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processes of life, Trom 20 EhOt osynthesis to _signal transduction and the

i mrune r esW@@DﬂT&nﬂhB@r %ﬂ%{hdﬂﬂbéntﬂ b?, 20Rbaadi [ﬁtiteﬁlcsdttes E@Fiswnﬂl es, a
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al nost anywﬁtcm;gegMﬁ@lpgfdf@lg@mﬁamthghemﬁmite to influence functi onaI properties
of a conpound, the synthesis of proteins is 25 limted to changes encoded by

the twenty natural am no_acids. The enetr c code of ever known _or.gani sm
from bact eri 8 TAd FYRANE RE{zaBDING REDE A §§nggﬂ§ These
am no Htids can be nodified by posBEWa?Hs@ a] nodification of proteins,

gl ygesYy! tances,
by the enzt/iﬁrritrglflé I%Q%m% g% nﬁ%&o‘?ﬁ}larﬂﬁft%ggﬁg%s@ %%‘%re@’[&{%%w., in
the case of5(RSTEROaYHECfies 03Nt Reidqiedieant Gral MpeGMedess fivhi ¢ Natiena)
synt hesi zed fromaonly these_ 20 sr&?e bui | di ng bl ocks, carry out all of the
conpl ex prBsdstssof &alth.s Ehe YnitediSiatey Gyssimgnt 527 getopainem bsiyeniass [ 06]

Both site-directed and random nut agenesi s, in which specific amno acids in

a protein can be replaced W tgq ﬁl'i)'()?f Epﬁg 9 piet een common ani no

aci ds, have beconme inportant too or understanding the relationship

bet weelt t @35t r Tiot inventeomdrefaten ¢o therfiedd of progdie bivsherfisege Imp&ttiordat,(blgﬁi es have
made possible the generation,o roteins wth .5 enhanc operties,

el ubli mg. SEBIanTegHes i B s o ceBRRs RpS ahs MR g TEpG S bl Bt
Nevert hel eggiude DARAGS] Mmraragt{ﬁr ns are limted to the 20 common am no aci ds,
nost of which have sinple functional groups. See Know es, J.R Tinkering

W th enzynes: V\/nat are we | earni ng? Science, 236(4806 1252 1258 (1987);
and, Zoller, . Smith, MBAGKGBAIBVRIDF JHEINVENEIONt agenesi s of DNA

fr agrrent S fdél?negmt G caMy%uY?ﬁ{ug{@ all of the complex processes of life, from

20 phntﬂsy‘nthests to signal transduction and the immuone response. To understand and
contro! these intricate activities, a better understanding of the relatienship between the
structure and function of proteins is needed.

[05] Unlike smali organic molecule synthesis wherein almost any structural change can
be made to influence functional properties of a compound, the synthesis of proteins is

25  limited to changes encodéd by the twenty natural amino acids. The genetic code of every
known organism, from bactetia to human, encodes the same twenty common amino acids.
These amino acids can be modified by posttranslational modification of proteins, e.g.,
glycosylation, phosphorylation or oxidation, ot in rarer instances, by the enzymatic
modification of aminoacylated suppressor tRNAs, e.g., in the case of selenocysteine.

3¢ Nonetheless, polypeptides, which are synthesized from only these 20 simple building

blocks, carry cut all of the complex processes of life.
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extract capabl e of supporting protein _biosynthesis, has been used to
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years ago,, it found that ny anal ogs.qf _natural am no acids inhibit
the growt HWP“-E@E?‘E’FP‘&T“m&lsﬂgfgﬁ%‘fm‘isﬁe&ﬁ%M?%F%H?&lrﬁcﬁmf%e presence of
these am Ngn Hrd Ghin AL G fnﬁﬁﬁ@hﬁﬂi&ﬁﬂh@é ?&gﬁa\e smeﬁggﬂgc@e&%lﬁﬁiﬁ%oi or

their natural counterparts, to various ex ts. " See, nond,
Bact e2Dal ‘sridlpeptidss B 38oeind6ddh leSithan Hibmeiducd) eWahghe tdrentadrivalogunht afRNA

synt hetase, the.epnzyne responsi,ble for the attachnent of the correct am no
atid to TG R RaLY EETHs A eniE) of RepR FgameR™ k& eEPST 1 om t he
COr r espond,hik la%%lgr%kciﬁ@bapme@%eﬂamﬁ@ hot &638 8CHsd, NQel RYCIPNE, nawgaﬁﬁrmgsi by

nmet hi onyl -t RNA ynt het ase, p-fl uor ophenyl al ani he i s charged

y
phenyl al arB. - KeutnunRies: BiogherSe 69:92D(2080).CAvgensratin witrodierynthets miEtholol t on

and H. Del, rqgbi,nchon- Szul maj.st., Bi gchi i "s. Acta, 1959, 34:, .39
(1959) : ~arld WHEH REHRPESSA A ChereB ety g bl the e Buoabibimmiiogid™ 1. 37
(1959p5 [ QRHed\b AdinWinY® e ic0ObableTIBShHRR Lot R bRISSRTELS, HaB 68¥rPREALd ON, Was
| at er devel oped to 15 exploit the prom scuity of wld-type synthetases.

See, e.g. sitsperifically in@rpaaipiayer 0 unyaiyral Aeino apids\yeagerariery ofroebNgf L.
Moroder ang R #R3%Hze. 56555 Jv: wh oo, 15 Mindel and P. G. Schultz, Ancew. Chem.
Int. Ed. Engl., 1995, 34:621 (1995); C.J, Noren, S.J. Anthony-Cahill, M.C. Griffith, P.G.
Schultz, A general method for site-specific incorporation of unnatural amine acids into
30 proteins, Science 244 182-188 (1989%; and, 1.D. Bain, C.G. Glabe, T.A. Dix, AR,

Charnberlin, E.S. Diala, Biosynthetic site-specific incorporation of @ non-nairral aomino
acid into a polypeptide, J. Am. Chem. Soc. 111 8013-8014 (1989). A broad range of
functicnal groups has been introduced into proteins for studies of protein stability, protein

folding, enzyme mechanism, and signal transduction. Althongh these studies demaonstrate
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An auxotrophic strain, in which the rel evant netabolic pat hvvay suppl ying the
cell with a particular natural amno acid is swtched off, 1grown in

m nimal media containing |inited concentrations of the nat uraI diichdllaci d,
whi |l e transcrr ion of the target gene is 20 :repressed. At the onset of a
st ati onar y "t Qﬁ?ﬂsﬁ”ﬁhase the natural amino acid is depl et edPCHRGYEptsaced
with the unnatural am no acid anal og. Induction of expression of the
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J. 0. BoI els, BiCowimwOn ¥k Cohdrl, EKinBbken dnd 1. DelmbyncBon-Banlragjst, Emchﬂmbr ada and

Pemange, CERELiEs Adkh 09, F1R0 s R iier oo CheBhioein: BiguiSss

(1995); anﬂﬂml\ggﬁuglg@g(l\%gj(arnbrock S. Stc,-inbacher, A Hurrm L. Prade,
T. Neuefeind, L. Mor oder and R Huber, JJ, Mol . Biol.. 270:616 (1997).
Met hi oni ne[ﬂﬁhal ﬁgssn wivihneihads termed sela¢ti¢ycrmrea‘sumtlmwa1atmn ezusHasedalctpedeen

i nsert eff Gl or addition f f teins b
chen | Repetinisfuily o ic2h TR S e I DT G PLIKEED, S Lott
Lett. 428A@$clﬂé‘r9‘9«8)ﬁ.’en]ger@ I\MDM%‘Ll'ﬁﬁﬁ'mdeKan&R Hub&kFAE@:EDJ Bealiroe) 1, |-
Am Cherry Sac., 122:71282 (2000); and, K. L. Tick and D, A. Tirrel

Tet r ahedr oA 2BEABPHR a(uzaom whn.:b the]evintemetabalisspatior a Hipp!yieg trweﬂrepéurms on
the recognit unnat. cid analo m no I -t RNA

synt het acertichtauipCartBtapd i on B Bee it v IF nlol o AR e e
fidelity OfmREdPéRicBntkdtRns bf Ak nditral BEREAQH Swhildearisa@iforOdf 166 G 3bne is
functionality accessible via this route is |limted. For instance, although

t hi apréad i rrepteawdbéktrthﬁ:@rsgbmfaaSéafmﬂqtmwﬂapfiarelﬂge nafnes! prognceiiaid is depletaco| | ne

and sel eno r:ol i,ne ca N. . Budi ano, 1.
Ptz R PRSP R B S e, Iy M oxbepsdon SFRGE 1

( 1998) Of}%cmﬁhﬁnhzﬂ ;ﬁeﬁeandsmraen B@QREurblatith &f irpromﬂlcnmg*mb affndtial substrate
specificity of am noacyl-tRNA synt hetases, which has been achieved in a

limited nugnskag. Fer examas, ﬂﬂptgrth@ﬁﬁ'ﬁ’iﬁﬁeﬂ im anghp-fiugrapienylaleningphavedremt  of a294

by G 1y | NoESSRIAGN A8l IS Aottt ENNMILIS 88 Erf BRERSH

i ncreases Size o stt |ng poc Testlt's
acyl atdson which BivARheasily igentifi ailea.yleag - (all Mﬁﬂ{stHﬂm)L. Megdelend NbBudikh, Kast
and H Hennecke, Bi och%r_'n stag\ég) :7107(1994). An scherichia coil strain

har bori ng Amal Bigghem, 2 LOTPRETIRMIRS }Eﬂi‘rbé’FF g tprlase HRGIRMTS avi ne
arenﬁ Egke%%g&k@@?? fT:i'I?suEhﬂE?o QLaPREMEAL R With cPRR1igBsfcharide HigaRA Bnd H
PF NMR, see, ¢.2., H. Duewel, E. Daub, V. Robinson and J. F. Honek, Biochemistry,
30:3404 (1997); and trifluoroleucine has been inserted in place of leucine, resulting in
30  increased thermal and chemical stability of a leucine-zipper protein. See, e.g., Y. Tang, G.
Ghirlanda, W. A. Petka, T. Nakajima, W. F. DeGrado and D. A. Tirrell, Angew. Chem,
int. Ed. Engl., 40:1494 {2001). Mareover, selenomethionine and telluromethionine are
incorporated inte various recombinant proteins to facilitate the solution of phases in X.ray

crystallography. See, e.g.. W. A. Hendrickson, J. R. Horton and Db, M. Lemaster, EMBO
3



364;2.72 (1993); and, N. Sharma, R Furter, P. Kast and D. A Tirrell, FEBS
Lett., 467:37 25 (2000)_ Simlarly, a point nutation Phel U er Eg@ f{@a
am no acid binding site of Escherichia coil tyrosyl-iR i A synt rs

shown to aMOARIEF¥HByrosine to be incorporated nore effici efCijusobyanss
tyrosi ne. See, F. Romano- Takaku T. Iwama S. Saito- Yano, K Takaku, Y.

(2000) . 305G B Ben i ok MK RS T D P B U et the

level of Subtaddading MAHRGEL, NA2$eR BB, PEoPfveaiNIBRfis) 9 {e
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i nternnedi ates and products an alterative strateg
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sim|ar t qubhe Pmtﬂu&ﬁtﬁml pidinerdels 89575 ﬂieﬁﬁ&l\@aﬁﬂug@ﬁﬂﬁmme or
PCT/ US02/ 12465  acids. This error 1s corrected at a separat® site, which

deacyl at esalkyme fumsﬂinahtyﬁmaermaho beercindertadmificinatl Rlorongridradditionslhe fidelity
of protein translati th freadi actiyity of the het ase is
i sl ed. TEPGERIARAL FSINS 42 CHRBHOLTEaTh AR oo NySERshm By AoTmls  ng

function n h f tly 5
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Escherichia coil s ralrg is growh in the presence of Abu. Mass spectrorretrlc
anal ydss SHiows, F.HaMedowt J. 1456, 0. Hudler MMEMDIM_@LM val i ne

15 positi ot ei At, |.eas e mgj.or limtation of the
ot hods. aebeATQIERNdvis Ve P e sone Ot i FRBEOR of AHSK PSR o o
natural a B@lﬁé‘i‘i dr 441 Nﬁ! tt&ﬁ:&%@'umlﬁf Ras'RBh %@tﬁgvedﬂﬁiea 1B EMmBr
|ncorporat on of t he nat Jr al unnat ural am no acld may al so vary - only

in rare azfs:es:scEnr qmple,tlawa.v&msdblﬁt replacenenbef Alaf évéﬁlysn rfc‘e‘wrtchmcoh
difficult l, eco e .nat am,no,.aci d,i e the
col 1 AnormepaRyE L s fretah iR S Bt an Pt et g f ekl

st udy 2phe ik tlﬁr@@han hﬂtﬁtmmgbf §ld1§:heﬁﬂﬁﬁﬁﬁﬁ (plEs- m&;t iSes IM €lbba, P,

i ncorporation of analogs often results in toxicity. Finally, this nmethod is

appl i cabi d(asnamanHﬁamwanMMMé%ﬂﬂMl%J A@nﬁﬂﬂbgsﬂbﬂ mhétrmnmmn am no
aci ds, agai |on nust be .t ol siteg in the
Gonons. 3o el AR S Ao RE S EmOBhT of Rt st WRve ol oo
al | owed f ﬂﬁ_lﬂ_ﬁlanﬁﬁ‘,riﬁ B&Eb of ﬁﬁen@!ldl‘éﬂﬁl‘e rse@f ¢.5.784. o SEHNHefORkQ FERRILARY €l
am no aci or exanple, see fol lowihg publications and references

cited wit ﬁiﬁﬁ ZTGA{II%%}HHIIEL h&ﬂh@ﬂmﬂoﬁs Futed, EkKast agd B. A. Thaell HEBS LettBd6Hider, S.

Wat t s, Tobi K Nat ur e

18442890 o, STRIEH Rl A Gl bHS BSUSEAR LB Tnd BEORIBRL DR or StV o,

30 effect &Eh@wﬁwa&fewmydmmyh&ataa@mmrom dilaey Sappiogine o et | vat | ng

potency of an S- peptide_ fragnent, J. Am Chem , 5914-5919 (1966); Kai ser,

E. T. Synt Aeeqrporgissmeree sEicigrdly than tyrosine. See, F. Hamano-Takaku, T. Iwamd, 8. Saito-
Yano, K. Takaku, Y. Monden, M. Kitabatske, I, Soll and S. Mishimuora, J. Biol. Chem.,
275:40324 (2000).

30 [11] The fidelity of aminoacylation is maintained both at the level of substrate

discrimination and proofreading of non-cognate intermediates and products. Therefore, an
glternative strategy to incorporate unnatural amino acids into proteins in vivo is to modify
synthetases that have proofreading mechanisms. These synthetases cannot discriminate

and therefore activate amino acids that are structurally similar to the cognate natural amino
4



bi ol ogi cally active peptides and proteins including enyzres, Acc Chem Res,
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nonsonse rERa R AR SIBE A AR AR R iy FERvRSE BINEL o

the Comnraréeasw\@ﬁ?/uaﬁfﬂaﬂ@e a@:m@lmmunla achiee&d ﬁﬁcrmistmmcumﬂabﬁgleeeﬁy e.g.,
fl uoro&?enyl al ani ne for phenyl al ani ne, using shins auxotropic for a

parti c&l ar d@n&ttﬁéhwgaateeé@ralem@no anig inside the gell. Angtheohgnitenen isithatakesef i th, M
C., Schul-t [ i.f i

innatur al - SREE SRR ARG BRI TRl PR ) ing JHG MABRL B ol
Nowak, et ﬁﬁ:ﬂrpﬁ@ﬂtﬁ:ﬂ&ﬁﬂﬂﬁB ASer/Rsd] IR WxiciBai Finally, this nfdtialeis afplGablelhx, T. A,
6 T X05 WO 02/ 085923 PCT/ US02/ 12465 Chamber | n, AR, Fiala,

E. S. Bi osyngHerilonky toglesgstnstural apdesiciiane epmEIPn Amigmacids, Geain because

substitutions must be tolerated at all sites in the penome.

25 [13] Solid-phase synthesis and semisynthetic methods have also allowed for the
synthesis of a number of small proteins containing novel amino acids. For example, see
the following publications and references cited within, which are as follows: Crick, F.J.C.,
Barrett, L. Brenner, 8. Watts-Tobin, R, General nature of the genetic code for proteins.
Nature , 1227-1232 (1961}, Hofmann, K., Bohn, H. Studies on polvpeptides. XXXVI. The

30 effect of pyrazole-imidazole replacements on the S-protein activating potency of an §-
peptide fragment, ]. Am Chem |, 5914-5919 (1966); Kaiser, E.T. Synthetic approaches to
biclogically active peptides and proteins including enyzmes, Acc Chem Res, 47-54 (1989},
Nakatsuka, T., Sasaki, T., Kaiser, E.T. Pepride segment coupling catalyzed by the

semisynthetic enzyme thiosubtilisin, J Am Chem Soc , 3808-3810 {1987); Schnolzer, M.,
5




amno md into a polypeptide, J. Am CGherf, hoc, 111:S013-8014 (198r~9r‘)‘;?laﬁﬁ'
Budisa et al., FASEB J. 13:41-51 (1999); ElIlmn, J.A , Mendel R R

Ant hony-C ahiil, S., lorets, CJ., Schultz, P.O Biosynthetic nethod for

i nt roduci MyOuRMaetsas al am no acids site-specifically S into pcoasimgisivet hods
in Enz., 301-336 (1992); and, Mendel, D., Cornish, V.W & Schultz, P.O

Site-Dire r | S,:\M anded Cenet | ~ Bi ohys..
B ool St raL S SAEGARNGth bl DLBANAICITLErT B BneAT BB, e
prepar ed thakbdrecagieded HNeptane, Qetate, 2AQBTA9%RYs Chhikeh JaM| Jemisvatheric

am noacyl ated with an unnatural am no acid, Conventional site- 10 directed

nut agenesirEPiaes andaoieis, GRCOCIEReY Biochewp2 3H3dh(1BAL): GlfordhR.E iRratess

interest in.t . i .- . ISy, . .dt, ckstein,
F e oy Bl B SR st BrorBtute ST 95T AR RS et e
nut agessi SBurblet,16iGuaAcCdStaAley, R01T8RR 1., WIBS).A. Mirsnidad repylial Ress@PPT essor

t RNA and the nutant gene were conbined in an in vitro .

transcri pticsel Srdhess af Riwnageesed withdnaatweleandvisi Residyer, cianse.i248 or por at ed
in 15 resgzg@g to the UAG codon which gave a protein containing that am no
acid at t pecified position. Experinents using 3H|-Phe and experinents
Wi th ct-hydapxyClashied méBPaiintak eded sl @ odubea dasdty @ uanatial 8¢ d 1S
incorporated at the position specified by the UAGcodon and that this am no
aci d i s nohaingdoelpdingcethciars.sgn i@bﬁéﬂ“%ﬁg@ﬁuﬁmﬂh@ﬂﬁdﬂ&ETJW,IHS 1ga#10. o34y, |

Noren,,net al, ~Supra; El CA ngel;, D. . Sch z,. P.

S o 2ecifh OO BE TSt BO Eoncrilde o KRB 2o Burbeiny L TR TEred: s,
Sci ence, 1Rbrd¥dntdO9%) Sciehd3 140 N 148@08Y); Kaives €T, Lavirbice ERRARRACSEAr e
limted by difficulties in achieving site- specific incorporation of the
ani no aci dée dhgmicabmediffgetienaiinamatc ieafiaiy.RevaBiogherne 562538 r i vat i ves
of the co t ty), 1 NO ids_ o 40 . i i K . ashs of
| ar ge pro{ig%%%sr‘ %ﬂn"g”eafﬁ@ e’ r'eig('?rhgn ;ga:!@gg}f%w%ﬁ%%}}vgg%%%%gﬁ.@é have
al so been (ys@4)i Ne@l KE. ANand | dHashBindADIB) Prasdriiss of hicd-spbiliser, JRiolSERere. J. ,
M W Nowak, P. C Kearney, J. R_Sampson, M E. Saks, C G, Labarca, S K
Si | verdfan,63R2-6d01 £H8g, Palzarrhdt- il Anewenzme cosraining apgiiasemly fpmad

A Dougherye tlf IR LA iS 3188 SR Roaipd Bukeb S D0C coi v

jected 3WNaMaliinh WG, SINAILSRGL BardiladRon 8f niicleophilanmahbcremneogic peoids enrbar get
protein with a UAG stop codon at the amno acid position of interest and an

anmber suppFE§ed caniiping SieH S6RPEH 108 WPHh (1988)-desi red unnatural amino acig.

2ci d at ¢ HEpodaterRERLE Shdky Bl ey PR URF et HRSGAS OB RER - 7 1O
PCT/ U202/ kR&GGs vt hosh Jisad taircommdate several bigihyeickigrebdslingt profeimtsyaihesizaf

integral_ nmenbrane proteins, which _arenag_gteral ly nof amenable tqQ in vitro
expr essi P &8 ¥ Intalloprag prblicrliaes adaslersacet prdavithin: Brunger.d ¥ cent

am N0 act Goylplifl e WitIcR) B1iRGHE bt RS 88V bel=fh, WRASHG ogSpANCES bY
fl uorescence resondnce energy transter, . €.0., arcatti,” K "Nerneth,
M 5 D. Edgeed, QnC., Waltdedet Hohison AR RhbiockdssRelin s ofthe Signidhessluersee dfl.  Vogel
and A. Chollet, J. iol_ Che._, 271:19991 (1996); .the incorporation, of

bi ot i nyl atWaceErPrE Ao HE 1Ge ﬁﬂéﬂ#?f]l’tffiﬁﬂ ralyregtde ehihe Sieaat espgniten P‘H"‘F?Fn
channggs, HBEE N Scad BHei B60eHchg Y foReyH A Lester and D. A Dougherty,
Chem ioITT??;‘Q_f‘IgW'); the use of caged tyrosine anal ogs to nonitor

conf or mat i[bRl Hrh‘ég@js, it hasdheen olmovem Brah ehnatural @uinotacids,cas be site-sppcificallyC.
I\Nﬂetlrg:] gépwl' 1rg @%%%Ecgﬁ‘n@s inpﬁitr“élbyﬁﬂglagé}gbn Bf chAérniE:)g[lIl)gg%{r}Q%cﬁQ[%dls_lﬂpp'?'\ésslﬁle ster,

tRNAs to protein synthesis reactions programmed with a gene containing a desired amber
nonsense mutation. Using these approaches, one can substitute a number of the common
30 twenty amino acids with close structural homologues, €.g., fluorophenylalanine for
phenylalanine, using strains auxotropic for a particular aminoe acid. See, e.g., Noren, C.J.,
Anthony-Cahill, Griffith, M.C., Schultz, P.G. A general method for site-specific
incorporation of unnatural amine acids into proteins, Science, 244: 182-188 (1989);

M.W. Nowak, et al,, Science 268:439-42 (1995}, Bain, 1.D., Glabe, C.GG., Dix, T.A.,
6




t he use of al pha hydnoxy am no acids to change ion channel backbones for
probing their gating nechanisns. S ee.g., P. M England, Y. ZhpagglBisA.
Dougherty and H A Lester, Cell, 96:89 (1999); and, T. Lu, A Y. Ting, J.
Mai nland, L. Y. Jan, P. 0. Schultz and J. Yang, Nat: Neurosci,, 4:239
(2001). 15O 3 tever, there are linitations nicroinjecti¥RIHEZHEHS e. g. |

the suppressor tRNA has to be chemcally arninoacylated with the unnatural

am no aci dehRm¥bdihoA FANBiANE. S A% hANRH: SiiNG -5 CRRSRIRFAS 2 rohaalipr netric

reagent during trarslation and cannot be regénerated. This limtation
resul ts i napooracsdipe e pehpeptild I.AmGherabat, 1 bludPlHBRIN(19RL); &6 Budisa et al.,

e 20" ol oclAgERyA RSHITUAP Y BUTRa b Mokl TEvA Mot Lol 8L aRre CL T ="

appl i cabl egtiiGeplcs Hfbsghgheﬁ@mebﬁ;g%ﬁn%ﬂmﬁé Brnathrl kmplFacdB JideIshedifcatly

[
i ncorporate unnatural am no aci di rectlg into proteins in viv offérs the
advant afyesimsé phitefns Wethdds infEng, 38336 (B9 reed, Meodeli DalCosaisk, V.Pek pot ent i al

he use of SB35 SRSt bsreessr il BRtted Gereia ot amdRECET 7T

to incl udegmgggiahﬂgm,@gugg__ﬁgv@ggg]yari ous sizes, acidities,
i €s,

nucl eophi i 1Ci ydr ophobicities, and other properties into proteins can
greatly expdild Gorexabiflé,aysuppresser IRINAIWas reepired/ hatoratgnized| (he stapicpddrat e t he

structures,of . proteins, .bqih to probe protein function an reate new
prot ei ns op%cﬂi 8’%93?”@%.& *i‘q WQ%%&%‘L@F iaaé‘?“%wgwﬂﬂ ‘FH:E ‘3?‘8’8&2%“%%“6'
di fficyt, shesaymatdelfeshorR! B¥d kAo uithadRop BMSTAGD 8RS Sitd M iRfeAGE irPNS
that are required to achieve a high degree of fidelity in protein

transl at i othe proRin gemeoler, aigt dayerst bRs iSchmidseWi. EckstinyF.iNGoEponalegse in
ar a- F- Phe,, a yeast, amer r essor .RNAPheCUA | ph | al anyl =t
gynt het asep’ﬁ‘?ff’%a{ﬁ?g” g%&‘“?‘ﬁ&g& ’-"é—gﬁf@"?"?ﬂe %wgge@ﬁe%m%m?

Escher i chi goggl,i whkh ﬁéthﬁ% su?ﬂ&ssur RNEWRHERe mbfat Bird wer combified ¥Par 998) .
8 19 OCT 2005 wo 021085023 PCT/ US02/ 12465 Because yeast PheRS does not have

hi gh subst Fidtodrasgesiptiongranglation systam,theunnaturalaming acidevisgncaporstedds
translated with on ~75% p- - Phe and_the renmai.ndgr ..Phe.and Lys even in
t he ex essre(%?mﬁ?l?—q L%e[?‘gg(fglé%fgjﬁf%egaﬁ?% %ﬂﬂgap%?m?%ﬁ]gb%&ﬁf{ﬂé& % Ke Phe
codon posi §jeeffd pofittoR: ExPhan¥Rs ufing (Fe1]-Fhe@ha dkpetndiiaivith REnRISPIRNQUS

Escherichia coli "PheRS 5 Incorporates p-F-Phe ih addition to Phe. Besides of
i ts transl dermomddatedihitabaly thy desireg aming ecid suippepestsd at ApasitbrRipefBedbe not

trul th , thi h . t. | | licable t t her .
et el | SUHRC sortn and' B Shchud ' GG et 3 Brs B9 A8 4B Mleim e e
to provi degsppg, aldibficeht s@nd: arkf, BRRdhYEATREHIER I SAkIerP. Bhsihkasynt het i c

machi nery of the cell. The present invention 10 addresses these and ot her
needs, 2(as “itichipdvetiapgfameeitbaabiome stryitaresoftopheteins) Saeiasgl 972G E(1892%k e.  SUMVARY

OF THE | NVENTI 24] .The present inventio rqvi d a. variety of nethods
For ki notiha TsFsgrL e 2k SRk Rl s® Pl b st Sl S0
am no_aci dgpekHcanEtrpbRtiDS of @E aBhd acdds, bP i RSB TRNS tHe RABo aLldObeI NS
conpri sing ‘unnatural am no acids made by the translation systemare also a

feature of simpe dariarveso thaxammin iignta Asinecvidsmiprellems ikierest idhes can  be
The i nvent Dok st Tiak BisPant A0 BALHRRE, Ut o am no aci ds: various
conposii i ofi9]i nMitkdinjertioheechnigues have also been use incorporate unnatural amino acids

into proteins. See, e.g., M. W. Nowak, P. C. Kearney, I. R. Sampson, M. E. Saks, C. G.

Labarca, 8. K. Silverman, W. G. Zhong, J. Thorson, J. N. Abelson, N. Dravidson, P. G,

Schultz, D. A. Dougherty and H. A. Lester, Science, 208:439 (1995); and, D. A.

Dougherty, Curr. Opin. Chem, Biol., 4:645 (2000). A Xenopus occyte was coinjected

30  with two RNA species made in vitro: an mRNA encoding the target protein with a UAG
stop codon at the amine acid position of interest and an amber suppressor tRNA
aminoacylated with the desired unnatural emino acid. The translational machinery of the

pocyte then inserts the unmatural amino acid at the position specified by UAG. This



unnatural amno acids, e.g., proteins and cells including unnatural am no
acids; chemical 20 ani biosynthetic methods for produci ng unnat armgf;lafno
acids; and methods for producing and conpositions cenprising an autononous
twent y- oneVWAh285%éi d cel|. [251 Thus, in one aspect, the PEERAEHMY124H/eni oni
provi des conpositions 'corrpri sing a transl ation system The translation

system C0”Hkth%ﬁ?naéﬁll@;ﬁédlﬂg.@{?@itr&cﬁ%ﬁ&ah R st dhie s) H{ PJI‘:@;% tefisNi noacyl
t RNA synt hetase (O-RS). Typically, the ORS preferentia 25 “am noacyl at es

t he O t RNAwhich hragenesdlytnod amevatiea touinafitrea s pressam g siemst rﬁcalnpdussmduuicmhesyst em

d the O RNA recogni t | east | t d t | ati
CySt om t nLCOPREERRS F GO ARARO S0 B HErUET A SO SRR TR PO IREREn ( he

system i ngk %&m&g%ﬁéhce%mgﬁ&&% 591% e‘lf-%‘é?rbg[é%uﬁ)éﬁi ﬁﬂ?hlc?ﬁc%{‘%at' on

systens |ncI u such as bact erl Escherichia 30 call),
ar cheaéi)acDeEdglrtmeUl Kesah) E.a’]i’a}ahut c'McEehtssh,(.TngmeqaeHs Vogel dnd A. rﬁmlﬂnt ifan

Cransi at | obiolySieghn ZHiREOLLS5: M ndrpeseionptnau il ituasoids o tﬂgdﬂmé?
085623 PCTCRBET 150 RS BEicR cRahigt b, ERLIEE: Gl 1L a8y s EDVR ©

conpri si ngDaugheitynibtreoBiodle4:389 (ERGE theedearftcaged ryomitehanadpgs up moaites sti ng of .
o comendn AT e e R e 8 E MRS W
consi Slhe”QSi‘i’wfvmlﬁn A0 | 15110 EIS%Q@I%IBgﬁ%BQmﬁfHa@ ﬂgst.ﬂ-CNgPl%ﬁqﬁt?Eg% l%h}eghg,dby ,

fromt group consi St gy 35-66 and a’ pol ypept enco

nucl ei ¢ amedsmoﬁajphshyt@ow minprmuisemthaigesqumnnd Mkbmteetﬂnrfprdmng khe=irgr oup
consisting of: SE msnt ét ghucl eot | de sequence

t her eof . [&%8 ‘é@%?f“fetﬁmﬁaf'u&a%“ #y the
trans| at| &&Séamg&sy:drwﬂ@y afd) wmﬁahu&-am@@hgg@gqﬂf LaY’f Y0P @esamigo acid;

an unnatural anar ogue o gl utam nc ammo an unnat ural “ana ogue of
a phenyl alzmihé(aag;hﬁm Neimbscigd:13M{2B@al anal ogue of a serineam no acid; an

nnatr | ogue of threnneamnoacd an | kyl .. ar a do
gyanou al @r&?hy H‘éi?’eﬁe'%e ﬁm‘l% W’cff%‘?-!?lf: o Methagh o Iﬂif'ysﬁ%pfeé il%‘w‘ﬁ* tZIhl ol ,

sul fonyl, RRIERE ch&RicHly .s.ﬁam(ﬁé‘ﬁhﬁd v 18 Snn AP AR achRSARS, anBhiRs Phono,
phosphene het erocycl i c enone, 1 mne, aldehyde, hydroxylam ne, keto, or

am no subsauﬁatﬂcbﬂkbhhnmni&na@aﬁa storcha:m}emmﬂagmatduamgﬂhaﬂemn amimsanulrtm aci d

w th a phot oact avat Cross-1i ker n: | ahel ed a

| bor oscenteamb oLt otER T boke oS e ORE R Srofin Beldsan
am no aci dndcBaita Ry RigRAtdelsifle i&@ﬂﬁﬂl‘:’é't@@&da}# the¥nBEaAE pivtdbh kichedRot her nol ecul e;
a netal binding amno’acid; a | -contai ning am no acid; a radioactive

am no ki dglecro mml@gs:gbmmwrmntmkivmwmﬂns mgdicd isphlyapabiable @ dsllethiah or
bi otin- anal ﬁ%ue cont atl ning 20 am no acid; a glycosylated or carbohydrate
modi fied arfihs EFEYE et o containing amino acid; au-tin o acids

conpri si ngrgpl y"fﬁé%ﬁ@q o obeRIraR unR&tldee b@ic ac@dmﬁa\m aﬁt@?_r&umm {i4bed ami no

acid; a chemcally cl éavabl e or photocl eavabl e am no™ aci an am no acid
with an ed:f&mgﬁtceﬂvsntdgsammh yields afrnmﬂnapmmbMBmahgﬂsa, the ppteniigldop; a

sugar subst i m.no  .acid r. substi.tute erin r the like;
2 Car bon- 1ot iRl A oot ey B RVnB B ARAAE B TPl no aci o
an c- ipsdr %Mtaﬁpﬁtb&hﬁk' 1ﬂ@h@§1§dﬁlm ARaMENRO THY ABilag 6l iR itleainn kel afiMPadgd d; an
of ,a disubstituted am no acid; a O-ami no acid; and a cyclic am no aci d
ot her t har%isk ¥arigns sizes, acidities, nucleophilicities, hydmphnhmmes, and other properties into

proteins can greatly expand our ability to rationally and systematically manipulate the

structures of proteins, both to probe protein function and create new proteins or organisms

with novel properties. However, the process is difficult, because the complex nature of

30 tRNA-synthetase interactions that are required to achieve a high degree of fidelity in

protein translation.

f22} In one attempt to site-specifically incorj:rafatc para-F-Phe, a yeast amber suppressor

tRNAPheCUA /phenylalanyl-tRNA synthetase pair was used in a p-F-Phe resistant, Phe

auxotrophic Escherichia coli strain. See, e.g., R. Furter, Protein Sci., 7:415 (1998).
3



[29) For exanple, the unnatural ami no acid can be an O nethyl-L -tyrosine,
an L-3 -(2- naphthyl)al ani ne, a 3-nethyl -phenyl al ani ne, an O 4- I tTII
-tyrosine, a 4-propyl-L,-tyrosine, 30 a tri- -acetyl- Ic AcP-serf @h

L- Dopa, a fluorinated phenyl al anine, an isopropyl-L phenyl al ani ne, a

p-azi do- L- PHEPMSaTHni ne, ap- acyl - L- phenyl al ani ne, ap- benzoyPCIS02/12465
phenyl al ani ne, an L-ph osphoserine, a phosphonoserine, a phosphonotyrosine,
ap-i odo- plpeeyisakait PReR Sdodmprbpeailyh alrah@epedficieyiarg-E-PRBahy inmtaehaes and
an isopropyl-L to 9 OCT 2005 WD 02/085923 PCT/ US02112465 phenyl al anil ne.in
one enbodi ﬁ!éwas trenslaied w&hgﬂlyowe?iﬁﬁ ek -&he nd Hieremanidar asPherand s enen in -

ar no. aci a s B PhEa AT ¢ AONIELSBH, o 3 E) < sﬁ‘?sfs*%e%?ﬁ%*?&%‘*”sa'

exanpl es, naep«ﬁtPﬂee@ﬁfaoﬁtﬁ 11l‘|ldiﬂﬂirigrtﬁ:ilt thmmemscsmﬁem:@mmphaks sopr opy! -
or 0-all y] cont ai ni _%e[g)hen yl al ani ne anal ogue, 5 [30] Anax of a variety of
sel ect of  cHcemerdgnpFehesa adiion ke Phe. cBes ﬁSlQﬁ\Wérﬁ'tai"E)‘ﬁtm’l fidglityge-gndifsense

' Cone enbi Ry Ry St phets SRR rBGRRURRAM i hpek By 1 e TR ™ S11

A variety @ 1ﬁ&§mh@m¢§ﬁﬁm¢@tmgﬁyﬁﬁenﬁ are provided herein, including"
e.g., an scherichia coil cell conprising a rntRNAcu; ~ and a nutant TyrRS

(L. W16), mér e Tharsfore Omprevements ip 5 ProvEss @y Breded erovide more pificirne gndit es

t he nt RNA I nd nt he nt RNA
A o r ecog R RBLY et bRY AR bl ndif of ofem, Mefrent BRAGNG) |

cel | cOppr badBgeathEbd dthérnitedd) abrill be dpffabrit apoP feviddetithevibRgwnghe SS
1-TyrRS preferentially arninoacylates the mtRNA ' with L-3- CUA

(2- napht hyHisgioatitne in the cell and the cell uses the ntRNA A to recogni ze
an anmber 15 codon. [32] The translation systemherein provides the ability
to synthesize proteins that g acids in usefully

| arge quantities. For exanpl e prgtel ns conprising at |east one unnatural

anmi no aci d[2§n El"hepmadruamﬁbnabnqarcomltﬁsemtanamqumht}dufuraukingaamdmtmgo 50, 100

or nore mcro ranms per liter n a Siti rjsin cel |
extract, ﬁ?q?t\‘é?“ Syéteﬁﬁél?qtrﬁﬁ‘éﬂ’c‘:?’gﬁﬁt? ﬁf %EJ il ‘Péﬁgtﬂmérﬁi%‘(ﬁﬁl Phe 1 ke
[33] Apst hﬁéat@é 9&9 o rfsh@’r&éﬁﬁ%% hﬂﬁgﬂﬁﬁﬂ&apéﬁﬁ{od&%sﬂﬂﬁdetﬂ}%é’ﬁQﬁ's‘l':ﬁid non of

proteins t are nol ogous to a | abl e proteln, but “conprising one
or nore unnﬁtmnai'caisﬂm&aMdfthhdmmhngmeBuuﬁdmo&mmlrmw mﬂmtl.aqdemumacpdm:m ns

can be made that conprise ne or, natura anL.no .acid an

honol ogousEF H‘Cﬁﬁ@rﬁgﬁ) n%ﬂ 6‘9‘@} W“%S}% IBNEQHAP- eﬁih‘? pveption
aspect, th?ura{epbfaumemmrﬁ%mmmlm #idNLARRWopoRitioRd hﬁrudmgqh@' n such as
a cytokine, a gromh factor, a growth factor receptor, an interferon, an

interl eul Cum;latmal arhinol agideet. g4 provhesul aells awlmhng)gmm} gdimotagids; qh@pmaﬂe
hor non

{7 ansct? ot PEbAR wehe IR EHSAs AT plbeinE otk SBGR FicB A DR Bpo ot | n

(EPO), ins wdﬂcmgtaﬁ&emaﬁ@a@ﬁ&hmMﬁﬁ@ﬁ aﬁ&'u%di‘n%hioﬁk tmk/regemﬂm?&uf@éu vating
Peptide-78, GRCcx1M P-1 a, hepat ocyte

growt h f aci2s, Thsmlm nnd mspectgm@wmemtautmqn p:@uid@wampnmnmswnwmtaor

?E?gSt ?}_i ngan%laf_thgl S m The trahslp{mn s:,rs{e%?cnmpgscs an urtll(wgu lg.ﬁ?lqgs [thi%f) an% F

an orthogonal aminoacyl tRNA synthetase (O-RS}. Typically, the O-RS preferentially
25  amincacylates the O-tRNA with at least one unnatural amino scid in the translation system
and the O-tRNA recognizes at least one selector codon. The tranglation system thus
inserts the unnatural amine acid into a protein produced in the system, in responze to an
encoded selector codon.
[26] Typical translation systems include cells, such as bacterial cells (e.g., Escherichia
30 coli), archeaebacterial cells, eukaryotic cells (e.g., yeast cells, mammalian cells, plant
cells, insect cells), or the like. Alternatively, the translation system comprises an in vitro

translation system, e.g., a translation extract including a cellular extract.



10CT2, 0--)5 WD 02/ 035923 PCTMJS02112465 | G-I, IG--11, FGF (fibrobl ast
grow h factor), PDG-, TNF, TGF-a, TOF- i, EGF (epidernmal grow h f &€t or,
KGF (keratinocyte grovvth factor), SCF/c-Kit, CD40LICD40, VLA-4 CAM 1, |

AM 1/ LFA- 1W B¥R¥n/ GD44, Mos, Ras, leaf, Met; p53, Tat, FBETUSKHIE4ESIunN,
Myb, Rel, estrogen receptor, progesterone receptor, testosterone receptor, .
5 al dost eronp rEGRRIO0-Rks ESAENOrnu ALY c6RPHLIAES Bleol r set
of enbodi n[ngs t eé)protei n 'lﬁg onorfuggous tg af)t ﬁega etﬁ&c Egrl&ot&ﬂgéﬁgrotei n
such as: amlealedHeor thergroup sosisting &S B D dEY: 4¢3 amd/ema domplsmentkast | ¢ f act or,
an anti body, an | i poprotein, : rotein, Atrial  natriurefic
factor, arﬁlﬂﬁmﬁcgﬁgﬁaﬁﬁﬁpg‘?‘&tﬁﬁ%ﬁn@B@gﬁﬁo’é‘fm’gﬁ}f’ Q\tﬁgéﬂctl I%?“ﬁ“éﬂ}ﬁ%eé
chenoki ne, Pttt ; i@ O5rfnn afind 5 0, a
GCP-2, an f{%ﬁ%ﬁi"ﬁﬁu anns Egg?fﬁag%%né@%}G?nan%?g??%n?%gca(ﬁlg? itﬂiclaic%and, a
cyt oki Be, forSChecgrenpbonsesting af BEGOEYNE: Aiétrandtat podypeptitie pnexded by 2, nualeldnocyt e
chenoattractant protein-

2, Monocyte chernpattractant protein-3, a
Monocyt e i 364 GRPRITSHISA mlas?@mdﬂamf Ree ﬁlmﬁwéﬁe BPUD£RRssHne ofp P ERdPh- |

beta, RAl . A @%}ﬂ,g dreg065, T64262, a 'D40, a
CD40 | i gand, "é%%%‘%ﬁ@ﬁ“&”@@ﬁ"&é@dﬂa% ongtlh stimulating factor 15

(CSF), a (as8b| etsmntpldsanftunnartieal amikoagidetherdanibehistd bpthe teanChuiph eyetnts r ecept or
1, a cytokine, an epithelia] Neutrophil Activating Peptjde:-78, a GRGa/ MGSA,
a GLOP, a inglpdg angn ‘F@Ta'é%m&‘el\@ﬂ-ﬁ%{““&w&?iﬁhﬁp @mmﬂ&%wﬁa Fact or

(EGF) ynan ani.thel | au i . ; ) 1 hr R
(EPG ,man %x‘?ﬂtﬂonﬁlladtnlﬁhg a{:@k%? a hact Oﬁé@&?ﬁﬂgﬁ’%&ﬁ%@@ng?ﬁ%ﬁﬁgﬁﬂ gfr-ﬁ IH@II‘HI-E{i a
Fact or X, amafeighe ofd ssine Grmnd beifpat wmadedanalogud-oba thvegene ami@Gicld; bn onect i n,
a GCSF, a ., GwCSF, a d ucocerebrosjdase, nadot r ppi n, grow h factor, a
growt h facdBh ?@‘Eé@ﬂoﬂié’ﬂa G%Bﬁ@ghﬁﬁl@?*%}’g’g‘zﬁnﬁbﬁﬂﬁqn?ﬁﬁnxlﬁ%&rﬁd&%

G owm h Fa b s Ll ) ; | CAM 1
receptor, qgﬁli'lflgﬁbﬁ) mgﬁoﬁﬁgiﬂﬁ%@?ﬁﬁ gfra?é? gﬁ%ﬁ?uﬁ%ﬂﬂggpquﬁ@fﬁ“%%ﬁ%ﬂ% ow h
Fact or (| Gielgroawlit,Ghods, iming, kdehyde, Aypdroxylemine; ketp, amarhinisebstitutadhaimirg 13, an
| FN-y, _an inferleukin, an IL-1, an Il, an,IL-3, an 25 | 1-4, an, H(L-S, an
LL-6, 1dn 19€1% Or gy qomignatgn th;‘rg-?f:&ﬁ apjing geid aﬁhﬁﬂhﬂ?ﬂﬂaﬁaﬁaﬁﬁfz?ﬁ-gm er; a

Ker at i noCydng, (0004 BmbRricA; a(fifFrdsced Andhd 98T & fnind defid ﬁma%ebﬂ%mth??ly
factor, a "Luciferase, a Neurturin, a Neutrophil inhibitory factor , an
oncost at i rgriviip; an am@st andjthat coyeiottlyi ar noacoveleotly énterapsoditic tnotherPerlatids; rmoi d

hor nobne, a PD-ECSF, a,PDGE-, a peptide hormpne, .3 Hunpn Growt h Horjpone, a
Pl el ot r op HEALOTREE BFMORCIS; SaPBaBTARGIS TGS BB CCaXOfRORAs B, or C
a Rel axin I‘l%td%ﬁ%ﬁﬁrhndﬁ? pRofeisonferiz@bil Rhend S0 LS81BIRA or Bﬂsﬁ‘ﬁ%ﬁfn‘gh& céhtaifingbl €

| - CAM 1, ’apSqu e interleukin receptors, a Soluble TNF recéptor, a
Sonat @dnedimiac Scidpd glycetylagd or Somitydtatopidified aStine ptidka keteeontain8ypsniamt | a -

St aphyl q¢ I t t oxi ns, SEA, SEB, SEC 1 SEC2 C3,
SED, A 12O BB A SIS AR BT O POVETGTE R HAIE PLRRHI . 2
Super oxi dendh§ Bk 2Séhenfcal B} 16avaBRGE pRYRERMIBIL MNind aci® ahhnWifd &idwWithaln Pha 1,

a Ti ssue pl asm nogen act! vator, ‘a tunor growh factor (TGF), a TG a, a
TGF- P, a TElmgateNstleabais; Ememuro acid famaningederisigsolka atsogarauptiituted aminaor

AIECHER R EWENAT, TS ST AT T

(VECGER}. aucld: aiiddaseuv@aiiifo achd;Ba%i-hfdrbRf containing acid; an amino thio acid
containing aming acid; an ¢, disubstituted amino acid; a B-amino acid; and a cyclic
amino acid other than proline.
[29]  For example, the unnatural amine acid can be an O-methyl-L-tyrosing, an L-3-(2-
naphthyl)alanine, a 3-methyl-phenylalanine, an O-4-allyl-L-tyrosine, a 4-propyl-L-tyrosine,

30  atri-Q-acetyl-GlcNAcS-serine, an L-Dopa, a fluorinated phenylalanine, an isopropyl-L-

phenylalanine, a p-azido-L-phenylalanine, a p-acyl-L-phenylalanine, a p-benzoyl-L-
phenylalanine, an L-phosphoserine, a phosphenoserine, a phosphonotyrosine, a p-iodo-

phenylalanine, a p-bromophenylalanine, a p-amino-L-phenylalanine, and an isopropyl-L-
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a Met; a pb3, a Tat, a Fos, a Myc, a Jun, a Myb, a Rel, an estrogen
rectptor, a progesterone receptor, a testoattrzne receptor, an 3],:1 ﬂﬁﬁz‘ﬁgone
receptor, an LDL receptor, and/or a coriicosterone. In one aspect”
conpositions herein conprise a protein conprising an LnnaturaJ am no acid
and a phar MREEEI28al |y accept abl e exi pi ent, including, 10 BCHUSIZRY6Sf t he
proteins noted above and a phannaceutically acceptable exipient. [341 Ho
mol og Y to hoeiRGRE enfbBaim e |rhifto Acidllis GH BGELF
gnrent,  cPASteREhngiAbicnfRmet OAANE Bt BabRA Ao RoR s h el L-

par anmet er styrdsinie. dn anp kpeciftmexample enbatimemnthe 4t kestonetminara aatind sddts mbout
50% at |east, ab 75% at | east about. 80% at |east ahout 90% or at | east
about 95 (’/ﬁ%'@ﬁ‘ﬂ%\/@? Higiey Iﬁﬁw}hertsﬁb‘?fa"ﬁ%?}hﬁeﬁwléf‘ﬁh‘( # leggt one unmplIryy ot oj
presen t i,p _0. Ve 036 1oL éﬁ‘ﬂ% , 1n one
preferred erﬁ]bg%gﬂi%ra}gﬁn%ﬂfﬁ%ﬁgr’aée- uﬁL 8H%E@?§EFE?F &ng??t r ugeitin
(EPO) . 3S|[30he Any of eivamietpbf celat@rcedonocaarbeaned & the presgnt idverdion Anclidmg, 6,

9, 10, 11, 12, 13, .14, 15 o re unnatyral am no i ds. The unnat ural

am no aci wwwe&nﬂm%maﬂﬁs-ﬁuﬁww@ea .ﬂ;“wﬂfta'ﬁf‘e&'ée-c%‘?f eygmple. ;3. 4,
5 6, 7, 6 : , , ' sites in the 20

prot ein th%?%%%%??%%" #%ﬁ!%,%“iﬁ%l?&gf &[fmﬁgmb%%%??ﬁ 12, 13, 14, 15 or
mor e di ffef3dht Anariatywfabkemplar ranshationdysteiio cre(pravided kereim imduding @pheanli ment ,
the protei_n is DHFR, and the at |east one un nat_ural arni no acid j s sel
ected fronEscherigfivopli edhemmpisingp otRNA ctnda mutant FyekS AeVEHD, where the

L- 3-(2-naght hyl )aJanine. (361 The present i n ven ti on al so provides

net hodd) f omutanb@piR $h(1GVAL6) pecferentially gmiooasiyiates the rARNALT, awish CamethghLsyst em
such that th e at | east one prowin conprises at |east one unnatural arni no
aci d. |In tyrosineniatiockl] artdrtbe cellbusst thet nRIN APt Emecognizer mvintted codort. Hnat | east
one nucleic acid conpri sit ng at Itast orie selector codon, wherei n the
nucl ei ¢ awithed epnapldesn Edoheddhid eslbtell coneprizing 2nm , ahil anSERZ TR S st em
is also provided with an orthogonz] LRNA (0-tRNA), that functions i n the
transl atip@eidedwehat heaSBl2rPRRGHrERfentility hincgeylitcotie ERNALDr wREER3and 30
an orthogonal arninoacyl tRNA synthetase (0-RS), that preferenﬁti ally

am noacy| agesaphtty)aRnir@Witiv dell ahl eheddell RaSthe IR NARAL tarBdogRde A adfledl i N the
transl ation systéem Th~, tran sl ati aTi systemi S also provi drd with the
at | casst @genu nnatural airni no, thereb y 13 19 OCT 2005 WD 021085923

PCT/ US02/ 12465 rFroduci ng, in the trans|lation system the at |east one
protei n coldgli sThpytranstatign sydemhenproyrisatheadiity i pthesizg Prowing tgt) of t he
above stru I kes. of L ied il the

met hods, e%ﬁ,gr?sf’ y&gg{lo ﬁﬁ%ﬂagﬁ&a}ﬁ F gg S lﬂgﬁ%ﬁg& %%@E%éﬁﬁn% racts,

etc.), typasngsing al€isnsne innatued wetab hdid titebd padstat itarofystatidn (Patdeast El
honol ogues and t he ot her proteins noted herein) specific nutant proteins,
speci fic. )uahvat LR-a10, 196 pomars THSTOZEHES PHAIY R 8. N} 889MPesileRcompriuag 2 £¢lb
proteiqy s (Y rak 1 i ed are processed -
and nozg’i(f i 8 ?ﬁa&ﬁl&fg 'laﬁgﬂﬁmén&gigtrlﬁaﬁ?&g‘%@%ﬂ%%ﬁ%{rtb%l{cg%@ﬁgglrag't he production

of prot ei nN@3} haAna&her mbedloy tHeqireked: ingéntimagyddtiedior die phthetion € proelné ihad by
the cell. 1b _[39] The unnatural amno acid is optionally provi dedtexoggnou
sly to thert hamelogopnie awﬁﬁlé%'e pRotedh. it @?rppﬂ%ngwe NHEPE HmaUral FRUNLGIEN

eSSl A 6L el B OALLESICERAY, 11
provi des netatld sFhono agid and eterignivhogms Esatecn mbicdharepsuticgirdtemt Hoeast one
prot eizg Coernrtgtrnip?é, ?r?oﬁé aslpgca%,s the %Pﬂ%&flq _isnl?ctrmhgl!a_gous to a therapeutic or other protein such as;

a cytokine, a growth factor, a growth factor receptor, an interferon, an interleukin, an

inflammatory molecule, an oncogene product, a peptide hormone, & sipnal transduction

molecule, 2 steroid hormone receptor, a transcriptional activator, a transcriptional

suppressor, erythropoietin (EPQO), insulin, human growth hormone, epithelial Neutrophil

30 Activating Peptide-78, GROo/MGSA, GRDE:; GROy, MIP-1w, MIP-16, MCP-],
hepatocyte growth factor, insulin-like growth factor, leukemia inhibitory factor, oncostatin

M, PD-ECSF, PDGF, pleiotropin, SCF, c-kit ligand, VEGEF, G-CSF, IL-1, I.-2, TL-§,
11



15 I-tyrosine. The nmethod includes providing the translation systemw th at

| east one nucleic acid conprising an anber codon, wherein the nugltefitT #¢j d
encodes the at | east one protein; providing the translation systemwth a
m RNA ,, , WOWBFEEN t he mt RNACA functions in the cell andPGR&ISat/ithe

m RNAT, recogni zes the anber colon; providing the transl at ion systemwth a

gtuf?ﬁgt Tyr ﬁfliw“lﬁ;& #\W&@Mﬁ@?ww&g&%}phe cIei.III‘? :anga"r 1%‘13'[ ?ﬁezgef Ihe

with _the @pf&hﬁM'gréwﬁMﬁét&ﬂnKGF(fk@faﬁhMcﬁéQﬂ#&&hﬂﬂ;t&rﬂ Sfmcqqtlcmﬁuemu one
protein conprising the O- thyl-L-tyrosine. [31) In anot her exanpl e
enbodi nent Ef»ﬁh‘b Vi nhlfﬁa‘i%ﬂ fAids hyalvan/FEMY4f MospRard Bef.ides Iﬁ53.aTﬁlF_1§1§her| chia

coli cell te|n conm r|S|n

napht hyl )aﬁé’ M:’ﬁnﬁﬁll’g ﬁjﬁgﬂﬁ%p e%@mne %ﬂéﬁ%@ﬁ‘é’a‘%ﬁ{ﬁ TSeRpLOT. provi di ng
the t rsansm&gtaﬂ@ﬁélﬁm WMIDNre@bpthe ARA/HPERIBONEABHE RCdndtiee SR dfein{tadanerdrber
colon, wherein the nucleic acid encodes the at |east one protein; providing

the cell vihepreseinis RNAUiGEWS tmmbwemuuu:mafhewmfmmﬁn dpha- hanlufémsenl and

wherein the rec 1 col on; rov;d 0 I W|th
oSl 3, - i ke bAy i A B Rl YoerG ey, BP B Rp TSI R ooy

with the Larﬁaﬁamﬂahhﬂmlc)fadt@zmammm ﬂahﬁ:r@tﬁi 1 dlenOHﬂrﬁﬂ é!ptldchECCEl(t vw th
the L-3 -(2-naphth %al ani ne, thereby CI hg in the ce | east one
brotei i canprRuiegsTHs NAD 2 ENAR by alitibes Orats sb-401 2 665 hen

orovi d¥a Nkt fan ST Pt ] R Eip AP E eahd T O P KRR
anal ogues, g MizBcRS clerdéairadtart pedt¥inal, %M&ﬂm@rf&cbh%nﬁ&m@tﬁmpww aihadticagie

tyrosi ne anal ogues, such as 4-allyl tyrosine; glycosylated arnino acids, and
the |ike. tﬂae{m@}trﬂmm protpin-3cd MRRor YR drflanastery Brotedf-d idghaua dMongepteno aci ds,

nvent i on. mpaSug efdikr St ERITES o Res1 kRIS, BOCE BB 06T,

an unnat ur-pg4262ni CD4ack ADANdipand & C-Redag@id, b RN¥Napgs:, aColowostahelaling faoradf , - d,
are provi & d. Corrp05|t|ons wnpri sing Unnatural arnino acids and an

or t - hdgonalCHi neamplemepiactyy 36 et amplementinhititpa,igemplemac troepinal s

ded. 10 [.441 t hod
P e hest oAt 2t P REaBORE Khovalilg pRFRGT, ol ROBIYRATUROG R I 00T
th 1 )
T Do L 2raREY, RGO MR GL £ ?ﬁﬁﬁm@ﬁ*ﬁﬁégﬁ‘gﬁ*ﬁf BL), Aepifical, |

yl -Ltyr osNenamp'ﬁ;lpima'htmg/qucN; & Brytloopdiatire (@), ex Eatbliaping soxinreFictar Djsed,
e.g., th c_depr lor, .£.4Q., Ih the enc hydr ochl ori c

ncid and P earulles FaiEr Sif i o atitrb s Cnth B3R G aorgragem 4 ¢
et hanaglg Orpﬂf&%m ARICRENE GMLIdSE, al‘@heccc%daswegnmﬁapin,al @.@M&o nal

ogues are typl c a] | y SynthesiZed by condensing diethyflace on
ate and a’ aptosth Saghwtréceptor calHedgehpp piooteing 2 Hemngmbrxpﬂ&@mtncgta (fihwth Eamr.de ns

d is t t | d d t Id t bst t
Sheny! a1 D, § Biaih aHordan swhim 3lngbfe angCarL, Sp C Raditeseos e LF A Bt - o
phen ylal agj | AR-1St6ht&S am IntRlin RVnglindfie: Gfb‘:ﬁhh @hct@flnr}r@ 1 aae.qtainphen

ylal anine. The desired neta substituted benzyl bromde’l s optional 1 vy
synt hesi zadinteyferagat IFN- ogahl—IENdhmm[EHwnmmrﬂaIe@ﬂdBl Sjl IIM]t,Ian:lL-E an IL-3, an

b1 obniZdat e -4gndt ap T3, 2 Heylat e tat B . 2L b 6y Sapt IEAZ28  on 31 el ds
a monabr Or‘icel%ni%d}%-.ﬁﬁ Factor (KGF), a Lactnfﬂmn, a leukcrma mh1b1tory factor, a
Luciferase, a Neurturin, a Neutrophil inhibitory factor (NIF), an oncostatin M, an
Osieogenic protein, an oncogene product, a Parathyroid hormone, a PD-ECSF, a PFDGF, a
peptide hormone, a Human Growth Hormone, a Plelottopin, a Protein A, a Protein G, a
30 Pyrogenic exotoxins A, B, or C, a Relaxin, a Renin, an SCF, a Soluble complement
receptor I, a Soluble I-CAM 1, a Soluble interleukin receptors, a Soluble TNF receptor, a
Somatomedin, a Somatostatin, a Somatotropin, a Strepiokinase, a Superantigens, a
Staphylococcal enterctoxins, an SEA, an SEB, an SEC1, an SEC2, an SEC3, an SED, an
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opposed to a mi x (tire of a nonobromi dff, an d a dibrorr~ de. 25 [46] In
an other aspect, the present in vention provides bi o syn theti ctetrhaos
for producin g unn atural am no acids . For exanp] e, glycos yl ated am n
a acids are oFtlonaI] y synthesized in Avo, e. g,, by transforrilin g a
cell with & c onprisi ng a gene for an N acetyl - gACTAEPHEHM

ni dase, a tran sgl ycosyl ase, or a serine-gl yc osylh ydrol ase. The cell
then produggg, 4 §tkroidlBéinide 8&9%3&1@%&@3 Akt A8, aapcsm@sh@k sgndrBﬁﬁrt&lﬁ el |
ular res ources. I another 30 rx a arni n opben ylalani ne is yn

t hesi zed, aThygmosinginka Iy e Tigspe ahzmmataf)ﬂam}, T BimRE gewmfgctotﬁmmsaﬂt&f* to 4-

BT S TN et R AR F At ©

4- am ne- 4- pAeRRYAr SR n&r@ﬁk fabidrQedd P%HTRPRF'%’WLEWE%YQH Fotdauh ich is
enzymati cal | 'y con verted to p-arnfnophenyl’ alan i The "enzymatic con

ver si ors apeteiy,pi\Gatily E)mldthnlwiaﬁrmgﬂl Eaclgr{a‘u’EGEF),gi Dokiist, AMo) 2\ E\VpBAB PC
(ETSD2I 1246 am ng-4-dco cho e s a PapA, a chorisnnat e
mut ase, e. §4 EJ%B ’gﬁﬁd‘ faf‘gg%%%@gﬂ% SPlopdp C,

respecti Vehﬁﬁﬁes-m%né i‘é&@g toP tﬁ@stbﬁaﬁoﬁ@k&ﬁhbb’ aR &l R re@(:t&oﬁﬂ BBy r@@eﬁf_té},e

p-am nophe yI- pyruvi c an arni notransf er ease,

specific t gmctdari mmmﬂmbmadﬂfmnaslwct &@nmmmmehemrmmlﬂ pmtr:m

Arni notransfereases of use,in 5t ent 1 nv 1 on ut _ar.e not
limted to*° TS %&B’é“a“&fﬁj Ve, “@yﬂﬁﬁé:ﬂ PW?%B““%&?B“E%%E“BF&‘ PG RrEed in
Vivo, f39.epgb¥nd Biaih%fp%t@n@ﬂﬂﬁzd‘hﬁb% ﬂﬂdtdbrénah&mm)cmpﬁthm@eﬁ H,-nkhe genes

whi ch encodé the enzynes used for the synthesis. [47] 1n another aspect, the
present i niddht i Hnnm:ﬂmgm tdake polppaptide cof qumémnch b)qaqnﬁormmgmfﬂqemoplaliignmam,

Escherichi a col.s I pi cal | 0 tran formngthe
Col | owi ¢ h GEpruBR AT F B 135 58 3D el PSS oy foiihienat Ba |
conpri ses &hgsdi SRR, %@ﬁ}ammsaammtdbamssﬁm 2% Roas ERHILEPSHOR 1015t paRfsofapB, and
papC results in a synthase, a nutase, and a dehydr ogenase, wherein'these

enzymes t olj.q:ett hbﬂutv&&?‘h or atieass shiut 35 FcideTticebioa lpm‘dutdaerapelpﬂvemtaaj @g.ne from

chori spat e. I n_.an r._as r ention rOV|des an

aut onoltbus Eovﬁé'h TFagidn ﬁ&f‘&'@g oﬁf}&gf Z'F:Lfﬁ'ﬁlg cgiaﬁ or E’fﬁ@% jij oneprgferred
bacterial gabddi wﬁeﬁptlfe&hhﬁépﬁﬁffﬁirbteﬁQSBth%ﬁéﬂﬂﬁ tﬁmp pat hway system for
produci ng an unnatural amno acid, e, m—no_ﬁﬁenylal aninc, from one or

a
nore car boB3$ouTbesrakgin lbf miemy Eéépﬂﬂlalégigz 'fdhér @, 1 d, k2. d3aksL50r on

Th A synt nEPER el hb4RR00Fre ilauaranb abicd S8 AR BRI S e

with the uma&tdamie 122 3.0, 306, REl 9, mndl tlnels}wmurmﬂiweﬁmn&shﬁ thennat ur al
amno acid into a pI’Ot einin response to a sel ect or codon . a nonsense

codon Hlchpatimhal composg 1, Baﬁe‘réoﬁo%ﬁ Britadlakhds, 1‘bd5cﬂrﬁmﬂmélf t can

o 1o, - 1. sy Self8" b g Sphfb etk ek ardieis R aryndpe

nore than Rpg ot thegoRhhmidy Aid R selectedROnple geRupadontidlingof Oama@kRydLL o provi de
for site-specific 25 mcorgoratl on of each unnatural amno acid in a
protein, obrefteeindde-3tdgwphthylelapiges he specificity of unnatural amino acid
i ncor por at ) fpd I Vi t ase
(0-RS) (o, B8 REpRterfTB ool 716 BRyRlel ARG ror L BRE epd, SIY B

speci fiki tg/trmislalmnaymai suaivitmo thecit tkastone ppsieint doonprise§ #east nnsmrmiural

enbodi nent s, , t he, bi_.os nth ti,c path st ens oduce tural cellular 30
amount of #REOFRIdaD o “é\‘“iﬁrﬂ‘m%\é”“ é:,,as,terp I’Feglﬁ’@}':‘éﬁb'flﬁb?}?%@‘ PMPUSIGEL ur al
am no_aci dadld‘cqﬂﬂ E? Bﬁé %eﬁée&é}tcoﬁ&ﬁ, LR 1k RlPSY BEiDSRLSes Y £feiTOUNt

does not substan
one pmtem Tha translatmn system is also provided with an orthogonal tRNA (O-1RNA),

that functions in the translation system and recognizes the at least one selector codon and
30  an orthogonal aminoacyl tRNA synthetase (O-RS), that preferentially aminoacylates the
O-tRNA with the at least one unnatural amino acid in the translation system. The

translation system is also provided with the at least one unmatural amino, thereby

13



concentration of natural amno acids or substantially exhaust cellular

resources in the production of the unnatural am no acids, 16 1 19tQET RS
WO 021085923 PCTI US02/ 12465 [50) In one ex anple cl ass of enbodbrents, the
aut ononousWedR08393 s en gi neered to produce p-arni noph ePgrakamizees from
ch ori smatt as descri bed abo ve. In thi s enbodinent, the cell is :

Syt hase. PGl AHES CeBalGE Hont IRy Aens e 28 PERPAARY She T Bt ot

VenezRel aemnatuSd empicoamydtes 5 pristirnaesp iralis and a arni notrangerase
derived fr _J;?E. gof{jl.h'l' or ex anple, the cells of th e jnvention are
opti onal ] [§ t r AHEPIFNAEOYGH TRctnry feainres @f the pmpasiigne cple prabedisdimthaod ved

pl asm d, S| trﬁ’n?s@% L | l\Zz & g

conpri ses an dgbé'g‘gpgérrgtégr an ug%?ﬁg@@‘i%ga‘én@?{é?#}l #%h%cgheﬁSQQb%%g%?&ﬁe

pl asm  f pedduced inchemahdesorcsystears (ennEPQ homshugaedanditle ottgr pidieiss nded [ 5 1
no acids th at are opfl onall y _ produced_by the cell s of

O her unn%'éural am | ! . .
the inve YCHHSPO‘-{\I}E? guant prteigs. Spaeific pnpatyral amdng ahthedikeet hyl - 1tyra

sine, glygegyl | i Sy - PE ) Js atural
am no aci ggano?ﬁegﬂ%g@? F\tfm]aer‘}%s itﬂhng“%l ﬁ“ﬂﬂgﬁﬁ@g’f@%‘%‘ﬁgﬁﬁéﬁ%&?g{%ﬁﬁ%a , the
present i nxeprotassedhaalmddified ircebéll-depedesi magnmeneThis provides foy Seqroditibnr
produci ng at | east twenty. o ? am no acids and specifically incorponting IS
one or mP@PﬁFﬂlﬂh@aEWﬁ‘%lbg’ deds Ehyepsylyed %Pﬂl%?"@%‘i’-‘?ﬁ‘@%é}' Wetssll n the cel I,

wher eilan | e : b NG ' ' ' :

innat o o 1890, % A nn @Rl Binidq eid [SHARRNEY BibyRB i oBlod sy 9 W 86l

provi des aynehhedteafatdldeng i fthenrghanansdsticandyege iprneelltke ubiatarah animedcid al

am no acid which has been chor porated into one or nore proteins of a cell.
The met hodt hpbeayntheszsdintae ranseionf¥s8™ | i brary of cells, each 20 'of whi

ch cel | S QDT iy eibel RGAMASEBbIARIY, o inFonibr et HERGDL &P an £ col

gen orar.. “One or ran darrid zed p s typic |y confers
on the ccipkoducmg imbn Bstherichia colicel] @o icatieonzproein aimprisingparilewst ats Ocméthyk0 a

proteipn, The library of cell s is then screened to identify cells wth

en_han&gd ;nﬂw,m@- e IH%‘“E‘SFP&&WEEIPW‘ ng Hie Gansletiop gpstergith etesstpye puckin |

fying an %ﬁﬂ%h&gﬁﬁin 8 aibed 86N whekeid H{e'c]ﬂﬂlditg &id EﬁéHdEé‘ﬂf%Qitl t~?ﬂer]::r§l%fn@~”
a 25 to e

enbodi nent's, ~Sr-cand screen I's use urther verify tha _ _
anyadvant agividielg fed crRThtiof sgdtem ivaith B entRME ! dherealihe GREIMA Y, StncHddssn= ar |
addi tional feature of the invention, For exanple, the kits can include one
or more t g\l Qhedif URMARNRAIY € decigRies (HR-hber Bodd); brovidiag (R rrdlafiodM NO

acid cell, etc .), one or nore unnatural am no aci d, e g,, with appropri
at e packagidiem reiedmatant IOrRO W 16 tvliededd the@huight TyrRShw e penratdaet t he
kit, i nstnted onal material s for practicing the nethods herein and/or the

1i ke20S: ithevintRNAZ], withatie ©tmebdyl-LHadsinens thetdll; and,pystiding thece]] withpheot ei ns
such as EPO anal ogues conprising unnatural an-~no acids) can be provided in
kit for mC-methygL-tywesine, thenebtyi preducingin the 211 at leags ond protejo wpowasing tof Ot he ki
t, 1 ns"c_fi ci\r;%l m.aterial S for prac d ci ng th e nmethods h erein and/ or
the Ii ke™WGENS023 BRI EF DESCR PTION OF THE FI GURES 19 OCT 2005

PCT/ US02/ 1$A6514 ﬁuﬁkh&ieggﬁ@ld erifodimehe tHeq i i @iich fpréHaesa inBMoa Fodpro@digilas | N

the active site of TyrR ) o
an Escherichia coli cell at least one protein comprising at least one 1-3-(2-

25  naphthybalanine. In this example embodiment, the method includes: providing the

translation system: with at least one nucleic acid comprising an amber codon, wherein the
nucleic acid encedes the at least one protein; providing the cell with a mRNAZ, ,
wherein the mtRNAT, functions in the celt and wherein the mtRNAT], recognizes the
amber codon; providing the cell with an S512-TyrRS, wherein the 3512-TyrRS

30  aminoacylates the mRNAZ], with the L-3-(2-naphthyl)alanine in the cell; and, providing
the cell with the 1.-3-(2-naphthyl)alanine, thereby producing in the cell at least one protein
compnsing the L-3-(2-naphthylalanine,
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(rnodifi ed fromP. Brick, T. N Mat, DD M 1B low, L. Ml - Biol - 208, 83
-9 8 (198 8)). Residues from B. stearathernophilus TyrRS are shown in -the
figure, f 556] Figure 2 illustrates accurul ation of E. coli DBFR pEd&iMs
both wi | d-%e (wt% and nutant under different condrtions. Expression

condi ti ons Y} @5t ed at the top of each lane. The left |REEUSBYI¥df%cul ar
wei ght marker. Figure 2A is a silver-stained SDS-PAGE gel o r purified

DBFR. Fi gu 2B, 1 i ATATA | 3is
a t andem Ml s%"eg“éﬁﬂm o ééﬁhﬁiggﬁ“gfn‘l"%{f‘ﬁ%ﬁﬁ*pk‘é‘}}?? g%%raﬁllﬂg,a[c%' WWAALA
VDR. Tb e pastimdd seguletame\dhblogudsl A¢bRs Gtacetyl-pheptialdmne and Bahethowgy t he
O-mr. th yl -L: i i d Y* b d f t ted b
y on ser | BT A yEo e aapaices suth af 4 A0S E e ST BI EXbr PR
protei n, pRtfew | d-type (wt) and nmutant, under different conditions.

Expr essi on cc_)ngiti ons are notated at the top of each |lane. The left | ane
is mol®culdlr Werigincomgrdsitions Etsgprisngdénnatural shineecidst agy pobtShSend¥AliE 15 gel
of purified DIfFR Figure 4B is a,Yestern bl ot of the gel, in_Figure_ 4A

[59] Fi gur EomPrisigg hemARfar! paune cqfﬂfaﬁﬂnaswt%a{ﬂr%ﬂrgwds@pﬁwaeﬂwx

* TGVLSEVQE XL i e iR - hnd8Rkn Al R& Sequence can
be iread fr%gnnﬁgﬁ%gng%m?@g ah ugpati(}l%ll iiun se]cﬁ}bﬂ]ca)ns, e gﬁﬁso, pB?%’nd y 13 are
n ot obser vedlernilydbontial erepmrakid8® 1CFmE G080 cagprigingdimnaturi ardne bdigs sthbanged

yl4 ion is truncated for rit 20 160], Eigure 6, Panels A-D, illustrate
features o°fhqgqpaLAIAPAGY és&%@rsﬁﬂ&%e&é&#@&aﬁpwﬂ S ovSedure 6A i s
pl asmi ¢ PRER TTy ﬁ{%&ggﬂﬁwd@ewngﬁﬁ&m Bfidbs meftRak f&f)g%ﬁéiiﬂ?,yogdmﬁﬁ% ara

pronoter; protein expression depends on suppres sion o er codons at
varyi ng | oddd.i Borexampl, 4-allpel ggmeine G Brpically syethesivnl bsreacig oplotattddy T7 RNA

| . Pl j d P i t.i bl f W ih Col | | 1d.
D 055 ngUATHIGh MO GBRATOmTes G it NLTSREARRGR B APRURERYTdE B WVF| Mot r at es
conposi ti ogeRBdcfitg &%ﬁﬁﬂ(@ﬁﬂﬁﬁgﬂ%sm?@?ﬁ&mﬁn ﬁﬁuBHP‘FHﬁEBS{JWé@t}Q&Hﬁe is

constructs withi n PREY( 12) ° ne coh struct nunber | indicated to the
| eft of eautded, Egusridisoeolic dephranecierme aigs in itdiresnesof lyydrdvdidoniginid efd each
constryuct, .are cal.cul ated .as ,the.cel.l concentiration-correct rad.o of

{1 or ebbendBraas eyl BpRFubPRERMY cEPST ot et PSEY ot A ioro iy Safer( -
12) and_ P4 P &fta-dRt RO PHef aﬁmirﬁ(&n_ﬁ’lﬁng@ﬁt&é t&&%aﬂ&'s Esi!‘édtﬁ}’ébdd@ﬁs_i%“e
are indicated abovt each con struct. Figu re 6CillUstrates cytonetric

anal ysi s ofliethaldcetasndnmil anatg apREmRELa- Opsumteddicnzid bromite( (Ihe)preduchof thebot t on) .

Figure 6D illustrates,fluori ri,c,an anal s_of cel |.s. cont ai nin REP(1 0)
and expr e‘s‘%‘]dlr% safigp fothen B (@gﬁ E"FQWS&F@%S‘F@ .ta'mﬁf(?hﬁ"tﬂfﬂbq“g&laé]gnﬁohat t he
celI's cont ﬁdl‘néha?e. ,S.H}RElrﬂ‘?EG‘tgﬂ, briAhoxBsubltitled PR aMBI R 2008 29 - Anethoxy-
PCT/ US02/ 1246 611 Figure Panels A-C, illustrates cogonent s of ‘a

mul ti p2it popkenylaenineer Hrcetyiphen wolaniom Tbe desiredansta gubstituted benzy] bromide i

jannaschi-i _Tyr RS Figur ALl Lustyates plasm. | YC+JYCUA. Pl asm d pR
30 Veun pRRdnls st fiRat b g N Rl AR i cBEREMA Yo P AT AR
i1l ustrat emegiyldeeloghamneto proaatdy alonmmtm%@ﬂhﬂ,smmgstamzir@rtgebmuﬁﬂﬁteé t he
evolution of M jannas hii TyrRS. Figure illustrates a strategy for a

evol uti on Produglin aharanegabyion) Rhe arysipHizatomyieldss menghiragideprpducbas/C- Jy UA.
Fl uor escen on- . I . in black and grey,
respecti vef’?}.%g?%%] f%{lj}récegfg,%‘%%%eq@dﬁga ?1 lUstrates the activity of the
dom nagl s8] helrma@thon ai@ot, thef gremvemebntingeosgésbioppoheatic inethedyfor i ment .
Figure SA is a photograph jllustrating | ong, a . . ;
producing unnatural amino acids. For example, glycosylated amino acids are optionally
synthesized in vivo, e.g., by transforming a cell with a plasmid comprising a gene for an
N-acetyl-galactosamninidase, a transglycosylase, or a serine-glycosylhydrolase. The cell
then produces the desired glycosylated amino acid, e.g. from cellular resources. In another
3 example, p-aminophenylalanine is synthesized, €.g., in vive, by enzymatically converting
chorismate to 4-amino-4-deoxychonsmic acid; which is enzymatically converted to 4-
amino-4-deoxyprephenic acid; and enzymatically converting the 4-amino-4-
deoxyprephenic acid to p-ammincophenyl-pyruvic acid, which is enzymatically converted to

p-aminophenylalanine. The enzymalic conversions are typically performed using a 4-
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10 wavel ength ultraviolet illumnation of cells containing pREPIY-JYCUA and
the indicated synthetase variant, grown in either the presence (+)9q17T i
absence () of the corresponding unnatural ,am no acid. Figure SB '

i 1l ustrat e¥OPEGSY i netric anal ysis of cells containing pREECHUSRAZMSand t he
I ndi cat ed synt hetase variant, grown in either the presence (left) or
absence (ringhbh-Rbx iRrkeialSRMHAN, 3G UDHAL Yichbridfitd udkdede. o FPgYBCARG 15 1S
a table that 1l Ius%‘trfat es a Cnlse a%alqg@i S gf r(I:el | s cont a?%l’ngiprEPl Y -J CUA
and t he i rueganed delyyirhgerases evgrPapll respeativelyi (Thei finabstep betypiced eperdoroed
absence of, the corrﬁ}s?pondirg)% unnat ur. al .@m’.no aci.d. Fi 9ure 8D illustrates a
prot ein X EOLacRE GRS P PP Saci St An A OansFargasa S 4 RAGaNd t he

I ndi cat ed Synhbehaste YakrcahsfeBEOWY | vl M R8I, AO88RaR idrddse bl RBIENCE
(-) of the“corréspondi ng unnatural "amno acid. 20 [631 Figure 9 illustrates
activi By cbhepmséns amentién ladasbutzard pottlimitkst toy tyeB LaspB gordlvEh €Btically tRACS
-based screen OAY-RS (1,3, 5)]. or negative barna a-based, sel ection [ AY
RSB 3. CABPE: eRALF RETOEIT vt SeuRy SIS ERB IS ALY B0 SYATHOL R A8 | ant

were  gr owfe g.{haeuh'iweﬁcese MeRReNRes 428 thdthbk fnkesid. eft) or absence (solid
bl ock, right)y of the corresponding unnatural am no acid and anal yzed

f1 uori net [#%hl |1y anFhepaspstte her@snianhenivapeotid¢oamethod of praducinglpeul at ed as

the cell concentratjon-corrected.ratiqg. o | uorescence. of cells grown in

the pr eserEunoaeatals e 8 sedi it elieth AredirRSTRBIGIY cPBRES gur e 10 i s

an autjgr agj sty ; i ' inthdeq Phe.
19" a4 QeHCRRM g%a fel %rﬁlda%hﬁtﬁgﬁ?ggi]ﬁ% I?ihgu'r gﬂ:ﬁ’ﬁ?ﬁi ?ﬁ%,%e‘?@m’th

and m Acetyl - Phe- i ncor porate rates the
f | uor escenrcepastediotnmeiscsrEian asfindtransfesasce Enptegsionzf papA.30pRakre papd pr ot ei n.

66] Fi 2.ill tes th | ani i d - .
 do phel y FeiSihe s HRhERes BB A e ondny B ran B e Bpepaetpey wit

i |1 ustrat qRe AmfdRahFalasS FRAGE: \}E—gheﬂill'ﬁarﬁ){@hﬂﬁﬁétﬁm@&aﬁ:ﬂ al l'y-substituted
phenyl al anine. 19 10C 2115 \V[3 02/085923 PCT/ US02/ 1246i [68] Figure 14

i |l ustrat d48la dhendtbar aspetieths prepent inverdipniprewies af juinoanagdwenty wmedor

h l,al ani . [ 69].. Fi 15011 t t bi t hesi . .
b b atenoghERyaraaibeetoatheictt ¢ bt Aorread st BraTkRimaai ipvpgtie
bi osynt hegiathwfylkydtehi foe BRRIYINE af tinAfufl dmfanalid,B. d.| p-usticphesyidakine, from
bi osynt hetic schénme for the production of p-am nophenyl al ani ne from

chor i smat ene@r more carbphgourpes witlis fieccelds e Rasboriynate, z0l anrapelabion systémust r at es
a variety of unnatural. am i 1 ' e I 1.l ust a_variety of
nnat ur ol GRS aenGenoBfLOIRER EPeaT i fi Mot anbRd BRSR Smidlae

am no aci ¢e-R4Y The3D-HS greferedihllyl dmifibscqlAes e OL{RIOA 3ithodik DAndAeiall Bmidaat ur al
and unnatural for _incorporation into proteins via in vivo suppression. 174]

Fi gur @020 agidoriddes CatRV A dnaerprsetes thedisapwral gming add et 6 profeindo sREponsedp aFi gur e

A E N N L e 7 e

[ 7] Fi gur @odén.i Thelsdlr @S nibrive hid®elthag bné uheateiak hfriccacid)e Q. PO, &, HOR O,
unnatural amno acids. [771 Figure 23 illustrates the synthesis of various
gl ut am ne %aRal®bdd. 12, 13, 14, 15 or more unnatural amino acids, optionally with more than one

orthogonal tRNA {e.g., one per unnatural amino acid to provide for site-specific
25  incorpeoration of each unnatural amino acid in a prmein,tur more, or less, to tene the
specificity of unnamral amine acid incorporation} and/or mare than one orthogonal
aminoacy! tRNA synthetase (O0-RS) {e.g., one per orthogonat tRNA, or more or less to
mne the specificity of unnatural amino acid incorporation}.
[49] Insome embodiments, the biosynthetic pathway systems produce a natural cellalar
30  amount of the unnatural amino acid, e.g., the cell produces the unnatural amino acid in an
amount sufficient for protein biosynthesis, which amount does not substantially alter the
concentration of natural amino acids or suhstahtiﬁlly exhaust cellular resources in the

production of the unnatural amino acids,
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[78] Figure 24 illustrates the synthesis of a gamma substituted gl utarnine
analog. [79] Figure 25 illustrates the synthesis of a cyclic glutamne_ .
derivative. 20 [SO] Figure 26 illustrates a variety of tyrosine ahal&fdgm'-“
181]" Figure 27 |IIustrates -a synthetic scheme for the production of

tyrosi ne afti BE&PB g1 Fi gure 28 illustrates a biosyntheti cPSERERI 24
produci ng gl ycosylated am no acids, 1831 Figure 29 illustrates a variety of
unnat ur al [QUann%b‘éﬁamﬁleQHass%ﬁcﬁ&%@ﬂimeﬁtsa{hﬁ‘ﬁhwﬂbﬁbu& &N 4R Dgilﬁ@er@& pdy. Any or
all of the above fi'gures are schematic 1 n nature, DETAI LED DESCRI PTI ON ON
GENERAL | anpdatlw pnisephenylaiandnt from ghooemate sis desepbed abawies Imthds erbéditent, or

t L t het h t d
a1 onar g ExtbisRugEeR i BRI B BB DRt e e G AR 5= oThASe.
NAI am noa%a tyEN@eﬁaéEtéiﬂtaasﬁﬁtaéél'lérﬁm&'fmﬁkﬁ@}ﬁbﬁ@ees%ﬁeﬁ@fﬂé% 'SEHeﬁkBﬁry@é}d

met hods describ here can be used with unnatural am no aci ds,

provi diSng mivighespprebs m::t;emrmtra@ﬁem@ derived feom Fovlir Hor px&mﬂc.tthtesﬂllsolfphﬁot ei ns
usi ng any .2 0859 3..PCT/ USO21 12465 of a @ y of side
chai ns. THB"'?”%’\?Br?ﬁ %‘%‘qnél 8%‘? w‘%aﬂiﬁ"' %F(ﬂ{’ pgyoctnpgpﬁgl led“ bact eri a,
Ar cheaehaciigimhia) ¢ C, ¥R&gin theBIERAId RitthePdodrisePn Ippsect )
cells, Thque co%rp05| tions an?hrret ho spare usef u%for t he si t{zﬁﬁspem flljc%}'S

i ncor por atpromotsk and A st prompicanimepree ¢rbodinants she plasmid hirbasconpripes ost o
eodons, four rﬁ)se cob 3\5 the 5 |ike. The invention al so provides

prot ei ns, THEI &P Hﬁ%{gﬁ am no aci ds, produced using the conpositions

or made bx(;[ﬂ fe Gﬁ%h@ﬂﬁmﬁﬁ] éxﬂﬁu'aﬂiﬂ@'ﬂidt%oﬁﬁhﬁﬂﬁbﬁbrﬁﬂﬁd&dtﬂ} thotdiReee unnat ural
amno acids into proteins directly in livin rovi des new tools for

studi es dfventionéngludmbucar not bmited i dpem Qam@t}wérhrmwes plyeorylagedhamiai on of

Peri a1 iy BEDPET BB GRE. ShEuARBH s ) R beEEBR b T,

" honol ogoys3) Waninbirey reddted aspect, uRtreRad invéltion pedviadstd cdllidomprigingldredra
common ancestral protein or protein sequence. Simlarly, nucleic acids

and/ or nuchetesysiema feramoduringsatdeast ANy eeoimingisens and jpesHically incoumating
hat ur %g' Y e Bided lgﬂh%' anino };&Smn%e 68 @%&%ﬁ% Wi H=GER, Dl dt OJAH:C' elc

acid sequence. , any natur y OCCUurring nucleic acid can be

modi fi ed h)hcaﬂyhe mu@mbﬁbidemﬁubagﬂnesmgnmtahcndnimrau aminodgidne or nore
sel ect or codon When expressed, this nutageniaed nucleic acid encodes a
pol ypept i d&83Eonkrangthgragae. the Rrereat iGNeniton PRPvIdesy methad ofiderhly g Atht i on

process CaaawﬁL%&g URE bR Y hAIEh boni 4R whIRE 13K bR fiehaRANho JrRIEN.

t hereby changin re standard am no aC| nt t| ng m an

protein 20nae pmtbins olﬁamfaxll OThe hrelgatepiedllycantijrses pabvidingm hbﬂupumus; acharity
bet ween two or nucl ei ¢ acids qr proteins_ (or ?equences thereof). The

preci 38 pet d"é’ﬂ?}h’@f‘éls&F’H@F‘ﬁﬁI Wﬁ?m”’&éﬂﬁé@ﬂfi@&rﬁ%%% foeAn £ colfgERRInS, 1
establ | shi g QOABIOH ¥ BNk bibsili (HEAIR Conflrk n BikRL G GhillyPlo | SSue.  but

as little as o sequence simlarrty i y used to esta

honol ogy. itk@herts avelnatuod] 2eege eridéntsiamirdtami tThe librayy of 8€l%)is 4236sc&086d B0%

70% 90'0,. 25 90‘V 9;.19 99% or nore can al so be used_to es g\ji h
HANES &by

homol ogy. iRt aell Wi M SeotiTEPaEdip BARIYS Epeteishh o
(e.g. 13U}dgxﬂfg@gialﬁggr;g&hgﬁraﬂd@&ﬁgmetummm@ﬁwﬂd.attﬁso%é&ﬁamqeﬁte!@' n and

are general

25 aacund screen is used to further verify that any advantage identified is due to the unnatural
aming acid.

[44] Kits are an additional feature of the invention. For example, the kits can include
one or more translation system as noted above (e.g., a cell, a 21 or more amina acid cell,
£lc.}, one or more unnatural amino acid, e.g,, with appropriate packaging material,

30  containers for holding the components of the kit, instructional materials for practicing the
methods herein and/or the like., Similarly, products of the translation systems (2.g.,
proieins such as EPO analogues comprising unnatural amino acids) can be provided in kit
form, e.g., with containers for holding the components of the kit, instructional materials

for practicing the methods herein and/or the like.
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[$b] Ortho: As used herein, the term"orthogonal" refers to a nol ecul e
(e.g., an orthogonal tRNA (O0-[RNA) and/or an orthogonal am noacyl ﬁ\ﬁi

synt het ase ?BO Ragp) 30 that is used with reduced efftciency by a L?f nm%f
interest (WOWNEEI¢ansl ational system e.g., a cell). O tHEHURI2AE  ers to
the inability or reduced efficiency, e.g., less than 20 % efficient, |ess

than 10 %fficient, |essyi@r bESCHIPTION OF THE FIGURESS than 1% efficient,
of an orthogonal tRNA and/or orthogonal R S to function iii the translation

systh em of l[ﬁﬁl erldgere bip a ﬂmlift}z'#@@sg@@ﬂﬁﬂ}rﬂ?@@@ﬁd% ilsﬂ'ﬁcﬁ_ﬂtié&a’mlpmfe"l,"yrﬁﬁ
endoganoyd o 5ord PLRERE, Ty B R LML B ) AT SRSK PSRN SV sero

ef f i i encyResidReRoFHOBRMRSHEAnARING THR S hleQRoh iRtheamgdRgenous t RNA by the
endogenous RS. In another exanple, an orthogonal RS "am noacyl at es any

endogenoud *RNAFigure hidlustrates aeuanvilgipnanf 33 ephi prateini bath sildrigpeted and even

endogenoudn B degf SFRIRT Bt hPhs, TRARRRGH P Bl m o B BB S i o 1y

am naacy! 6151%?'THeﬂEf@'la%etiQHﬁlﬂbcuﬁﬁf\ﬁe?%rﬁma&‘k@f Figne 24 Ritved Qa8 EDSCPAGE
about 75 % efficient, about 85%efficient, about 90%efficient, about 95 %
ef fi ci ent ,zebefl pirdied DEPRo Figunes2leistd Westam, blofofithe g¢l inFigmR22AL0 ani noacyl at es

O t RNA i f h tural ani i d to.a, natuy al,l i
CRNA or o8t 1 AgEwit LR PR Bl R N B SRR o sy o
aci d 15 t hany+*NMSRLASTIR edhi PhAialsdhi@deE MDA XPAMTHR &f eHegleptink Edhrith

fidelity, e.g., at greater than about 7 5%efficiency for a given se€lector
codon, at ty Qamethyt-hdprcabyguesident e che berad fram the aginolated lsed yonoernewdon, at

greater t akqut 900 ficiency.for % ector ,codon . at greater 15
Phan abouto8” dieyes Bl res bR rohfE et Bhh, el SihecToe o R
about 99%fitaRDifder Gfffdrent@natitions, Bxitisaih coRlRHNG kreaitA8d af B8 1opS6t caeh or
codon: The term "sel ector codon" refers to_codons recognized by the 0- tRNA

in the trawe aitiedelt pangdeswlechirr weight avokmi FignnstAals aspidreyetaived SDRAAGEhe 0-

t RNA apticodon | ghi.Z o e MRINA and

incorg ratgggﬂﬂfué%o% Izsa%ﬁ%b%zlli%'?%,Jﬁgﬁgﬁ?ﬂ%ﬁ%ﬁ?ﬁﬁﬂﬁgg‘ggﬁﬁ%lr%éﬁ'd, at thus site
in the pol[39EptFigere 58lAahdm eREOfHTcrGADS kRCh WAR, pepti@e . nonsense codons,
such as, stop codons ., anber, ochre, and opal codons; four or nore

base codord; %*%ME??" (X remriesenisdi-342-naphthybnadaningds The sequsnearsn t he
i ke, For g gl Van SHELEM(@ BEY 5950t (201498 G130 el HilSionGe BT rhbe

nat ural three S, € endogenous sys 0es not use. said

nat ural thaeephrse1 FadOD%) Aigned.to R Bybhematdedtyl4don Rakinggted faRilfiryt hat
recogni zes the natural three base cadon or a _ systemwherein the natural

t hr ee 2Basd68badiignze & Ragels A-d)diustragpdpatares of thesmplifalte fluoresaspeeceneften RNA i s

a tRNA t.h al t ' (ﬁql;a I@Flﬁt !gggﬁlﬁ}i | |

transl at i'g’ S@é’sﬁ%ﬁ'ﬁﬂ&%%é@g& RI\E ca%‘eélggléc rr(%ug X %I].' %ﬁngﬂ\sfﬁ;bpy codon,
a four baske gadetmott; @roteii exprediv. dedendsH]suppresibmabf anbaystionswt viheng er m
"transl ation systenf refers to the conponents necessarlé to incorporate a

nat ur al | y 1RebiGRs WHBINAAF BEneaPRPPHExpTasign dhafirablst Ppedt R4 pPobasmse: prot ei n)
Syt hot as Sum PR ER IS b Yo SRR CORL thmif < s R Aot o can
be ad@&d syotharatedd®i¢Ah phiro Figyrettdhillubmates aconpesition andtflvoreséertce @anbimtinem syst em
can be a %? L['?’Rﬁ!%tp%ﬁrrmé%sevggng%éhsou%%gszgith?%ﬁgﬁg—]ﬁ%l‘ge constmct number is

indicated to the left of each. Fluorescence enhancements, indicated to the right of each

construct, are calculated as the cell concentration-corrected ratio of fluorescence, as

measured fluorimetrically, of cells containing pREP(1-12) and pQ or pQE. The pesitions

30  of amber mutations within the gene are indicated above each construct. Figure 6C
illustrates cytometric analysis of cells containing pREP(10) and either pQD (top) or pQQ
(bottom). Figure 6D illustrates fluorimetric analyses of cells containing pREP{10) and

expressing various E. cofi suppressor tRNAs. ‘None' indicates that the cells contain no

suppressor tRNA.
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prokaryotic, e.g., an E. coli cell, or eukaryotic, e.g., a yeast, mamuali an,
plant, or insect <cell. . (91] Unnatural am no acid: As used herein, the
term"unnatural amino acid" refers to any amno acid, nodified am @(ﬂc??pﬁ,
and/ or am no acid anal ogue that is not one of the 20 5 naturally occu g
am no acid no cysteine. [921 Unl ess otherw se defined herein or

bel ow in t'ﬁ%gpzé@%zﬁder. of the specification, all technical PARIS8EIEATIfic
ternms used herein have the same neani ng as commonly understood by those of
ordinary sigllll Figura@, Baseld A-@filleftrdtbeconipoasits of a RRIIGAGDoseDe SR BHIAEMQ 10
[931 Proteins are at the crossroads of virtual Iﬁgtevery bi ol ogi cal process,

from phot S¥FR FESiscungthe peolgiion of A famanseiiidigH e Fighready wskatesplasraid

response. I X | 2 f ' . ] r
Conei 5t 1 gt SEE R CAETRIA P AR R R A B ™
defined pranhvatiansgRigoe. 7TH Dikirdibestnrcasensds indveirili xoind acidy ded Reirpedsorand
conposition for use in the site-specific 15 incorporation_of unnatural

ami no ati dftegveiaaen of vhigugsadiclwES; Figure/ C jlusiatenaswgtesy fs a ayshwion o)

am no acid_] §,.4 X LG o 1 Qf é r tﬁﬂ =1 t ing for
one of th%ﬁgo rgﬁﬂé%ﬁéim%éﬁg%sgéﬁgﬁ%ﬂ%?gg'g'%{y‘?nven ‘f“on, e. gg& ahh;%}él | ows
the site-sfheetdeviecelBire shanadmblakant igrsy, efspertigel. nore unnatural ami no

aci ds at a[r:%&desi. red_position_ of an¥¢q$rote| n, (ii) is applicable to both

) el )
pr okar yot i ©62nd¥igwee yBanels APy idustriies the aptimiiyef he dgmipgnbomiietase sa0# nut ant

proteins i i i t ' 0 quantities . L §i.ed

mut ant prof}gﬁﬁési,bﬁg%ﬁ%sm)ebﬁlgggﬁg%%tt%1 ncg}gp]gg}trﬂ étﬂ%@ﬁéﬁﬁ%&ﬁ%&ﬁvari ety
of nont(nat whedleng@iruhervidétduminagopobtadis Reniainivg ¥REPTG-IYVIIEN tndthepr ovi des
conmposi tions,_ and nmethods useful for in vivo site, specific incarporation of

unnat ur al Synihstasesyant g n i cithes the proseres &ﬁ%ﬁhﬁﬁnﬁ%ﬁ‘)ﬂfﬁlﬁl ation
systens, e . | t RNAG G g%gﬁ)s

or t hogonal c‘gﬁsﬁgaé‘ﬁﬂ?’kﬁﬁmﬁﬁ?h%‘gé?%%“F?ggﬁg%e%n un%%f: %rﬁa#" m r?(i):gg%&l d,
wher e t he EiRSniag pREFEY CalESU A d @ARnkikatedtsonthbms e vargny rgpbwai eicheadied, and
the cell uses the, conponents, .ncorporate. the unnagtural ampe acid into a
growi ng poPIFEEREilgd) “gﬁ‘é‘?ﬁ.ﬂ (’fﬁg’g“‘ﬁ'ﬂ@‘?‘) %l?ﬂ“ﬁﬂﬁ e %P%@?‘?eglﬂ%'f’ﬁghs for

in vivps s ﬁgﬁgitﬁgt@u,_}sﬂitﬁﬁg Q@rﬁ‘ﬁé@%ﬂﬂ@gis 3P cHNBhHifhe EFE(?W %de%@ﬂmt he

transl ation systens o e invention’ The invention S proteins
produced bindidatedsgtthecise wdrianherdvay eneithen thereseotapnademeatf edhensorieapdndires

Composi {1 oNEPARA! FRPRAEE. STERBI) TUSKHPORPID e SRoD MG SEHRA (-
UINA) arr ~conaee JHAWI YANBOHESS aﬁ:ﬂlﬁﬁmﬁ@h&d sYhiMALER VaRRNE wa:f)il?t'erib‘ﬁeﬁﬁg be

used with the toI'lowmng properties: the Ot Is preferentially
anm noacy! apesdense () @rebernea(-tiredlthe corfesporedingloimaturhkbardn®8eidi n addi ti on, the

ort hoggpal, ir_functions in the translatio ystem.of interest, e.g., the
Cransi 2 | off0y sFigFe 8d0imis® abhan P Rap PO 420 30 RS PTG BEARNA | 0

i ncor por-at fedshife BACRLLH:EH scbin @ RLIK ([ N D] 8r RGHPERirhER- Selection [CAY-

| ncorporation occurs in a site specific nmanner, e.g., the O tRNA recogni zes

a sel ect or RSGHI.oftllecaptainiag pREP/ GO UArmnd e infivared synthgtasoyarianewpreot ei n.
[97] In O”gem%?bl%%hﬂﬁ%e p}sggncg_{sto%!&cﬁg Fe?ﬁ I»':n}/gbdségiéeo ofid g%rc-’_f,t!‘% ¢ E'frtﬂén a

corresponding unnatural amino acid and analyzed fluorimetrically. Fluorescence

25  enhancement {bar, back) is calculated as the cell concentration-corrected ratio of
flucrescence of cells grown in the presence versus the absence of unnatural amino acid.
[64] Figure 10 is an autoradiograph of a western blot demonstrating expression of m-
MeO-Phe- and m-Acetyl-Phe- incorporated DHFR.
[65] Flgure 11 illustrates the fluorescence emission spectra of flucrescein hydrazide
30  labelled protein.
[66] Figure 12 illustrates the unnatural aminoe acids para-azido-phelylalanine and para-
benzoyl-phenylalanine.
[67] Figure 13 illusirates a chemical scheme for the synthesis of an allyl-substituted

phenylalanine.
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10 Mer hanococcus jann schii cell. In a pref erred enbodi nent, the Otl NAis
that referred to herein as mRNATIT , . I'n another enbodi ment 3 ot e frdRNA
i ncludes a nucleic acid polynucleoti de sequence' selected fromt he group

t hat incl UYEP28EE2} 1) NO 1-3 or a conplenentary pol ynucl eBETHERdsFence
thereof. [98] In sone enbodi nents of the invention, the O RS is derived from

TyrRS fro 15 Matd Bpa o1 rgt i ment,
YRS LT L e gnaL s eaedihins thlne bpusBthata sthaatt ront

further erphouy!atanines.t he ORS includes a polypeptide selected fromthe group

the.or oup 168hs bR ey BF RavaBtuBoc Aartradbylepiitde Bt AdDi sy
nucl ei ¢ ag ﬂaﬁﬂﬂﬂ&écﬁfoﬁ‘%eﬂn@@n‘fﬁ&dfs‘cﬁ?ﬂérﬂﬁn SiinS S EEARIBI N0Mak E‘a group

20 consisting of, SEQ ID NO™ 4-34 a corrpl mentary pol ynucl eoti de sequence
t her eof. l:{‘&gﬁthlehc schemeffor the preddstion o piamin dyhenplaniriednom chbusheste, ang.,

Escheri chi a. cc cel | sing a MmRNA A and a nutant TyrRS (LW1 ),
wher ei n t Mg} %H‘f*ﬁ Sflr(ﬁgp”%lL%l 6) preferentially am noacyl ates the nml RNA

wi th O netihy] - I ﬁsld“iﬁubtf‘atéﬁﬁvﬁiﬂt} oPfthabl}§l £Rinb a?ﬁi@.s the nt RNAYA, to
recogni ze an anber colon. 25 [1001 I n another preferred enbodi rrent t he

i nventi on [Fhicl Llﬂglsrea]ﬁ'r' 1IIuEtrat¢a asmlwt:eofummsrhl argioopeidsi ng a Nt RNAT' "' A and an
SS12- Tyr Ri,? vvhﬁr hﬁi 12 T¥r R%{ ﬁtef ere | ally . am noacyl ates the nt RNAT
a with L-37¢8b- FighretA yiag i a ﬂPﬁ& dSel | ‘uses the mRNA

to reqggnizg agr ma;&a%es &dﬂdﬁﬁdnaﬁaque%ee R&mﬁl(%ﬂ)uﬁ{m foRNA and O RS
nol ecul es ‘ar'e described in the 30 Exanples. 9 0CT 7105 W QIti5 9Z3

PCTJ UMZliﬁmmmmmtemm:?aWOWMmml am noaevl -t RNA synt het ase

pairs [1 An..ort onal sed .of a t RNA, e.g., a suppressor
PR o i78ie e fUERGRviost 3 bips R REE REREE 7 wsbRectoniid APt i o not

acyl ated hysendq SilluSi ehRERE Mttrﬁliﬁﬁ@%bbﬁn@ﬁar?%ggﬂitﬁﬁs% geLiect or

col on, as descrl ed above. The O RS 5 recogni Zes the Gt13NA e.g., with an

ext ended aiueutmﬁu@htlitbbpspeamaﬂf mmtﬁawmw o@mamwdvat es the OtRNA with

o0 28 3k, SR D SRR Bl AR i 1 o

unnatural ﬂLams_no aci ds using different codons. [103] The O tNA and the O RS
can be natur al ll%/ occurring or can be derived b mutation of a naturally
occur ri ng [FHNA Egarect3 Iﬂgﬂﬂﬂimﬁhaﬁwﬁhtmi}f‘fﬂﬁﬂuﬁg&ﬁﬁ@mﬁ anglpgsh are descri bed

under sour, r| 0 and .O-RS are
derived fr[gﬁnsa&n ?‘é‘%%‘t ﬁﬁgm% gan L{ﬁcm{m{oa%%?ﬁ “@%@%‘Pﬁ@'ﬁ% ﬁ%“‘“&%t RNA i s
derived frjem qngmtetnsaluhsmtamursmm@l@ﬁfmtoah?hmammhwnwcurrI ng t RNA
froma first organismand the O RS is derived fromnaturally occurring or

nut at @8 nd80k al gﬂl@cﬁlﬁlﬁﬁt%ﬂm’ﬁﬂwg@@@&ﬁﬁ? OES- or gani sm [104] Met hods
d b
(deriving, Sﬁm %‘.gﬁ% 2731?1{1%%(#]:9 ﬁn&@&g%@%ﬂfﬂ@%e&e&@ on f?ﬁ'ﬂﬁﬁgga %{ Isbteg €

used in the ‘conpdsitions an ein 1on are’ a

United Stgsrs FiadriB idpstatesd biogyrbedticabhdipe for producer glvbdshis] anio
Conpositions for the production of orthogonal tRNA-tkNA synthetase pairs,
(Attorney agilsket nunber 54- 20 000130US by Schultz et al) filed concurrently

with the '{Eﬂt a%gmy lﬁﬁéﬂ'a?& a H}El}dan%ﬁHﬁleammu a!ﬁds, e.z., as used in a cellular

25  uptake study. Any or all of the above figures are schematic in nature,
DETAILED DESCRIPTION

IN GENERAI

[B4] The present invention provides compositions and methods for augmenting the

protein biosynthetic machinery of a cell to accommodate additicnal genetically encoded
30  amino acids using orthogonal tRNA/amincacy! tRNA synthetase (O-tRNA/Q-RS) pairs.

The compaositions and methods described here can be used with unnatural arino acids,

e.g., providing novel spectroscopic, chemical or structural propetties to proteins using any
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of which is incorporated in its entirety. [105] |lese nmethods sol ve the

probl enms di scussed in the background section for the other strat1qgh§§ E[ﬂi‘uat
were attenpted to generate -orthogonal tRNA/RS pairs. Specifically, =t?1e e
met hods i ngl ude: §2§) generating a library of tRNAs derived fromat |east one
tRNA 25 f UW8TFst organism (b) negatively sel ecting thBCTAUSPZUIZY6S of

t RNAs that are am noacyl ated by an am noacyl -t RNA synt hetase (RS) froma
second or gani wide Arayhd sidelkheme e T invetfon ik applidableltb both goRaRbeNTe.d her eby
providing a pool off tRNAs; c) selecting the pool of tRNAs tfor npenbers that
ar e ar ni noBEyackariag Apsheashacteriabandcadragyoin s nxeass mangnadjan, plaat. epinsettbvi di ng

ecoon zesc % o SRttt e s B st o E s bebBRE TR AR S ¢ o

t he secondufi:Gani Sinandids ¥idveRitn eoddm)| £.¥., siFproacs| Rive Bafycddbs, GhBRheThe
met hod al so includes: (d) generating a |ibrary of nutant Rs derived from at

| eiast dhe liﬁm Twar@yﬂntiqn?alsnsgmriﬁéa E@@iqﬁmlﬂmwﬂﬂﬁﬂr@ﬁ@ﬂ@dﬂ&?@dt@/@# f
ting t ' WO 021085923 USQ2/ 1245
o "0 ot e ) R A FRAE SR SRS 2,

in the preseRes GhindRkcids feb Piatin® BireQlyaf ligimn@lla pRadides dewaBhis Gorabidies
t hereby providing a pool of "active RSs; and, (f) negatively selecting the

pool for aefprewirey gehiglar function and ran Yegd o the goagticn & rrplginstwitheenbancede

r ecombi nant RNA j h n f the unnatural amno 5 acid, thereby
provi di ng PW%@F%%&EDB%JQ@%%#%@SOt 1AIO-RS pair, where the at |east one

specific O-tRNAIO-RS pair conprises at |east one reconbinant O-RS that is
speci fige f DEFINIEIONS8at ural am no acid and the at | east one reconbi nant

O t RNA [1(5&% One strat eg% for generating an orthogonal pair invalves
gener at i ngl8%dt a i Fagteins g o Prieip Seqiienetsite nRaTaRiogRlse hed ey afRNA or

0-R& 10 11 | it t het
pair invol ‘\%Iiveai %@@?ﬁg%ﬁ%? fgﬁ%}g‘%&@%m%t ﬁgétg@gg atli#ﬂ,ﬂ ngan,éé(’n = ase

i mpor.ti ng Binpi&rly, hudec acids hed/or sucleic acid eeueacargahsmlogoiowhdicthephagt cel | .
The properties of the hetero| ogous synthetase candidate jnclude, e.g., that
it does nofemsdr jLiaHy opgaificially; frompgcomipen enqestsl gyelers acid gnucieproacid

het er o090 | ' : S Y by any
nost el |~ REET P SEUAAp Sl MONEG opfling lblic pesa oo BPITRUB SR ™Y o

t he het er ohvxjiabile midthifeniesis mathiddag dmaldet enealrimdre s¢lecot todbyin tWikdnexpaessdd] 08)

Usi ng the net hods descri bed hgrei n and jn Unjted States Patent applriélfcation
Serial  Nothis mutagerized nuglais, acid encniletn RPYRFRYASFOMMSISING NS OF HRATE HFRAR

or t hogonal : : LTS t kel 013 by
Schultz et mgf § 5% t e‘ﬁ%%l?’gbg% scoﬁpﬂgﬁgﬂl&é’ gc?gh{)bg'lmrlgggem F@g a O@%ﬁdg?@

evol ved t ocalenethatebyahidgigpoed or more staRbfdd sapwihb etid $e ileaesdtiddmtitapbgreess

desired. characteristic, .e.g., .,that ¢ preferenti all arni noacyl at e an
05T Rty 1 WA ole S el fered b R oeed AR De e dng o ke
reference # ' : ' k @l ; ) k h1t O
proteins i%&J?ﬁ%g&ﬁgrﬂtﬁﬁ’t&ﬁ(u%ﬁ@&%s?&%@?’g%ﬂdflﬁg strpg%ﬂelgﬁggﬁ%ﬂatg be
devel oped bawe@bsdgnemiep drahisorsabl i eatabdishing haviotbgyivaneesith nsenucleis edid andr

codons as we| .1, .provjding. an jtional basis of and for ta sis. That
s, a synt FOLILB ISHe. B DU $5cis 7 sPaPeas St sutaely el GBS an
or t hogonal péRNAs L NAligHef GABRICE Squen&diRN by, £8900%, 40%, RBANEO%, F09 &%, tO the

| oadi ng of an unnatural am no acid as described throughout.
25 90%, 95% or 99% or more can also be used to establish homology. Methods for

determining sequence similarity percentages (e.g., BLASTP and BLASTN using default
parameters) are described herein and are gengrally available.
[86] Orthoponal; As used herein, the term “orthogonal™ refers to a molecule {e.g., an
orthogonal tRNA (O-tRNA) and/or an orthogonal aminoacyl tRNA synthetase (O-RS))
30 thatis used with reduced efficiency by a system of interest {e.g., a translational system,
¢.g., e cell). Orthogonal refers to the inability'ur reduced efficiency, .g., less than 20 %
efficient, less than 10 % efficient, iess than 5 % efficient, or e.g., less than 1% efficient, of
an orthogonal {RNA andfor orthogonal RS te function in the translation system of interest.
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Production or orthogonal am rnoacyl tRNA synthetases (0-RS ) 30 [110]

Met hods for producing an O-RS are based on generating a pool of nbtanf %
synthetases fromthe framework of a wild-type synthetase, and then selecting
for mut at eWO RE8&BAsed on their specificity for an unnat ur aPCEBSHHI2ET d
relative to the comon twenty. To isolate such a synthctase, the selection
net hods of B aRPRS BMbrthatHAl (RAA 34 8 traﬁiliﬁcﬁﬁsg%te& & iftefes? 8RN 0AEY 1484 Bn £ 923

PCT/ US02Jt 246 sensttive, as the activity of desired synthetases fromthe
initial rotmddgeroas Rifeofl somangtagion pstepayf intenestowitls resured ¢4 ¢ven zexprefiitiency. si nce

ounds. —arhen sagaEinapinosS a3 eRnbarh e A by B¢ nePEERinirat ur a
am no aci da%_uﬂ{&%i%%@?ﬁﬂ%éoﬁal@@ﬁﬁﬁcﬂﬂte@ﬁiﬁ'@iﬂﬂ&ﬁhmﬁr{ﬂﬂﬂpﬁ%é t RNA

synt het ase incl ude tating = the synthetase, €.g., at the active site in the
synt het3as etraratatiph eyssetntof ingeresichishn reshaced erevien zetoeffisipntih et esropared todi f f er ent

sites by conbining. different donai of synt het ase or the Iike, and
appl yi ng ﬂ’é‘l"'@&‘%ﬁ‘?‘g _%@E@Eﬂ'}?%;@gﬁ%ﬁwfr%ﬂﬂﬁmuﬁﬁ-ch i's based on the
conbi nat i opg7pf H%fe@&ﬁia‘llb:‘é%iﬁ@icgﬁiésﬁ)?hé Qﬂdno??ﬁcﬁ){ﬁﬁlynﬁﬁﬁibh%@aé?" fRfedrd hn 1D

the positive serectron, suppression 10 of the selector codon Introduced at a
nonessent i efficizgasy oi, e1g(,ehoutf 7%pdicitny ebom 7 &b efidientsaboue$i® efficientr showe under

iti ' .th f both .nat . and t I
B o aci 0% el Ru Th e Dientior Bhanoe g Rebee ey ichge GRS
or t hoggpal am BRI S OLIENA Wimnear&maﬁaman?ﬁa hﬁi@'cnﬁ?aféﬂ@@h Hﬁ@&mgﬁocguce i d.

In the negative 'sel[ection, suppress ion of a selector codon in at a
nonessent i RN A osithitmg(mitendl wedrgzmierate he OiiN&r Thenowetmra pntineacid esthai t h

natural am no acid, specificities. Survivors. of, .negative and positive
el oo | on BRTTHRHE ARbEnuELE prisPertin e tieh TEeREr B2, of Bes R bt
suppressor ?Sfﬁ@ﬁid{\éﬁc? ggfﬁ‘ alvidh 3tle@d? M?&tcﬁe'&é}l than dERS BOBVEHILRhAPRS aGknt hen

be subjected to fur nut agenesi s, e.g., DNA shuffling or otHer recursive
mut agenesi slectertchdoms at g&ater fHah2bolHE)% efirciengy dor agitvem sel&Ssr aradon et gyesanar at ed

usi ng various nut nesi s techni ques _known.in the art. For, ex e, the
mut At SRosPER AP ST S B [ 2o SR EPRO, ft P8 EHHE R SRR IR PO

mut at i ons,efhgﬁm)ogﬂldzi\r@p@[ggm%&wn, chimeric construction or thelike.
[113] The positi've selection step ctn include, e.g., introducing a positive

sel ecti on [BB] nef#lestor andgn; Tawm teant Tseleotar codmyirsfemtoaodenmercagnitddey th&€- and
the librar mytant RSs into a . pluralit, f cells, wherein the positive
sel ection M’&é‘}%cﬂ?ﬂ#g%PW%@&QW%W_@”@E%%@?%?“ e%‘%@ﬁ‘?ﬂusé. A ﬂ'ﬂ: (g'nber
codon; gr oiiNWg ahiiGodBh W debda®fes §6d deteckdt olbn Bh BROARKN DhndinebipBrddsQly agent ;

selecting cells that survive in the presence of the selection agent by
suppr é€dsi ngninbacidae.gl, easmnanel swirecacd, a¢ ddositd in thdpolppagitidey Scleetoe codans

mar ker, thereb rovi ding a subset of 30 positively selected cells that
contai ns @ 15%35%@«5@6‘?% ﬁﬂ‘?‘?{ﬁt Slﬁ"‘é‘@. St‘gﬁa‘fq H‘Etl‘"i'g//: ”Petﬁeé Ué@‘?-é‘&ﬂﬂg# agent
concent r at Lxan &35 ¥aveiHask c&d?:i’:éﬂcoﬁﬁﬁs db?l\ﬁll'\ﬁ@%l hﬁ‘bﬂiﬁb@gfﬂ l%ghaﬁﬁrﬂl_ HalE h—ﬁ%ea"de' g.,

i ntroduci ng a negative sel ection narker p active tant R Ss
from the pbeilikevEosegirer syatethm stlector ogdan canyalsd inchideonobf the mbualribiresr gani sm

wherein the negative selection marker is an anti biotjc.resjstance ne, 27
ase cg&ns, wherem tﬁc endogenous system &es not nse saj naturals tlhre.ﬂ ase caton, :

25  e.g. asystem that is lacking a tRNA that recognizes the natural three base codon or a
gystemn wherein the natural three base codon is a rare codon.
[89] Suppressor tRNA: A suppressor tRNA is a tRNA that alters the reading of a
messenger RNA {(mRNA) in a given translation system. A suppressor tRINA can read
through, e.g., 2 stop codon, a four base codon, or a rare codon.

30 [90] Translation system: The term “translation system™ refers to the components

necessary to incorporate a naturally occurring amino acid into a growing polypeptide
chain (protein), Components of a translation s.yst.ﬂm can include, e.g., ribosomes, t(RNAs,
synthetases, mRNA and the like, The components of the present invention can be added

to a translation system, in vivo or in vitre. A translation system can be a cell, either
22



WO 02J095923 PCT/ US02/ 42465 e.g., a chl oranpheni col acetyl tran sferase
(CAT) gene, conprising at |east one selector codon; and, selectih®yCellis
that survive in a | st nmedia supp] enented wi th tht unnatural am no acid
and a selection agent, but fail to survive in a 2nd nmedi a not suppl enented
with the WYB¥WE®S arnino acid and the sel ection agent, theEBESAZMESII ng
surviving cells with 5 the at ]Past one reconbinant O RS. Optionally, the
concentrat | . S ct agfe,ﬂlF:af' VAL 1ddm ft ection
can be basggﬁgﬁjngg’@ "e@s'?’oér*fmo “é se ecvta 6F % 'bl%ﬁﬂ E}s% a poé]?%'@gﬁtsdé\l(ﬁgéti on
mar ker, e.cgl., . a chloranphenicol acetyltransfene (CAT) gene conprising a

sel ector c n,_e.qg., an_anber stop.codon, in the CAT gene, s o that

chl or anpheﬁﬂgol Usa; “w:i@d”ﬁ@ﬁ'?‘ﬁt“v BEter \ grnadyr Haﬁ'fdes“%{‘}ﬁé? I n
addi ti on, arﬁﬁl n : LIl ker ive
mar ker as é@gcrl Eeagﬁ!éﬁl&ﬁﬁfﬁdgﬁpﬁgﬁrgrdg@lggﬁéﬁ@ﬁgﬁg&ﬁ%’g%]%% Eﬁg#l%&r%g’tq%?gﬁgg@ﬁ no
aci d., 3pt hamallylocyurritpemiiblacidse selenpeyseing a sel ector codon is used for
Ehe positive_selection and a negative sel ection marker, Xi C

. ker, e.g., ato
mar ker, subflasUnlespathamasqesfnee dessipey bslow in the remaiader fribe sRechinegionadllect or
codon s, I yanHIQG,L ggeﬁ%ﬁc %ﬁﬁ?ﬁéed‘ﬁ%r&éhﬁ@ thié Eél'ﬁ’?mcgnii'iégl FJIQ:E’]OB I tiove
sel ecti on can al'so BC bas(--d ON suppression of a sefector codon at a
nonessent indekstpadhy ihokd o driidafeskid Lrewhis artas evhishithe invetnciebelongs. cel | s

anpicillin resi stant; and a negative selection using the ribonucl ease
bamase as the n ivc marker is use& In contrast to P- Lac tamase, which i
S secretedlﬂggbggaémﬁerip] as m CAT | wali zes i n the 2G . ~Ytoplasm
noreoYer, ampicillin is bacteiiacidal, while chloranphenicol is

a0t 1165 9. iy eI 650 bt il QuFPRER AR At ot od and

sel ect ed. on e e i ment, t one
r econbi nangh@oiyndgenahd aisidnoainkl trilSducion dud ehaimen(le fegporse.allhéser t her cc

npri se: (d) isolating the at | east one ntonbin ant QRS; _(e) generating a
secand et COPDlgR funcEnseselt B ARRIVATSR PRV PUYILONSTHNE DTSVGRN RBACY 25

RS; and, : Y SRSark | ed ORS is obtained that
conpri sesl\/l?‘alnmé;@?lﬁ?%ﬁtbo pr e@g‘?@rﬁﬁ %ﬁ&@hﬂﬁ%@g e the O-tRNA, Optionally,
st eps (dHf }944r eThepreadre thvengomincluaes inetwils albedmpositidni e ase inrtho sie-spepdet |

t he socond, set of. riqutated O-RS c be gencrated by nutageriesis, e.&

r andoﬂfﬁut Higemagtion of PF@IQ@EW@C%tdggef?bémt%vmt%wwm R RATTEGHY ghe

conbi natio : B i 3 ]

Met hods fo?m%i?% ucrplﬂgggarlgg%%itﬁgﬁgcggﬁ%gﬁﬂ '{%?m%]%kﬁ; a%géli)[?[%vﬁfded in
Uni ted St athesoRatei20 apjabiacialsi The Sesemlindation, e g.§ (i} aBowi Metshedsleatice or
Conmpositions 28 1 O OCT 2 005 WO 02/085923 PCT/ US02/ 12465 faqr. th roducti on
of ort hogoFRRACKAREEFGINGT Q0 Of Ve, WRnaiyral ynino a(:‘ﬁélabﬂié@es R%?‘tl%ﬁg@% 54- 0001
QUS, by Sc : : . oY > j RNA

i ncl ude:,__.(gib%ééén[g? gtaakh}écayﬁlﬁ%%rogﬂre %g?‘%ﬂﬁ%?ﬁl%gﬁ&g CS%{?@ESH é@ggrﬁla‘% east one
t RNA, A g. studies apprassprotdiBNA adfitiomtathiei geserabormoblardesmantitds ofquaificdel y

| ti the lib for. mut t t RNAs t hat 1 | at b
i noacy! - e Bt pnead vl ke ratromebmine BRulh Bie W EH LBNeHIEabt o RS
from the LhfidlacRldaeipiiteink RPVOBYTRY iAVErfichréviBaonRiostidha Bha bR and. (©)

sel ecting the poo
useful for in vivo site specific incorporation of unnatural amino acids. Specifically, the

invention provides translation systems, e.g., cells, that include an orthogonal tRNA (O-

25 tRNA), an orthogenal aminoacyl tRNA synthetase {O-RS), and an vnnatural amino acid,
where the O-RS aminoacylates the O-tRNA with the unnatural amino acid, and the cell
uses the components to incorporate the unnatural amine acid into a growing polypeptide
chain.

[951 The invention further provides methods for in vivo site-specific incorporation of

30  unnamral amino acids using the translation systefns of the invention. The invention also
provides proteins produced by the methods of the invention, The claimed proteins include

unnatural amino acics.
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of nmutant tRNAs for menbers that are am noacyl ated by an introduced
orthogonal RS (0- RS), thereby providing at | east one reconbi nant -t RNA;
wherein the at |east one 10 reconbinant O tRNA recogni zes a sel ectidr (Ebtldh
and i s notwefdogsemcy recogni zed by the RS fromthe secondeorgaibgasand is
preferentially arnin oac ylated by the 0-RS. In one enbodinent, the

reconbi na t es.an _Lnprovenent of or.t.hogonality. For
exanple. 186 P PRRRERRE And ekt O B Whlerfion Sfifie B Batdcbl R LT
affinity tRowaranidostssiries shithetafe(ORSHaE. iAaidédange Rah b&Rse@f witggat i ve
and positive 15 selections with a nmutant suppressor t library in the

absence aritie frllogdng progettichdhe Eodiidh ds pipfarenstallyamineasylated wish gn ubmatutab

o S S phifdy s BERS ST ARRASGE R pfogon b iiods T Bl FirsRliofVnen
nmenber 50f gybemmBitifdeadt, efENAhé Bisiton Ssi@m usee e\l alutAives Baat ococcus

jannaschii, is am noacléldﬂat ed by en dogeno us host, e.g., Escherichia cods
synt het asegnifpacylated @-tRNA to inovrporatthibg enaaturad amin #dd into e pglypeflidehahaich i a

coti'synthetases)., the selecior cadon, e.qg. a r_codon, iS§ suppressed
and tha 1 QRPEbTREN BroES R Bl Re SR Hoak Gt e RN ime SRR} £ SIRSHEOr g
or t hogonalgohfiyASy Of stBP BoddH) &l the RRRNKRINGE 2SheF WicMRoteRlT Vi VOr S are then

subj ected to a positive selection in which a selector codon, e.g.. an anber

codon, i s [f¥hcdud ong empogdisednt, the OnRiké is dratved fonyga Tyr-#RY¥AVfremsi st ance gene,
wth 20odRdrEmocadeg et b B bR APRa i dbe CaOHR e Rl

am nocyl S ED ERNAR S AT BTN R RChE T BOAGhabiR Lol i i o
RS, or BRSSP hag S o BBl el R 1P P ereat are
sensi ti ve dompldreerdantyipolywcientidseinenceftbrrecf. t RNAs that: (1) are not

substrates for .endogenqus. host,.e.q., Escherjchia colt, . synt ses; (ii)
can be ar ?[Pﬁoacli?lsﬁ'f“g& i'ﬂf@"%%@ﬁ g"i"&%"%ftﬁ‘? hfcg# é%‘ﬁ*’:“"&ﬁém@%/ &Fﬁ&@m a

funct iygnal gs. |:afl i E‘feﬁ'eﬁ 1 . RS id SR :

02/ 0853%23 %ﬁ%ﬁ%é%@ﬁFTgllynglr%rl es g rruitngﬁ'!t}g’ htg%N%Sellge constlé\?ﬁl(.:%uéd.
Mut at i on& asamitiye TyiRE GHWIAE) ot S2 B PefiH iIna foohert dmbodimynt, thed)-RSainclades a
nonconservative position(s),.or at a conseryvative sition, at a.random zed
posi 11 on rbypeptle e ahThbe il Sniiti of apinspPde coBniing snafigee L. o,
an antic nkEQ&ecté&‘rﬁHﬂm?rdu%%?si%ﬁ STSBQ 6 NOCHIRE ARl hfﬁ:ﬁly?%%ﬁc&‘)ps or

all | oops. Chi nmeric libraries o RNA are :dso included i present

i nvent i on.entodegttoud nudbsc adtdedmptibiag al gobynucketide fequiive slectdddias ¢y groom

vari oys or.gani sm (£ ey gani sms _such as .eubacteria or arch
nebactlr | arusane o SPRTINL A SR ot ke s e bt o o
S. Patent 1bgy  qn33réreRSd eiBodingint, ihEhvattionIndudEdCRichbRchia clizen 3 16 to
Schal |enberger et a]; U S ~ Patent No. 5,783,431 to Petersen et a]; U.S.
Pat ent No,commpBiRihg4SmtRN AT aid ® mzand TyrR 1 (L W16 Pathertin fe. mudnOfyrRS672 to S
hart at a]), are option al’Ty constructed and screened for orthogonal pairs.
[ 122] For (exenmeh mefﬂ&ﬂﬁllmhﬁnﬁ?tmtm@%mm%LMﬁ P-iethyMLLiedsifeRNfR t hat
are am noacyl ated by an am noacyl -t RNA synthetase can I nclude: introducing

a toxic ngelend :mﬂw,uswrherzﬁiﬂmagﬂ%&utre&@nﬁzerwdﬁﬂima@mﬁl,cormr! ses at |east on
a of the selector codons and the 15 library & nutant tRNAs into a plurality

of cebkbs L0 tIhansweondfepredanitmdimanthe fnleftds NGludes wAEYEMGichRl colisellwher ei n
the survivin g cells contain the pool of mutant tRNAs cGipri sin g at |east
one ort hogemgtisin@AMERNAGHS arban BHE-TyNA wirorin dheabpl 22 TyRdepretorergiabiyr ker
gene

aminoacylates the miRNAD), with L-3-(2-naphthyl)alanine in: the cell and the cell uses

the mtRNAZ), torecognize an amber codon.

[101] Sequences of exemplary O-tRNA and O-RS molecules are described in the
30 Examples. o



is a ribonucl ease barnase gene, wherein the ribonucl ease barn ast geric
cornpriaes at | e ast one anber codon. Optionally, the ribonucleiﬁﬁgﬁaﬁﬂﬁse
gene can include two or nore 20 anmber codons, The surviving eel 13
selected, e. _g., by usin a conparison. ratio cc] | density assay. (1231 In
anot her ex%ﬁ@“sgé ecting the pool of nutant tRNAs for nenBETIS0NEMGHr e
arni noacylated by an i n troduced orthogon a] RS (0-RS) can include:

i ntroduci ng a posi@tikBgomtRNA M1 (REKHondERAInodCALGINY SPRIResE Pk

sel ection marker gone coOnprises a drug gene, P- 1

€. 0.,
act arnase | e R . C e [ﬁ_qgﬁg e.g., a
P-1 act ams&ﬂ%annccdg{#g}F{’iﬁ?hggﬁéﬁnhe@gté& gﬁge&ﬁgon%‘eﬁr&?f%bé 5‘»@’%&%‘" he 'R S, an d
the pool  DameshianRNARNWAheilike! mdeanpDRA| TheyQaRNFeis mot heydaed be esdmendu:or gani
sm and, selecting survivi s grown in the presence of a_sel ection

[
agent, e. #ynthetasesand islﬁ“ﬁﬂhrll%?F @e‘-’f‘Féfi'@B;? selertow catay 2a depstbetbabavel Tae fbBSessi ng

the at 4 ea r i t , ] i . IS
am noacéyl afeggﬁggesttﬁg%@@,% '?&mrag\é@ggﬁrﬁgéed]?%d%g%%?%ﬁg?@%%ﬁ ?ghﬁl‘f‘ﬁ ng
transl at i oampioachlats ie-oRINA With i enfedsial ammor@ick EThegiRelopinent G@SnpltpRe- to

the at | east_ one selector codons. In_another enbodi pent, the concentration
of the sel eBbeaonaliBd/sydhetase; nagrs camaliothe Bimeltanecpnmsomposinsed mitipae

net hods ar Eﬁ%@ﬁ%fﬂ?ia&d&angﬁﬁ?&gﬁ%?e(\[{lﬁ%ti on. 30 1 9 OCT 2005 WO 02/ N5923

PCT/ US02/ 1 he strifigency sel ection steps, e.g., the
positive sE0at ThaOsiRNA aivd ther@ERR tanthe lelly berursfiee ch bedderivédiey posi ti ve
and negﬂati ve selection steps, in the above described- nethods, optionally

i ncl ud® vampratignohe naBrdbt (SR R Ard/or R froax awpIey obeEanises. whchae i s
g” extrenely c[g'ﬂéd (ndit & Lﬁ‘!:&’angmﬁ?@:[iﬂ S ¥nfth té‘ﬂ&at‘t)!tﬁﬁf £S5l CaN be
control l ed by 1 ntroducing different nunbers of sélector codons Tnto the

bar nase gederivedrfrordaelcast pae brgphiskh dnphethentmbodigrhi, ¢, QTR Asisderdgedfiymi S
vari ed because the desjred acti%{i ty .can be low during early rounds. Thus,

| ess string@Avrally| asermg oF Fidtaled nathrallyaspemiag (RNAekipmyp firslrrganismiad i
stringent @rps§ adivel ?mﬁgﬂthﬁﬁé'oﬂcdrﬁhg Blro ﬁ&%&fnﬁﬁmﬁﬁﬁﬁiﬁﬁﬁg RSlamk sEXG"

types of selections can be used int resent 1nve r generating,
e.g., 130 ergRE:zmO t RNA, and O-tRNAIO RS pairs. For exanple, the positive

l'ection step, ti Lection st both th Lt 1d
negat i ve s g Mt diRng, i sreeiing o ShragoI QXK Nih &T-BSnahEAdRor t er
| s detect eg? B¥edfih W&%%@ﬁﬁh?ﬁﬁ# MRieds Sﬁﬁlh iUnlibf dre( TRk cribdaQUniHRES. @

positive selection can’'be done first w a positive selection marker, e.g.,
chl or anpheRatemd 2pabiedtiontSeankiNer ase_ ((CATjitlekielethole eed CompGAiiowgdoettmonpri ses a

selector 1 5 codon,, e.qg., nber..stop, col on, in.the CAT gene, which
Fol lowed bprauasn oz BRRRORNE b 8lnciste prirs"d Apay QORTAGIORRKE i 1y 1o
suppr apsEl - i LRk e A

PP €3¢ 09(&16399‘5%:9@%%@ Q%ﬁlﬁ%ﬁﬁd%uc&%ﬂ? with' Bk fnsth aﬁ’ﬁﬁ:‘aﬂ%bﬁﬂﬁe Wsélh%lﬁ-g

negati ve.mar ker, e. pol ymerase“gene. |n one odi ment,
posi tive sef whichdninmempkestzdandtstehtiratiegat i ve sel ection marker can be found on

t he same v M. €.0. . asm d. Expressjon of, .the negative marker dri vas
expr essi onF@%?Z@?%g"%%FP@F,m%P@B[m&r Fhis§adip ]?,3@ oy Fﬁnﬁn? AR5, The
stri ngencyﬁﬁfér §tﬂ?e$§s| RAWQE 288 Hp1e8 ¢ SERrAEBrtRSzoNA! IROA/RE fhirs. BPScitiBARNSI Ly

of the light needto fluorescence the reporter  can be varied. |In andther
enbodi nent these pediods inglusle] (o gérenatiigrs IBwagodfdRiNAshlea vedromt adteagkone (RPESI ti ve

| ect ] k whi ch i d by .FAGs,..fol | i
s6l ectton HBfm vt g BREESHARsthune Meterio, B BOY R 8E%S sel ect or
codon(s), &mbhoacyl¥ved 8% affBirtnoad?]- RN efithé@aS(RY) FRina fecdadatgmprimiker, €. 9.,

barnase gene. [126] tionally, the reporter is displayed on a cell surface,
on a ph agebsaneenfaRPFropnbe first organism, thereby providing a pool of tRNAs; {c} selecting

the pool of tRNAs for members that are aminoacylated by an introduced orthogonal RS

{O-RS), thereby providing at least one recombinant O-tRNA. The at least one

30  recombinant O-tRNA recognizes a selector codon and is not efficiency recognized by the
RS from the second organism and is preferentially aminoacylated by the O-RS. The
method also includes: {d} generating a library of mutant RSs derived from at least one

aminoacyl-tRNA synthetase (RS) from a third organism; (e) selecting the library of R8s

25



| i ke. Cell-surface display, e.g., the OmpA-based cell-surface display
system relies on the -expression of a particular epitope, e.g., 1& ECT 1005
poliovirus C3 Peptide fused to an outer nenbrane porin O npA, on the
surface of WPOHRVESEherichia coli cell. The epitope is 30 di SBCHY&R M6 he
cell surface only when a selector colon in the protein nessage is

suppr esse | t aYa | 1 L L LBNDS; anm no
acid recﬁaﬂ%g@gﬁ;ﬁﬁﬁfg% ntﬁ Elé}’ %ﬁaﬂ%ﬁ gé%ﬁ%%gc%? %R%%csyﬁ{hﬁg?gses [ lrtfttp ﬁe
library, gmekehireoical innanoadtaiing agdiahe amaturdspdnolizid, thynrbh ptaddingapectsin be
isolated with antibqdjes raised  against peptides containipg specific

unnat ur al HSHW@S&@{"&S&} negatively Aelsdl %thE@PBI-‘gEF?tH'@é{%‘hW"B . $3 1 9 OCT

2005 PCT/ ' m _ﬁ@ggl* L 1] VarfSTRQr 9 et
at. as an aﬁ%ﬁ%&?ﬁ?@%@t&gﬂ% 53% |sé|lo\ﬁ§§/. eelf,? rﬁ%ﬁg?@%@&%ﬂu@l 'rrpgel |,
R, | v8r sanid, Berdhy poGaarayhe ut lef3t oRe eptifid OARMAIO-RE pairewhemnale: stdédsyahed
cell sorting .of Escherichia.coil expressing a f nctiopai_antibody fragnment
on the extSRHAr OSTRYARipais compmsehalgassone f“ﬁ!ﬂhmﬂiéfﬂﬁl tisspogific fer [127]
The sel ecty At ' | PN Jhe sel ected
conponent ,thg%ﬁ?ﬁggynt Eea?gcf;@d;lﬁ%?@%ﬂttEﬂ&f&%ﬁlﬁn}aﬁgﬁ-lggﬁ.m roduced into a cell
for use iMl06] \Onecstiareyrbog@icraing anfortiogoml phiv ialol wgigenecrath g mubow libgriand

|l ost Organisns [ 1281 The orthogonal tRNA-RS pair, ‘e.g., derived from at

| east a fifFayp wilke (g screep @ndir seled g LrtBMAR QRS east 1 wo sour ce or gani sns,

whi ch t h ' : \ | t
or Ig;n iigﬁg ,[?g?lg £ S%%gg gg%tgg%?%'%ﬁ%ﬁqtm gﬁ'g nﬁlﬁ?@ ?‘ Ez%%ﬁgntggtc Oﬁ%&fr igtr"'alg%? sns of
t he met hodspoftirizhehamrokeots iRNahYhiharcapail e.g Hmpsaing Dpaicirbfremetter, el g, one

enbodi ment, the first, organismis a prokaryotic organism e.qg.,
Met hanoc o SUEePEgaEEE Hitp the, hgst ¢pdln Hisdirapsriisofithe hetaRoiacys sYHATaTM

Hal obact eri | chy |k Wl | | . rious,
P hor i eceliaERictEds, &b fndy 3 does ot ik oot S BONRSGU Wocles bET L O
first orgahe heefodogaue KAymhdidarrigaods mg. ahg it isponicyldted Py anghoplkelk pl ants
such as nonocats, or dicots), algae, protists, fungi (e. g., yeast, etc),

ani malls ( éypthetassrdlmpdiision, Higetesologpys iRt derived front thedietqrpisgpis RNA is anot her
enbodi nment | .S a prokaryotic organi sm fethunococcus

j annaschi icfﬂhk/gﬁaigﬁgggﬁtg%?gﬁ@%h#abr noaut ot rophi cum Hai obacteri um

Escher i chi[#08]o!singthemithodiudesciitaiddivesdn end inUniR:d Sthus Pasusappfcather Sdeadhi i,

A pernix. T. the rnophilus, or the like. Aternatively, the second

or gani sm d¥h —be—:a—eu'ik'é‘?‘:bgfIF'é‘ﬂ@ﬁ@%ﬁwﬂ%ﬁﬁs,fﬂbqhﬁmucéﬁﬁﬂf ?"'H?ﬁ“ﬁ_ﬂl s, or the

ke, L 128k udeR SR 2BaNE (Al Mok it SURBESS G Oy Sty &

n be
derived fromt nism or erent organisns. For ‘exanple, {RNA
can beGdernhy palrsfandraompRnents ok paiysadsisitedalgenm izsng vobvedl to ganerateadthepad er i um
such as _Met hanococcus j ¢ uaschi a%_ | obacterium NR C-|I or . a eigﬂacteri um
such as EJRN&YP¥NHhetase pajrs thyh ppssess SQ‘%E?W%“C(F&&' that ey preegentialliy same or
anot her pr, ' [ : %ﬁﬁp z@Cccus | annaschii,

Ar chaeogi ggﬁgé%égfagﬂﬁggﬁ%ﬁHﬂat#ng@tnglr%Fadm t e%qng'aut otrophi cum P. furiosus,
P. hori kodb@91. Mthcoeh discpsséd whitherefengive ite stratifdéofoa dtoorparan n ghamdasiralcimiac col |

or the like,, 30 Eukaryoti c sources n al so.be used, e.g., plapts (e g.,
conpl ex plagiE4Nte PEHCIR ‘%‘HB@'G’E‘%I?’ it 'B'ﬁﬁ'}‘f appotedated a&%‘?imﬁ’dg%’iqmgtl ; V‘F]BISIEH %( e.g.,
%’?‘EZ t 23 (23t GnoorpétiteHabtalfnido act® Rk Fonsk B8 fGdSor codbhd Y0P proRlfiglan OF the
- additional basiz of and for mutagenesis. That is, a synthetase can be modified to load a
natural amino acid onto an orthogonal tRINA that recognizes a selector codon in a manner

similar to the loading of an unnatural amino acid as described throughout.

Production of arthogonal aminoacyl tRNA synthetages (O-R8}

30  [110] Methods for producing an O-RS are based on generating a poo! of mutant
synthetases from the framework of a wild-type synthetase, and then selecting for mutated
RSs based on their specificity for an unnatural amino acid relative to the common twenty.

To isolate such a synthetase, the selection methods of the present invention are: (i)
26



1 9 OCT 2005 WD 02/ 085923 PCT/ US02/ 12465 Sel ect or Codons [130] Sel ector
colons of the present invention expand the genetic codon framewo tﬁ Ei 0%
protein biosynthetic machinery. For exanple, a selector codon in L? s?
e.g., a unique three base codon, a nonsense codon, such as a stop col on,
e.g., an aMiE¥248&¥3n, or an opal 5 codon, an unnatural codoRCTASIVEISY a
four base codon or the |ike. A nunber of selector codons can be introduced
into a des Jrhgy etc.
[ 1501 The B e o e &4y oP B sTRh s Hrh e TR 1B how Bigafe
Because onpopulative sgtalp(igtionbles, mdem desirable mnairptiicoakctiomstingaticyan, the
ot her two in principle be (0. used to ncode no eni ¢ am no

aci ds. The lgfn e@?%‘ﬁ“é&'ﬂ’t‘}‘ﬁ aNgalil) BeeTHe §%E@%‘%ﬂf'ﬂﬁp"‘fi$ﬁﬁégo%"h“‘il??tqfﬁlt ro

bi osynt het jt: Méfd?m and in Xenopus oocytes to direct the incorporation of
unnatural amno acids. Anmong the 3 stop codons, [JAGis the |east used stop
codon im E[sldl]]ar Methiods cogdner 5o areotisagoaal minnaau}d)tRNAtswauhn&s@mhmh munating al

suppressor whi ch recognize [T d i nsert a natur am no ac
addi t i on Nﬁ%ﬁ%ﬁg fhthe EV%@%HA oG ett H@f‘e‘?f’l%%%ﬂlﬂF TS ik ¢ thm

protein g%?aﬁé't%mﬁéré%]mtb@ OJE gg%% Jn‘i‘:ﬁné*@t‘ ferdsB QF W 1hlae use of

a sel ector “c is a st or t e I ncorporation of unnatural
am no aci dand applyivpz sdfetioaxaoqese, Aanat@gy BRNised, swhlglerse!matdadi theatnideaigniof es

Lnnat ur al - SpPElkation T wsl e toe TR bibg i 6 SOy VE ST u PSSR0
occur g g R D! §35ne O DTN RUPBES b S ERBR a8 ©

intro e the stop co erest 1n the protein
gene. See,cellaty suwﬁaymda' pn:‘:mvp sSettmmurr:sch Hakis¢ miemencE of buth3aturxlomdc | ease

i n phosphar ot hi oat e- bas, ol.i gonucl eot j de- di r ect ed ene Nucl ei c
Aci ds Res, ““7@&“"%‘0‘?‘1{'39‘8‘35 SN r}’r\'éﬂ@cmkﬁ“@f guli €%ﬁ’ﬁt hogopal ar e

conbi ned i g, gl-e\éﬂnr (RIS, WA naRiFaING ﬁﬁhﬂrﬂl% é.é?&ofrP@E%E ivieel nse to

the [JAG co nto give a protein containing t unnat ur al mno acid at the
speci fi ed an)gretsmom c-f{ziﬂe:]mﬂ'cmdon mﬁmﬁpomchatlmmsseumimsmah{shnf apegativels i n vivo

ol oy Batkepriowps satassERa b e ah s0Bprechiofies Fov BRDTHRG codon
depends “pﬂfﬁgf{,ﬂ@ AhelERB RELWBENs itk %?E ¥ amhdlleyladQelidige)anber

suppressor f and the rel ease factor 1 F1) (whith binds to the UAG
codon and mthagoaaless;ppretseaﬁﬂ\‘mwurhmr@tmm anynpepﬂds dalyt rldwese fathetdses carethen t he

suppr essi on tficie cy. can be nDduI at by, .&.9., either jncreasing the
cxpr east onth epuriag Bt ET g dadot Rk bR GIT G L
deficient stighh. 33 WO 02/085923 19 OCT 2005 PCT/ US02/124 5 [1341

Unnatural am no acids can al so be encoded with rare codons. For exanpl e,

when Zthe ‘@i13} nTinel: pronodmutant R¥s dan bergeneratediusing wpnouemmagmshesc}wq@acu on
i s reduced, the,r re inin odon has nto be efficient for

| psert1on oW g i Borbaipie, TRatan (R ety SPEHIC iyteneals” o g | °C
H M, W lﬁufﬁhbﬁﬁﬂaﬂd@m WinGH@Riods, hihaBRbuPREombinanti, e8metic c@h@tﬁﬂ@iﬁh%ﬂy
32:7939 (1993). I'n this case, the synthetic tRNA conpetes with the

natural | y thedilieri ng t RNAArg, which exists as a minor species in Escherichia

coll. [113] The positive selection step can include, e.g., introducing a positive selection

25  marker, e.g., an antibiotic resistance gene, or the like, and the library of mutant RSs into a
plurality of cells, wherein the positive selection marker comprises at least one selector
codon, e.g,, an amber codon; growing the plurality of cells in the presence of a selection
agent; selecting cells that survive in the presence of the selection agent by suppressing the
at least one selector codon in the positive selection marker, thereby providing a subset of

30 positively selected cells that contains the pool of active mutant RSs. Optionally, the
selection agent concentration can be varied. '
{1141 The negative selection can include, e.g., introducing a negative selection marker
with the pool of active mutant R8s from the positive selection into a plurality of cells of a

second organism, wherein the negative selection marker is an antibiotic resistance gene,
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Some organisns do not use all tnip]et codons. An unassigned codon A GA in

M crococcus |uteus has been utilized fcr insertion of am no acids;jm@n in
vitro transcription/translation extract. See, e.g.,-A K Kuwal and J. S
Qiver, NUWOOMABI9E Res., 25:4685 (1997). 10 Conponents of POBTSIBEREH

i nvention can be generated to use these rare codons in vivo. [135] Selector
codons al so_c I , fl six or
rore bage bt ruorEpbuAr RE PSRRI YRR, SUERHAT = W onoipliftor B g

UAGA,  CCWddamdintiheldctifg celthimuedvein 4 13tenddns aippaissnsed with Wekeunmagal, AGGAC,
CCCCU, CCClJ , CUAGA, CUACU, UAGEC and the |like. For exanple, in the
presence dMingagifead ageloctioanggent, bupfail 1y supyive igla Inddnedin net supplspreatedoyith RNAS,

with anti . : ' : - 4 n_| S..:4 he four
or more. bASeofpR rinp Bafk apathe ek e, Sy BB B ne A0 7 (0o
ant i codon th@©ayigase afic #LEAPRManLORS. agﬁbﬁa@t the dontdntRA6S of MeGRlec@bn ARASIs a
five-base codon, or at |east a six-base colon or nore. Since there are 256

possi bl e f¥8ded-base codons, nultiple unnatural amino acids can be encoded in

ander son 4813} ThbEoliP ekl Aloetas BELF bR SR AP Rse B Bn choa WA RMIRAT .
and Bi ol 0G¥lectid mafker, 23/ ; 24AcfagiPBenicol abefyibaniterMag _@ﬁgﬁengﬁ@ﬁﬁﬁiiﬁ@at he

Cenetic Code: Selection of Efficient Suppressors of our - base Codons and
| dent i f i caeleotr opdonshigs. ey ambspstop aedorpititwe Al ghns s¢ that shipranphenisatean n

Es. chgpi chi | i . Ma).. Biot.. 307: 755-769.(2001).., 25 [136] Methaod f
the poBsert wPROt s Bebilre fielior B awt o T A aGRINE CaTore st be MR 1
suppr essi Gath £esyiti @ mbfKeLaritseafi G€lHAckes N dEAEBE here 18- the PRBerRe ahl kbicAte
unnatural am no acids into the same protein. For exanple, four-base codons

have been of ygegumabamingoicihr@pieonatyatha (AT generprepsising 1 srlestorenden isusgdi ng i n

G "k anrer e Rotfiye SkctOH g Taepafeketection Hipchf: o foa WG bl hon W g TEOT
Hohsaka, Barri4ad i élﬁrc%m&‘;i-cs;gésdﬂilaﬁwc dilmerviselek@btodng, iVuséd for @@ nefativim  Chem

Soc., 121:34 (1999). nd AGGU were used to sinultaneously incorporate
2- napH@hylsglegtitme and an NBD derivative of lysine into streptavidin in

T ook 4F TREREH RS stipdtiel Ahfso ieHIRaTon LypHARERRT dse kit Boaoiin oo
Soc., 34 HankdsdntAPPEsitén HAhE Po9emBtel ferdalmnd elld hinbididh redi®@8) and B an in

vivo study, More et al. examned the ability of tRNALeu der.ivatives with
NCUA ant i cegasiicscleotizuppngthe rinancicogdrnamase ns thgmepeivetmarker Gused. 19),  and

]:'Jt(r)&J ingofjgﬁtc\?,lt’&?eft ﬁgi‘{#glﬁ%@n#@%gf‘g%gmﬁgd %Aﬂ%’eﬂ%ﬁgﬁﬁ {33%5%\%‘% H’ﬁat ﬁng or
S égfki'cﬁga?zajﬁ.ﬁgmr&mef,%mﬁtilxﬁ is%ﬁévﬁ?&ﬂdaicw AfelhenRoPs teRkeliad_and

| 1. Biol., 298 195 (2000). Tn one I'nment, extended
codons bag&tfjoTheaemmindon$)-BS caobsdmskeer nodtdied ané azletied ubeshe embprdanent|

i nvention, which can reduce ms sense readthroygh and .fra i ft
suppr essi W%&Bg%g}’? We‘%@g]]%aﬁ‘t‘é‘?mf%g‘]“mﬂ G %ﬁ%gﬁmm ng system
can al so ggntﬂéﬁ& (RRSYEN ReheE Sorf 'éé?ftﬁfikﬂlﬁknétﬁg 2B dnB rtdmbin e dRRK! ed

pol ypepti In a translational bypassi'ng system a large sequence 1S
i nserted i{e)tgeneragege staundisst ofanutated (3R dedlivied fionpthe tag laast ciivaessufui st -

cont ai,ps Strycture that serves.as a,cue to i ce fhe ribosone to hop
over Phe RSABND ERME SRS O ARRG) U & O R S P DR E A S BRERB ™ | 136
Al ternat i g8ty wchfrefefer@iall i da0 M akd thd CREICAS OFCRAVE sEkE ¢d)-FpsreabRbfedl O

e.g., at least about twa times, In one aspect, the second set of mutated O-RS can be

generated by mutagenesis, e.g., random mutagenesis, site-specific mutagenesis,

recombination or a combination thersof,

30 Production of orthogonal tRNA (O-tRNAs)

[118) Methaods for producing a recombinant ﬁrt]ic:—gana] {RNA {(O-tRNA) are provided in
United States Patent application Serial No. , titled “Methods and Cotnpositions
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15 incorporate an unnatural amno acid in a polypeptide, a trans-transl ation
system can be wused. ''his systemlInvolves a nolecule called t mMRNNA present

in Escherichia coli. This RNA nmolecule is structurally related 18 Hsany|
t RNA and is am noacyl ated by the alanyl synthetase.-The difference between

t TRNA and WONB/8828hat t he anticodon loop is replaced w t hPEEBREEi2ad5 | ar ge

sequence. This sequence allows the ribosone to resune 20 transl ation on

sequences . . S0 Yafrt & pthin the
e R e IR S A
gener at ed h&0013085pbeSendtatal)l y am noacyl ated with an orthogonal

synt het ase ded with an unnatuyral _am .acid. By transcri.ping gene
usi ng the Qﬁ@fﬁ%ﬁ%ﬂ%@@gﬂﬁga&%ﬂp@n% %‘Rﬁ‘géﬁ‘ﬁ‘?‘?"é (aSiﬁEE‘?m’cl%a hﬁﬁéﬁ Eifal

am no aci de Sk [ efgt [ ' S £ usi ng

t he sequengg&g%%%%%ﬁm% Egk%)sr%tﬁ gé%lﬁ‘taif ngg %NAﬂﬁér[ééfgggmg‘g’l fé%r[;ﬁc?rf“(g:gdons

opti ond | yoigacikmcléb) nogaivelyadeldoting thedibrary fdhmeantRdAsithat alsasdnogagdates] Bywr t her

expand the existin eticg al ef. One extra hase pair increases,the
nunmber of 2% ?‘Bll“@?“}’g' e'rlﬁlssyfi&l??ﬁsgzﬁgbﬁ?‘?ﬁ? SEF’?"@p@EFW% l%ﬁ’etar'i"ﬁ?‘ﬂaﬁgéé{ VRS

i ncl ude stghlee, sel 1 L Lyl [ATY S I

| ncor por at ST SEETISR it FrogRfe B Bpe T Bl U nck RS AL the ppol

ef ficient ofontismuBN A fonarendetsthsi o amitcecylsipdtbyaaiisrafuctherthamaeRS (O-

adapt odf ORI BT A ST BFRTPAEIHBNG: Gelert gl et o6 An
unnat uygal nai.re f i . QAL ] : . Lk 2i n,
Nat ar e Bi o eoRaaT hey (Kb BHORAY it Lt oL RS e A T

l'i st'ed bel R frodbtheEeOMIEBEAES3N 480 BEre2OmEall PafindsOplaed by @ise QKRB Bronein vivo
o Tor m t HEPBORTEUBRAPAT IR UM ATES o B APTBRIeE R fOseRgy genet ¢
i nf or mat i ofy2j / I . i

o to by A0hnasrRafpRatl oo o oty S S PASEX RSN APy s
that are diokaet mddsired &8, theasethods Helnde ambmbinathéan sbnegative akd paitihe, the nost
o T 8 548 gl b A SR R B i Sy o 3
Piccirilli i 90, 343:33
(1650) £ OB P R e Al o) e 2 Daces i
gener al ningpdicedina srnksrdene, @ v toriongeneysach babavasnat acnomassential position.

enzymati c repli,cated, Tool nd, co-wor ker.s nonst rat ed t hat

hydr ophobiawl%ﬁé‘ wqﬁf%ﬂ??@ﬂiﬁﬁg&;@gy’ﬁﬁs n %Fﬁfmmgéfféﬁ’é“ﬁ(ﬁﬁ’ogen bandi ng
to drive thg,bohiat kRfhARkyRRAByRALSgene8Chosk ¢. &, EXARHehiSUbE sydthitibes (16N
Biol., 4:602 (200Q; and,™ K I\/ly uckfan and E.©T. Kool, Angew. Chem Fut.

Engl . ,2086,is28P&1upood)io thehosh eqf. f Bictienichia eolé b ophaascsintiatsaleator bados, pai.r :
satisfying all. the, above requir nts. Schultgz, Romesherg. and - wor ker s
ave syst oML ERdort Frapets o aRe e e pefist BRTRD o anrell il

hydr ophobi Celpasfioring dAihepertill GENAG ok nBAifinctiSnd AN stsAnkfe, SMVRofd ARRent han

nat ural base pairs, and can be efficiently incorporated into DNA by Kl enow

fragment ofubisteide peabitive eflectiondn ydligh= spdertor ORI, e.55ekn argbey coday, iq plagasiv nn,
A K Ogawa, Y..Q Wi, L Q Liu, .P. G, Schultz and E.. E. Ronesbe J. Am -
Chem Soc.'"® @&‘S’i f%%%er(gfgﬁs?}g 3, e rﬁm%m@%ﬁ?&w E&&meﬁe“& nn, J.
Q Li s P. s aR6 R #x@ndsitn vEctoRAAR 3RBERate RS, AMesd AR wn it 4 3274
(2000). A 3M\: 3WN sel f-pai'r can be syntheSized by KF with efficiency and
sel ecti vi t presantd piCa salectibomgiitod. pgropiciion (RINAA aregben selected for their ability to

be aminoacylated by the coexpressed cognate synthetase and fo insert an amino acid in

response to this selector codon. Cells harboring non-functional tRNAs, or tRINAs that

cannat be recognized by the synthetase of interest are sensitive to the antibiotic,

30 Therefore, tRINAs that: (i) are not substrates for endogenous host, .g., Escherichia coli,
synthetases; (i) can be aminoacylated by the synthetase of interest; and (iii} are functional

in translation survive both selections.
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e.g., A K Ogawa, Y. Q u, M Berger, P. C Schultz and F. E Rorresbergﬁ J
Am Chem Soc., 122:8803 (2000). However, both bases act as a chiifdt’ II%h
termnator for further replication. A nutant DNA potyrnerase has been
recent |y eVdrlE@?4at can be used to 25 replicate the Pl CS $€TTYHET465 | n

addition, a 7Al self pair can be replicated. See, e.g., E 1. L. Tae, Y. Q

W, C X a g, . 123;
7439 (2001 lﬂl nav%%%?tﬁ@gé@gﬁﬁg?g p%@ I%/D]w?las F éﬁé?@tg%dﬁt?%g 5 oped,
whi ch for spectficspaitan(9ad.p., BpomorebnirigiveEpodifhn{s Hoe at Ecnﬂﬁég@ﬁﬁépcslﬂmd- at

Hol l and, W B. Tolrman, L F. E. Ronesberg and P. C Schultz, J. Am Chem
Soc., 122: mqrmrr{l@qﬂwln%&aw%og@r@&u@rﬁéaﬂwmﬂ%hmmﬁattﬁm edoddns are

st oy Coftbh SRGENS arch N 0! TRIC, ER00 3 colBfroifE bR RSP B ol MonSirar ¢ 1 As
for thesn BfimértQitnhdes¥d RRIADZLIS iREIRAASRN Brébdnt Hiveativh alt sﬁﬂ&lﬂ%ﬁ%@tcds

1141] As used herein an unnatural amno acid refers to any amno acid
nodi fi ed aftiahBbrazgies of tRAYA swithetases i Meriang wesarisme fe- E- hmmrg@ngemwsu@w #%e and

o gi nine. - SURAI e SEREIAT e B RRIES o PR AR BRuAN B P RRAE: oci o

gl yci ne, hiss.imhdhe Nd. 6258884 mshdreetcaln@s PY&hiNo. 5,794 5ioR S&aIlﬂib@F@él-aﬂ Ahi ne,
pi ol i ne, serine, t hr coni ne, gpto han t yrosi ne, 'val'i ne. The generic

structure BES.Rutest PoaSI88A3! sePetersen £1 4W1S: Betent Ny, 8248 %ta Thampsen 20ak2 N

Formul 101 S e s B2 7 ot Rl GubBety oS8 Frder i e 1

the twentysARégnal pAfl Na aci ds See, e.g., Bi ochem stry by L. Stryer, 3 ed.
1988, Freeman and Conpany, New York, for structures of the twenty natural
am no aci dEl22ho¥Fer ¢xtmple, tmsatmbaswang:ﬂmlﬂuaa‘ofpdmubﬁntﬁﬁbﬂ%ﬁwm i nvention

Catds’ Dhobamontia Ry 5 Rt G TPRICA R ReRks CAIRRbOE inEdiciny BRRSENEY

typically gédef @hefeinifctitiec Adicktrene eithiened gt BastioRe Sf BR seltaion cB8dnt.anl g
unnatural am no acids form anode bonds with other amno acids, e.g,,

nat ur al5 or librmaeimaiant iIRNAnmte a plurelith 98 eelisfromithansecnrd orgraisiy and delepring

natal1 Y SENGELBOPOSk TR N ons bR bl AR S

exanpl e, RaflgastenduiRogondOtROPA bﬁﬂ@lfbﬁcmmﬂwﬁﬁ’c&&x@ﬂnﬁw the t8%i¥/mark@@éhe ,
ket o-, azido-, hydroxyl-, hydrazine, cyano- hal e- ydr azi de, al kenyl,

al kynl , et Hernibariclsase byanasn gene, sdiereim e ribopbielgess, bapmnse SanccomprHeppdeast

phosphono, pf] y e

Phi oaci d. - OB OB o gt BageRl Be A IR & R ats.

t her eodg Ohﬂear dhdnAd, VIR surdingQeHe L Abddeldotide .25 byt mididsor ftiotRll
limted to, am no acids conprising a 25 photoactlvatable cross-1linker,

spi n-| abe1 densiiriap@yaci ds, fluorescent am no acids, netal binding am no

act s, et g OF Gl BB ARLR wd Al RS PRTADS, Ak s 56 21 0

wth novel I ona am n cova 2 y or noncoval ently

interact Wafnhoa®$led byehemddeged alﬂo:igmageﬁ (@M)Ofan@ﬁmﬁdu wafdiRtingalilogitagi no
acids, am no acids conprising biotin or a biotin _anal ogue, glycosylated

ami no_ aci diFlealion maker gengarhezemshmpesiti i Selrcian Prieker GERRFITEBAED RYINGL
modi fiad agAnacEdR e KeLP- ORI HMe FThIpRsAE 28 Boast one of the selector codans,

e.g., a P-lactamase gene comprising at least one amber stop codon, the O-RS, and the pool
of mutant tRNAs into a plorality of cells from the second organism; and, selecting
surviving cells grown in the presence of a selection agent, e.g., an antibiotic, thereby
providing a peol of cells possessing the at least one recombinant tRNA, wherein the

30  recombinant tRNA is aminoacylated by the O-RS and inserts an amino acid into a
translation product encoded by the positive marker gene, in response to the at least one
selectar codens. In another embediment, the concentration of the selection agent is varied.

Recombinant O-IRNAs produced by the methods are included in the present invention.
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37 1 9 OCT 2005 WO 02/ 085923 PCT/ US02/ 12445 am no aci ds conpri sing
pol yet hyl ene glycol or pol yether, heavy atom substituted am no acj &i@r
chem cal ly cl eavabl e and/ or phot ocl eavabl e am no aci ds, am no aci dis® WL llan
el ongat ed si de chains as conpared to natural amno aecids, c. g., polyethers
or long ch¥ht2¥ocarbons, e.g., greater than about 5 or BFEABEY1éfan
about 10 carbons, carbon-linked 5 sugar-containing am no acids, redox-active

am no_aci dgp24aMrRQsthitb@Rgiod HRORtaliBh Bﬁg@@.g?,oche A6didve smuﬁma@%@%?ﬁm_
conprising oné or more toxic nmoiety. [ 45T n addition to unnatural am no
aci ds t hat selenticaisieprmgbeth thé gesid mimbneganvasalecaion skeps.o thedtdye dessobept | onal |y

' di,fi.ed b t t e il lystrat th
tr et ur oo FGHEORE RIPEADIRGHAE PGS telggtiotsiangenion o Rableplossie - on
'caj " [ 150hahenehm exdedriidd fKid YrobQARhE s@iﬁﬁerg%fw?eg@fi‘ve Mrkdfon@in fe R ;. X and

Y, which can 15 be the sanme or different,” typically conmprise S or 0, and R
and R ,5 whicartredied by pitiooineinizydifférent mumberoof wtidctacedons iatoethe hpinase depeshl ect ed

fromthe same |ist of constituents for.the R grou descr.i bed apove. for the
it ur el 8 ssedhiar e SERh VBN Gm e ritgr ek VSR o GSS e depiR byt o

unnatural gy mo@caﬂﬁrg%ly BRurlgsy TR, s eﬁmgemasuexﬁ&omhﬁ @rédﬂﬁ&d fntgahgns in
the amno or carboxyl” group as illustrated by Fornulas Il a I . Unnat ural
am no aci dsounfls aitDmbte ssringepecritech aseapphbied italater ominds bfddlediono, c- hydr oxy
acids, cc-thj.oaci.ds a anj.nothi ocarboxyl .ates, e.qg.; wth. side chains
corres pondiﬁéﬁ)_t @_ﬂi“ﬁ@' RES s WWEFIFV R%‘t‘%{?fjé? th“eﬂ??ﬁ‘?ﬁg'é'é'l:'&““off’r EFiE f8af-Esi de
chai nsg | NoARY] QiRRA, SHPBLIENILCRRS Firs! P8r &x£@000e Bﬁiﬁ%ﬁ&?ﬁm gz@g.' twele L. D
or cc-a-di s ubstituted-am no acids such as D-glutamte, D-al ani ne,

D-net hyl - @egayive sélemionatprotbatiythe gositivel andnepatine sdledtion s@phean sehule weingla

el et et BSEATS e P et SRl el SRR B S
aci ds suc hF@zSex%Hgﬁé iéf,jd&iﬁdc Relad i AR b8 Mdny HATWAt: APHstiveGeRelish matked, e, OCT
PCT/ US02/ 12655 [ 1

2005 WD 02108592 [151] For exanple, nmany unnatural am no
aci ds are baemhpbeninol agetyftransfense 4€AJS genes otheasthe [T ASE gene, caghimisasd selestempheny |

al anin and. the |ike, Tyrosing analo L ncl ude. - supstituted trosines,
or ¢ ho- Chibe Pt B8~ &) Fabrveds as fobE ek 8trey YRiB te0rud R no4EFei 1" he
substi t ut egeliioASEREn, GRATRY bHEE oA theingbilily & REPresPa REAZMDdodIR@YR.g. a%odH NO
group, a 5 hydrazine, an hydroxyarnine, a thiol group, a carboxy group, an

i sopropy| footEt pesitams within g negasiveanaker, e.g2d 7RI Ainghymernes genor Iherthched
hydr ocar bo sat ur.at ed

b O
fﬁ 52 ; { f g; egn Helameivetsr, 31, fksifidC BXpREATbAbE the fekath @ thiker ditdds @EpreSior b
20 ‘the reporter, e.g., green fluorescent protein (GFP). The stringency of the selection and
~". sereen can be varied, e.g., the intensity of the light need to fluerescence the reporter can be
varied. In another embodiment, a positive selection can be done with a reporter as a
positive selection marker, which is screened by FACs, followed by a negative selection
screen, that is based on the inahi]ity_‘tn suppress a selector codon(s), e.g., two or more, at
25  positions within a negative marker, e.g., barnase gene.
[125] Optionally, the reporter is displayed on a cell surface, en a phage display or the
like. Cel-surface display, e.g., the OmpA-based cell-surface display system, relies on the
expression of a particutar epitope, e.g., a poliovirus C3 peptide fused 1o an outer
membrane porin OmpA, on the surface of the Escherichia coli cell. The epitope is
30  displayed on the cell surface only when a selector codon in the protein message is
suppressed during translation. The displayed peptide then contains the amino acid
recognized by one of the mutant amineacyl-tRNA synthetases in the library, and the cell
containing the commesponding synthelase gene can be isolated with antibodies raised

against peptides containing specific unnatural amino acids. The OmpA-based cell-surface
31



i nclude, but are not limted to, a-hydroxy derivatives, y-substituted
derivatives, cyclic 10 derivatives, and am de substituted gl utam ne deri
vatives, Exanpl e phenyl al ani ne anal ogs include, but are not |im tid3€b00h
met a- subst MOURBERBheny| al ani nes, wherein the substituent CcPUPUBRM4EE
hydroxy gro}ip, a nethoxy group, a nethyl group, an allyl group, an acetyl

group, or A L L J : I ] I ds:.] , but
e hot 11 Sl SRSl R bR YRR ot AT Bl phik

3- net hyl - phigiw. SeaFraeiscanl. Ok ACAfapadl], Rl -Tvedsyn B In & Gaordpoiy, dpyfrolfudriphesidne, a
tri -Oac—efiyl - I cNAcf, -s rirze, an k Dop a,,a fl uori,natedm]_cr)hen | al.ani oe, an
i sopr opy| ~HEBHERAZHHNRR Ceth fRTEFE @ Eﬁqhﬁﬁéh’?lcéf‘d?ﬁi’w&?m&“ﬁ@ ional antibody

acyl - L- ph j s = | i Y. h erine, a
phosphono?gér[ﬁlr?%”g?hg&p%% on t)};%_‘ﬂm@ﬂ?ﬁﬁc_ﬁb% ”-} & )g/(?léﬁﬁ ﬁgfﬁé@?

ap- br ofophday) allenseleetion stppacanrdsd beapineried adtdnivitey. Fledsebazted component, e.g.,

i sopropyl - L;?Fhenyl al.anin and the like. The stryctures 20 of .a variety of
unnat ur al SYRhgEshandier f&i@‘*ﬁﬂaﬂl%bf ipogyredinig ¢ted fopusg in inyiygiacprporatiay 19,

26, and 29 I€ i the unnatural amino acids of the invention are
sel ected o?fﬂhéugﬁ%lﬁﬁ%ﬁ Apc)r{%vi de additional characteristics unavailable in

the twenty natural am no acids. For exanple, unnatural amno acid are

optional |y desi gnSgdusie s HostdOrdanismsdi fy the biol ogical 25 properties of a
protein, e.g., into which they are incorporated. For exanple, the foll ow ng

properti e1a8e TH drfid@bhal (RNA-REGAMIrDY.gl, BEH v fP6m Gt 163& ABRABTW HourBl NO aci d
into a protein: toxicity, biodistribation, solubility, stability, e.g.,

t her mel, hyrganssnyof 8t leask Ivia seures ougasissavibich cawbe theystmei or difdereridean eysednd
the 'like, facjl.ity of purijfication and pro i truct.ural roperties,
spect roscdBiacvﬂBFtapag(r%'Pth%,gmB%%ﬁec:gaﬂa%ﬁﬂ?cg rgéﬁgﬁogﬂ@rﬁr&ﬁdptﬁﬁﬁ%@fl es,
catal ytic gifardGhi ¥ thy meliRsbe)of BRI F8ichB nvet@d cdnite@he &ithé bi diffefent. €RIneW t h

other nolecules, e.g., covalent]} or noncovalently, and the like. 39 WO
021085923 eorhairoent, By firsi@sgaist sUnprakayalic ArganisTAE gd Marbom s JogBischil,

PCT/ US02/ 12465 [,1531. Ma f e i ds.proyided .ab
commer ci i TP RAHR i g iforind didon e bR AL8REE. W
USA) . 15hosgalbbadierais, P\ Frio SQWEIF kLAY A2 paiiia T, themopRiblsl ON@k ke synt hesi zed

as provided in the exanpl es bel ow or 5 using standard_net hods known to those
of skill ifAlierpgively, thedyst oigarismds 8 pRkapelicorZapsiing §uetintsiseds., eontplex Eoyani c

Chem stry b n_a don,. .. Secan iLd WIllard G ant
Press, Bosstl'%]ﬁEﬁ?ﬁ@ﬁ&%&’Rﬂv%ﬁggﬁ%gggﬁpggﬁgé %‘*‘%%&%ﬁﬁéhﬁ’%‘%ﬁﬁ-u Edi tion,
1985, W | epamindisSRiascts, Mahrofaak ketc. p g thadiken ¢ dndthercdihodinent, Bersycdi  Car ey
and Sundberg (Third Edition, Parts A and B, 1990, Plenum Press, New York).

10 [ 154] FUBeresaif? Brokppetc etasaism, Maskrngheras arwarefds Mathanopactiesrized in a

Rided Bo- A Ruel REEH Ll B B BrE e s Ao A O P. ) 1 ©

substi t ut ﬁﬁn'bmzy.l hAyikabhifl O\ pARIiE T, ffermbpkiles] ekt Bifte WAL B rraLiFEllyOthe 3é@n@onpound
to give the neta substituted phenyl alanint. Typical substifuents used for
the meta pBEMiIBAT beR GUAIYHIROTEESHAR-2 ) Plisefings anigdlyfsdhe Hle. net hoxy

DL O no e IR APEEEHG 4 R0L, Oyl oBRPORSATHE £ou PR domBlitiin fean T
det ai | s seaamieheganestaopditfzrdnebmonisAsSFod dxampty IRINASGas besierised fiom pr oduce a

3-rnet hox henyl al anine. The R group on the neta_position of t benzyl
br oni @& iyrprglppéyglt't%ggaqigmw argggr:b ;@'l_.lrp, suchasMerhgnncaccus Jjannasc. fteand y

Halobacterium NRC-I or a eubacterium, such as Excherichia coli, while the synthetase
can be derived from same or another prokaryotic organism, such as, Methanococcus
Jannaschii, Archaeoglobus fulgidus, Methanobacterium thermoautotrophicum, P. furiosus,
F. horikoshii, A, perntix, T. thevmophilus, Halobacterium, Escherichia coli or the like,

30  Eukaryotic sources can also be used, e.g., plants (e.g., complex plants such as monccots,
or dicots), algae, protists, fungi (e.g., yeast, etc.), animals (e.g., mammals, inseclts,
arthropods, eic.), or the like.
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Mat soukas et al., J. Med Chem, 1995, 38, 4660-4669. 20 {155] In sone
enbodi nents, the design of unnatural am no acids is biased by known
information about the active sites of synthetases, e.g., orthogonal1 gt @NA?U{]E
synt hetases used to am noacylate an orthogonal tNA. For exanple, tre

cl asses of agl ut am ne anal ogs are provided, including derivatives

subst i t ut edVAPY¥8F5ni trogen of anide (1), a methyl group at PCEASITINGSi tion
(2), and a NNCr-cyclic derivative (3). Based upon the x-ray crystal
structure 25 of E.ga&itdr €8flens I N Which the key binding site residues are
honol ogous to yeast G NRS, the anal ogs were deskgned to conpl ement an array
of side chg i i R AT I i hai n
of gl ut ar 0] SerectoEBauCRL of B!aBE intith b Parkfine efils pgbn FIERGEPoF 1! 1
hydr ophobi greadin biosgethetiningtiiindre. Formptampletacsidotoricodoreinsdes tegr. cunitud k at
the Cy position of G n. 30 [1561 For exarrpéppe, | . pht hal Oéq-L-gI utam c

1, 5- anhydr tHec base AR 8 nadsepEs codonpsuckiag g sPXeRon.&. & AN AbEY apddr &F ap gpal

)
synt hesi ze t am ; it e i he
am de. %ee,c tg‘!le'j.ﬁg. , %ﬁ%ﬁﬁﬁgﬁ’ ﬂgl%?%%f&ﬁ%%%&ﬁﬁﬁ ﬁfeg]\/tbg{/k%t Ff‘e@?ﬁslﬁ%%%il%t? Iz;lrri rre
and of y- Defdik caebe Ditrodhtdddntoc dsirad grepe Bhbhy bameds, Wb oF iRdé, ah@s thah. Chem

40 1 9 OCT 2005 WD OV085923 PCTfUS02112465 SDc., 3315-3319 (1949); Friednan,
O M & Chath®h€l; R Synthesis of Derivatives of G umnine as Mdel

Substrat es ' t ~ y ] :

Clos0) o Lt g SHileke AR e dor APirbiGhis BRES s oo Bethu @ty

7- Chl =4 [ ohelstoglceddnyib asadad Yer thanshibhaltddaitaticn, dis-otharehoghi bopdimepie GBI ar oqui
ne), J. Og. Chem 53, 1167- 5 1170 (1988); and Azoulay, M, Vilnpnt, M &
Frappi &, Bseddp greads moparokangesgiscanige acids The amberaten sadoar P4 has begn. 3.
Med. Chem - 1 0! : : i 14 :S- j d from
glutam c agl&geﬁéﬁ ?YI 'rig'{{ ﬁ%?‘o%%%? ﬁéﬁ%&%’ﬂé&gﬁdﬁoﬁzﬁﬁﬁg%ﬁ# Iﬁ%%l tFﬂ!"ﬁ@gﬁfm | oned
by refl uxi hgoiperaiatsf anastiucl adhe sidsy dimhokeg the 3tshgnccaipan ddAVis thedesw ol of

amnes, resulting in a range of subsiituents at the am de. Deprotection of
the pht hal 8P cgFHUY WFWCEW%ME%"%? B‘gl HIANRONIHD RBLUEE SEPRIESSShow n
in Fi gum I i ; = i £ i I

acconpl i shgig\I %%a‘}@?%(ﬁ Hg@%&ﬁ&g 9'3? @tts%i]ﬁ%%%mg%ﬁ{:% Eegd'eg Mﬁ%&?l‘ﬂ o% Etlnr]?%rq,

A M P 15 & RgpogeotiRNAs iBvy hedresied intonkeStioned prateineutBrenksines as  Con f or mat

i |1 trai LArn! i d Anal . J..Og. .54, 185
o | VL Ao e el sgtes g che 4, age
nunber 5 i E'ﬂ@n%f ﬁeg&dép&‘aﬁi&g?ﬂﬂmﬁiurﬂgﬁgnﬁ adidPin o, Ftﬁ%ﬁ:ﬂ}%'ﬁ?}ﬁmég

al kyl ati on of the amno no y with rono-9 pheny m
(see, e. ggenctuld ihabtecegniksihe SoRapdpoeg,, UAGSinydis hednoasyafeddptin O-R8 | y

P Pi | I L-. A. aai - IN ti to the Total, S t hesi
e P Pecel LTl AsRa a0 APl SRLLER, L, LG Tl S it hesi
Cycli z4 | OBecudring Mﬁa@?ﬁﬁh&s%ﬂmiéé@'é&ﬁ@nﬁ&%@ﬁédﬁ&%& Bt bRedid dandlel ON Of

the aci d.noi ety ‘Using 20 tert-butyl-N, N -diisopnmpylisou. Tm Addition of
KN( Si ( CH: ; v@d2oimdosethestdpwakion, e.g.. T 46 abtho st ebingtrest hethg-prolsint gepn. Sfe.t he

thyl est f t lgte,, which s th tional |y alkylated with
Tange. of -t RySarSH ks ST GRrE ol ExCroRe S PRrp ki s, L °

gave the dSﬁ%ﬁn‘ﬂ@lmﬂdéﬁEﬁé‘&éd BhidpeBsReNatleRlAcds KSoMPORo: ol 9REJORMer tHOF gur e
24). [1581 An N-O cyc 1i c analog, as illustrated by Conpound nunbr 3 i n

Fi gure 25, RS, §-Bdopad b raitantgene gisaoawinegdrin ivg; Bisdinhatyml Bogngaggir - B a as
prevtouS] oSSR S5 iU SR e i St e uBRSLAT P &
amino acid at the specified position.
[133] The incorporation of unnatural amino acids in vive can be done without significant
perturbation of the host, e.g., Escherichia coli. For example, because the suppression
efficiency for the UAG codon depends npon the competition between the O-tRNA, e.g.,
30  the amber suppressor tRNA, and the release factor 1 {RF1) {(which binds to the UAG
codon and initiates release of the growing peptide from the tibosome}, the suppression
efficiency can be modulated by, e.g., either increasing the expression level of O-{RNA,

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

33



Derivatives Using Radical Chem stry: Synthesis of 1.- and D-a-Arni no-Adi
pic Aci ds, L-a- amnopinelic Acid and Appropriate Unsaturated Derivatives.
Tetrahedron Lett. 43, 4297- 4308 (1987) and, Subasinghe, N., Schult & 00000

Reon, R | . WOo#sER} J.F. & Johnson, RJ-. 30 Quisqualic aci BCBUSIDQYESS:
synt hesi s of beta-heterocyclic 2-am nopropanoic acid derivatives and their

(1092) . * et Vi RBe Rt Rag 703 nt ARyt o EESR IS a1t none
Or 41 WO Q4 QAFAAScAETHCIH A 2A K5V leis ot cbRIrk @il iDiedbbét, ailakd on Of

the conpound 7, as shown in Figure 25 results in a _Mchael addition
product . DBEgnesedrBAGG: hasmrpvarebeeicientdor msemion 0f &da ByspndietiRNA ( 159]

I'n additi h ; e ids.. a ki f i
anat ogs. haey ik it BRAME, SPERLY C By R, iR, B, LR, & ki 3o B
st ear oshe rpmahity, USiodhini Ry, 32:7930 LB T hiSédse, thé sitihtRNARbAERES witR t hat

of the M jannashii synthetase, residues wthin a 14A shell of the aromatic
si de chai rthenatusallysicaeringtRNdvfirg: which eaizls as34minopspeciesdn Fecheamitbig coli. 167, Y32

and D158) .. The library of tyragsi.ng anal ogs,. .as sho i,n. Eigure, .26, has been
desi gned. {SPRETREER Lo R dF Al igfet oo nimbradetie SoHRR AR 5 VECRHO% R no
aci ds. ThagRul R 848 ualivad fe insefonRITaRMo SHEST dnUhivitho RaddeApRsn/bIglbnof f er
di fferent 10 hydrophobi c and h}/dro?en- bondi ng properties. Tyrosine anal ogs

are opt i oreatiagt. Feepag.ed. Kulio &e Riivar, Mot svaidnRas), 1 23 4685t(E¥ Dy Fi gure
27. F e | e n ol ate of di.ethyl. acetam domal,onate is,optionall

¢ Lo Do CPrGieaBhe I Bt Mysthiot Gt SRERHRE UE ML ke hOAR s RAR' L
prepared Y3850 Rdlbtatod iy S5 trbiR0EYdr 6 Wastecdddink, QVES adour RYE Qiyed . 15
Cel | ul ar uptake often unnatural am no acids 1160] Unnatural am no acid

upt ake i s roere bagsealonihaExaspley pl ionr bsse sodensdeelude. v nAGER. GUARY LHHdA,

sel ecting ur ) aci.ds . d. Lacorporati i otein. For
ol & (RO i the B8 085 AleOor Frcase pilont BEAIACER Adout Reiee
conpounds ECEUYTUAGRYCUADE, WALGDefd@ebile. Fdatiinitle dRitROpRed:#d8 ofir € t aken
up into bacteri  a via a 20 collection of protein-based transport systens

di spl a9i ngrvtatediOntRiyAs e s 2 speciphifmmeaiftsupprisesor {R¥Asy witiraatigndogdears; qigent i on
t her ef ' ' f ' ' , tyral , am.
nerds, 1 BN ERE sAd AR fleRich I B BRAFIRERI LA (RO RE AR

unnat ur al a2, @ oAedr @abadiEneatd, ttealtilcyddcloa .dekBdd)iely. M lleast® thue-bhey
toxicity to cells. Toxicities are typically sorted into five groups: gl) no
toxi ci ty, coden,aslest aRvarbassicgaemos ahleay pairgbasesoden BT Mete- t Sineathetece 236 ( 2)

| ow t oxi ci o ] g | Lng: b | G, t %1 (3)
moder at o ey Rleg bR AN, Slfiche BRRelRELERS Sl cuf 63 ch ARB RO Sl 00
50% @#) hisply thekinkiok Ynoré Baseftiodtn. dSed) i Tigistapies Andaseeasd., By phisiagithd0% t o

about 100%. and (5) extrenme toxicity, in which doubling tinme i ncrease by

more t han Ligpéef Cogonandsdaticedog Size, iGhemistn andctialogy, Vﬁ-&?ﬁﬂri‘b’r €982% owar d” 30

t he evol uty f an| i e [ L ngs of
the Noti ol SRLALGRESHIM Ho BPnERACHE S ARREh of EIiciEn: SIBRASHTP
4780- 4785 HohpH99e Ccdums tand Identificativh dftf8hidnd” MausbagtsCsdoow iwith @kibparghl y or
extrenely toxic is typically

Co. obt ai h ARRAR FsiercRagolel Mol B a2s HIoRk B ar e very ol ose 42 10
OCT 2995 \fﬁﬂz H1Bh34S30f the present invention include using extended codons based on

frameshift suppression. Four er mote base codons can insert, e.g., cne or multiple

unnatural amino acids into the same protein, For example, four-base codons have been

used to incorpeorate unnatral amine acids into proteins using in vitro biosynthetic

methods. See, e.g., C. H. Me, W. Kudlicki, 0. W. Odom, GG. Kramer and B. Hardesty,

30  Biochemistry, 1993, 32, 7939 {1993); and, T. Hohsaka, D. Kajihara, Y. Ashizuka, H.

Murakami and M. Sisido, J. Am. Chem. Soc., 121:34 (1999). CGGG and AGGU were

used 1o simultaneonsy incorporate E-naphmyl.alanine and an NBD derivative of lysine

into streptavidin in vitro with two chemically acylated frameshift suppressor tRNAs. See,

e.g., T. Hohsaka, Y. Ashizuka, H. Sasaki, H. Murakami and M. Sisido, J. Am. Chem. Soc.,
34



PCT/ US02/ 12465 anal ogs of natural am no acids or which display reactive
functionality denonstrate the highest toxicities, The former trend suggests
t hat mechani sns of toxicity for these wunnatural am no acids can Eg

i ncorporation into proteins or inhibition of essential enzymes t turplrw@ess
nat ur al . 5 [162] To |dent|fy possi bl e upt ake path S for toxi c
am no aci M?IZ@# ty assays are ‘optionally repeated at 1088T {Ué@ 12465 ¢ g.

in media supplenmented with an excess of a structurally simlar nat ur al

am no aci d12Fd21%4d P29)ain ao imeivdsindyhkopreg ahezaminedtbealslitynagttRNALsam no

The L owi raer eI SR ADTEPRS < rarir LARN oS a Vbl G, o O

out conpet egnd ik ik thel QUdARIE IAGA &b teiacdty 2l al\‘gli]aétﬂhtf?h'ﬁf@ﬂ to

essenti al enzynes. ese cases, e toxic a Is optionally
assi gned aamoﬁ)hahmpte@ﬁﬁemgtdfvﬂyméﬁa: Wwith dittbddeaoding tith ee (adi -€ll fedmavhBee

conpl e ntﬁtl on :ﬁsﬁpreggl rec(l%&or el | }g(gés\@%% r@sf_ Iﬁ%ggh al Leﬁ!&s are

t @ﬁ%ﬂﬂ §§§ £ Qﬁﬁ Mg g
E)V(‘”;te“ra%/ 5 %ﬁ%irr%ﬁﬂhéﬁ'&%nc@{i c&&%stb%dcongﬂa}ceéa% £Yf rﬂ:%@grlﬁ:g by
t he restoratlon ceI growth, suggests that the nontoxic Eg amno acid is

taken up byodone carebd usedds prdstnt iyentioe, which captedier midsbnweyeaBhrobgt arassi gned
to the lethal allele. A lack of conplenentation is inconclusive. For
exanpl e stfl'éﬁ”é%hlﬁﬁ'dppréﬁm 3&§'Fl'5’ﬁém‘§’é%tcflﬁ’é55exarrpl es provi ded bel ow. [163]

Resul ts obgy t rate that
conpl enent at i Fﬁsgpﬁné%ﬂnat &'rsg' lz.i.inﬁﬂi ﬂoﬂﬁ@ctlﬁ:}%gﬂ{?@ggﬁkgd\%aﬁg@?%ﬂﬁlem

met hodlG or agthe acq:lmla deaired pblypepiies 3 o grasstatiumahbyyehssipg aksem, hiargrakhadhee
typically _re_qu&i@gs far lress effort than radi ol abgling | arge nunbers of
conpounds HABseredime Ageat B sol EanstRietinig Rrgisdn- ‘h%?&'-‘?‘?ﬁe CRRBITG 2 Sgoture

unnatural ; 4alfesatiathe o indlk SR Hhosdii b AR the el Yind fesuftt | ONA! 1Y

used to rapidly evaluate t l'ul ar upt range of nol ecul es
such as ntrmhséatmnah:-mdlshmnﬁﬂmlmmuomar bohydrate anal ogs, or peptide

anal ogs. Faor xa this 25 strat.e opt i onal used,to evaluate the
cel | ulgar &3& “‘Lahéﬂié‘in?fdPGP “!i‘HPﬁ}C/)""é'l E"p B?@ﬁ%ﬁ%f“ﬁ’@ﬁl abwew164] The
presents nmewggdg%% fnaRE AV 4 a%lmmgfcﬂlypeg]ﬁamqrgn tra?l@l'ahé’@%}s eﬂmé ur al

am no aci ds I S 1 ndependent of no aci d upt ake ways. This
general negedofhisdysies iomolypt akmlacule qaﬂpdrcrdﬁl\}?epm asEsableticlia tolan$hisr t

di pepti des dt pti des ross th C manbr e. Pepti de
per neases Eﬁ}‘ H@E“@@r‘?s@f‘:ﬂ‘@'ﬂﬁﬁ&ﬁﬂmé %FE% tgﬁﬂ B f"ﬁ%-‘r'}r
substrat esg rﬂ%té‘s@ mﬁE %Hk&eﬁé& Het#@énttﬁﬁlr@i aﬁHfIMQAGIE Hﬁn Hﬁrdﬁ%@é&ﬁ Iuoﬁr‘isg about

0.1 mMMto dbout 10 mVM). See, e.g., N ckitenko, A, Trakhanov, S~ & le ocha,
S. Astr uctctplaemiwtﬁamgeczal fp@ﬂlSpqm.cmupe@mndeaﬂmm@pmbMthsmmr y

t t 6585- 16 1995 t P., - S. L
o ver D < PRTAEE roequeties RgiRie s iR 5 SHio0 ppBh Sa bR ST RioRAbH Ab e
di pepti de Ehl@ﬂh“& t@:h?ia&l M itheOpReba® DRehG Bt %n%%hééﬁwﬁhﬂm ¢dh RCiehM@tddtAgs por t

and chenotaxis. Protein Science 4, 2327.734, (19 . The unnatural am no
acids are mmﬂempﬂwsﬂm@mmﬁwgan@sordfognmlumhetammdlaadedsmﬂsmh as

e R W s AR BAER AR PSR B el et o oY
synt hesi’ zeﬂ;esme&,w thbAndii@l Antho-athd eNAtredueed bl HESsiBYtheR kiafsIANASRsumes,
25 using the sequence encoded within the orthogonal tmRNA.
[139] Selector codons optionally include unnatural base pairs. These unnatural base
patrs further expand the existing genetic alphabet. One extra base pair increases the
number of triplet codons from 64 to 125. Properties of third base pairs include stable and
selective base pairing, efficient enzymatic incorporation into DNA with high fidelity by a
30  polymerase, and the efficient continued primer extension after synthesis of the nascent
unnatural base pair. Descriptions of unnatural base pairs which can be adapted for
methods and compositions include, e.g., Hirao, et al., An unnatural base pair for
incorporating amino acid analogues into protein, Mafure Biotechnology, 20:177-182

(2062). Other relevant publications are listed below.
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synthesis, and tested the growth of an E. call strain deficient in lysine
bi osynthesis on lysine mninmal nedia in the presence and absence of these
di peptides. The only source of |ysine available to these cells 18§ GHek

di pepti de WoEABWIHg the unnatural amino acid, Uptake of pRGBPRGMIYET i ne,
phosphonot rosine, pentafiuorophenyl al ani ne, and caged serine have 10 been

anal yzed i gn 10 nM and
hi gher di p[gg?rdlzorggﬁg@{#srag@|ﬂgénﬁsngaﬂﬁmh1§%g%§1&g?£a@\gﬁ]?§%§§s| l§S/;?‘Ei]<[£1é/n yzed with the

nmet hod prpwsphedyltdde lfomathea:hrrerpmatim\genp!msﬂhmgifn adfivomabeirateasmd genete i d
that are angnabl.e to Iar ta wa ro nt hetic
pat hways 1BIQPELPBIsHAN) Msdﬂ? o0 By Rl et BEa qu?ra%yﬂapr AN o
Acid 16

ci ds [ 165Jn4Mams msmola]gs x }@e?%n&hgg@gym%ﬁrg cﬂffgm%!w{ BomGhodeIf

production of am no conp a biosynthetic nethod
for a par tdaaotiaal Wassen-rick paivs,the mast whtemgritiotxamgle bf whichds the&sa-é igp-Gin E

li, th g nt t h t hod F
bi 08yt oI PeehvlyC. PURZER SabMATCTRAARG Sadr BEMtrc) dgt Gham §ecoddbisa?dd i n
20 E. SO bl OANPIRC R YFTiafl, BOB! LKA, 0B lEnc Rl pAbba

Addi ti onal efzymes are 'optiona I'y "occurring’ enzynes” or
artifici al3da:Bvaboex Eeizioeks f‘uﬁoﬂpﬁxﬂmhelamlhd &ﬁﬁd&ﬂﬁﬂ)hé&m dses in general
p- ar ni nophenyl al ani ne (as pres relies, on the

ent % in an exangpe bel ow)
addi tion CJPISBAIEIhImedeesse with vehwﬁ 4365 1he §afm°6 goRanatisally mpligated TREo! genes
for these HLAZKE ke&mepﬁmlvsmﬁt Fﬁhﬂn}%ﬁc@% infer méﬂm@eeﬁaﬁg%{e'ﬂesby

transformng 25 the ce ng t genes
when expr asplack hydropen wwiding tornimmﬂdaefnamatemzqﬁﬂse paipabemyd Tt Kosly ﬂline{}[me t he

ggzgaegrgoﬁ q%@b%%@@@ H‘Er}}g E;I% B‘gﬂ'tz%gﬁa?lt Qgtﬁi‘éggge%éjﬁh es are

found, QEnagI ’Ii’l ?%ME}AH hif bfFhRtd Hem%l’df.i' %%n%fﬁﬂl%?& '?sﬂsﬁ@nﬁ ptieonal Iy

added into he 'same nmanner. I'S manner e ce ar nmachi nery
and 30 r esrhumwuuﬁnmntee‘ﬂdhuﬂzd&mcﬂbptg m:le:d -workersdohre eystematiaatlglsysthesizedaci ds,

166 t Ih f i

200 o R Bt A, LS g B L 52
exampl e, rBGUIEIEah AEQFNHAM IO, nf dn bedFAENS) PREDORNMUYBR by e, (on
the world wi de web at 2/ 085923 PCT/ US02/"12465 naxygen. com)’,

285 |4 onal | Klgnesl filzagtrmbat/eﬂ quhnmimt ccdn%polgtmrqsaﬂm&ysﬁe?ﬁg,, Ix. [gMcI:tIBtrerrvrrelr
pj d_eyol uti ei vitr S n e Vol .

370 o, 4 Apt Ogah 30D Wiy 8 Bt o Bebutz gl H by Gh 0%

fragment atﬂﬂﬂ]ﬂ@@@lﬁ@?%ﬁﬂ”ﬁ' D'gﬂwl("f’r . WacPThl RRIM&H Q%ﬂ@'ﬁ@'%hultz

evol ution,™ Proc Acad, .SCi, USA. Vol . 91: Pg! 747-1075 1
Si m | a0l y 2Ddd. @nmmmrgd!emm tSpr:Oéakﬁa?# {3064} théMMcﬂMH sedf ghaingah bat

genencor.. co t L.onal | sed fo abol i a ngi pger.i. ng, e.g.,
2o ong: neavitienZefRE B G oiRE e Rl e S sh Bichitt Bt lolSREA BRI See

t echnol 0g¥% g I RCRNOLEWE! S, @X%tmwﬁgé'ws.idhﬂltbﬁﬁ& F%Q@&hﬁéﬂér#?'ﬂﬂl a

conbi nat i on of new 8enes . dentified through functional genomcs,

and nol ecufhem. &eel, & E{Bﬁﬂ%ﬁﬂm&bsﬂgwevﬂm bafh bases 2ot 5ok Paimalerraimatas ot Meheror | d

1 br ar s op gl ARRTh AN kRS Re o el it B i SR S 1 69)
Pe/l |t0|h \(/:\ggl %/ geﬁlhﬁtdl‘h@ﬂﬂ$ €18 psir. "B itmaﬁmgﬁ TATQeW Ha Bk bk PBidhieN Se& eg., E.LINe
L. Tae, Y. Q. Wy, G. Xia, P. G. Schultz and F. E. Romesberg, J. Am. Chem. Soc.,
1237439 (2001). A novel metallobase pair, Dipic:Py, has also been developed, which
forms a stable pair upon binding Cuf{ll). See, E. Meggers, P, 1.. Holland, W. B. Tolman,
F. E. Romesberg and P. G. Schultz, J._Am, Chem. Soc., 122:10714 (2000). Because
30  extended codons and unnaturzl codons are intrinsically orthogonal to natural codons, the
methods of the present invention can take advantage of this property to generate

orthogonal tRNAs for them,
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create p-am nophenyl al anine (pAF) fromchor smate, do not affect the
concentration of other amno acids produced in the cell. For exanpe@raing
pathway used to produce pAF from 15 chorisnmate produces pAF in the cell
while the concentrations of other aromatic am no acids typically produced
from chori ¥f#%88%¢ not substantially affected. Typically tRET/USHMEH al

am no acid produced with an engi neered biosynthetic pathway of the present.
invention is prodysgshihihlamiah el ation sufficient for efficient protein

bi osynthesis, e. g= a natural cellular anount, but not to such a degree as
to affect the concentration of the other 20 :amino acids or exhaust cellul ar
resour ces. {TAlpi dalusalrecsintan anbatnsal pméctunedirefars Wi any dminbhkisl, mudifivdrangne about
10 mMMto abquyt 0.Q5 - ceabaterlumlstra orned with a plasmd
conpri si ng?¥! é’rg"é’ﬂﬁ%aq}&ﬂé%ﬁ?]ﬁimﬁ% Jaan W‘%@‘?q?%a ’F]@ﬂw‘&Eé\UE@ﬁ’fl c pat hway

and a twe , r ne, or the
like, is g %]%érugéﬂ déncalggnd% vo séllﬂ:agtgﬁso?]lgégﬁ eg%mt%ﬂ gﬁﬁg’nﬁé%% t% a?ﬁ:{r‘t her

optim zZ®e thﬁmm@nﬁ:mm glﬁtahheaml:l gatine, elhstiﬂiimatmlmcmej lduding, 1pghd) ri bosomal
protein synthesis an wth. Conpgsitions that incl ude protelns with

unnat ur al BWW@)“‘%@BE“}[%;IB@P 'H%‘é'"?%?@?ﬂql Heqginsy REP gpipe.gnines Tttt er |

I ncl udi ng gér%?:'sﬂﬁcrm&d? aftlatgh ?aa?ﬁm-f?‘ﬁﬁd :ﬁﬂﬁ@&éﬂéft%ﬁﬂ%n% aficid. The invention

al so provif@ies conpositions o I nc proteins with at |east
one unnatural am no acid produceq using the conpositions and 30 nethods of
the invention. In one enbodi nent, the profeins are processed and nodified in
a cell dependent manner, e.g., phosphorylpted, glycosylated, folded,

menbr ane bound, etc. 45,WD 021085923 1 9 2005 PCT/ US02/ 12465 [169] In
one aspect Ee conposi tion optional I%%q' at | east about 10
m'crograms“‘u , at | east about 50 crogréqfrs, at | east about 100

m crogr ans[143] haaﬁ.hatahmmuﬁﬂ&id Hitgpiogitypary, strattukeltinpBomiuld I wheteirgtha  or
even at | east about 10 milligrams or e of the protein, an anount
that ckh ba&roxpps @Wesabwwwmﬂlmhﬂa O@P&ﬁ@{ wtbf‘r%‘tf@m%rahéw@d@n% Ge.i%E+s on
reconbi nan 0 n u J-or
cxanpl et B ERE] BLe S Gt e 008, Elek Ao BREnR AR S50, 14 tmed
concentr at nblhemci.rcrajr nhiaas hmivbads. Moteiticr abe mmuneraxmmemdsaft}laqﬁsienabout 50
m crograns, per liter, at Ieast about 100 mcrograns per liter, at |east '
about 500 m'-fé?wf&ﬁsbﬂaéww It Qeenrriie qompopngsRibgr tﬁ“ﬂﬁhPI‘WQFtirﬁlEJ@rmFPta@ﬂs or at
| east abouj, mlligranms per liter of the protein, or nore mcrograns or
protein 10 per liter, e.g., in a cell lysate, pharnaceuti cal buffer, or

ot her 14 qu{idid3$ uBpeanss s upeatgral ajnmneamdmdfu]umineént:m tgpu:alayﬂmm fienf the matbalut

Inl to about,too% The pr.oduction of |ar nftltles reter t hat
that typi cBPINP 47 BFE CORP ANB HSVIRaRIRY ”FHaW’EI‘T'B'J“‘Fr"& PiAET on) of
a protein” qf the
Tvent | on e I B EATh A0 e*“%?%*%*?ms??ﬂﬁﬁ%?t&?f%ﬁe%pr Siletion of
| ar ge quanhntnmﬁg oft@urgng pmmeerhateri thahnngtmbmﬂnya dotals hizlok admchmn goddper

met hods, Llnovyit otran atlo of a mm&a‘;&di |.east one

unnat ur al %Wéﬁn%ﬁh ¢ frpmy I'@l.g mipp act "h G BIRP 1 %W“lé‘otvant age over
the prigr gftona fl’:arﬁﬁﬁﬁ@'aﬁakkggvaryg?%#gti?am talt?ﬁﬁl-cﬁc 1| Bl86ifL aRtad.] es of

prot eins contal ning, rotein structure
det er m nat haa-, hydr,azldc,gilkcnxl mﬂ%mhysslﬂtea.l thm:@,rsalph% siflforfyl-7 bdraich bofonewy paxsphao,on of

an unnat ur be d ne to, r ch es.in rotein
structure ﬁ'}ﬂﬂ?@ ﬁ‘ispﬁ'&ﬁaheéerﬁcfc “’Fﬁﬁﬁ@’é'%sﬁlijﬁgyckcf’mrréug‘?ﬁﬁ%l eopﬁl licity,
hydr ogen bpfmbfsqammdﬁrﬁmh@%.@ bY thea ke @ ahPkdhbitat®in BERLESher ALRRERPI T €5,

etc. Proteins that include a
amino acids of interest m-::ludc. but are not limited to, amino acids comprising a

25  photoactivatable cross-linker, spin-labeled amino acids, fluorescent amino acids, metal
binding amino acids, metal-containing amino acids, radioactive amino acids, amino acids
with novel functional groups, amino acids that covalently or noncovalently interact with
other molecules, photocaged and/or photoiscmerizable amino acids, amine acids
comprising biotin or a biotin analogue, glycosylated amino acids such as a sugar

30  substituted serine, other carbohydrate modified amino acids, keto containing amine acids,
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unnatural am no acid can have enhanced or even entirely new catalytic or
physical properties. For exanple, the follow ng properties aretagpgionmy |y
nodi fied by inclusion of 25 an unnatural am no acid into a protein:
toxicity, VWOBW#RIpution, structural properties, spectrosBOPLEIAeerties,
chem cal and/or photochem cal properties, catalytic ability, half- life

(e.qg., serymw fz L : ol 1. | t .

coval ent | y@g%ﬁgﬁgg%gﬁ lf/wc g]mf&] t8 ﬁg'% ?f:&reﬁ/éﬂ I%E&tﬁgﬁlﬁgﬁéﬁ@ﬁ%f%@nﬁg
proteins tdrids, thiechivgley deadabRsindbn @hotooleatabl @bmine aetdsaamihoasciiswatf ad  for,
e.g., novel, therapeutics, diagnostics, catalyti¢ 30 enzynes, binding

prot ei ns (oRgaledide Giansas FomRAd do gatural paing :afg-,mﬁcgmss atlppg e and
function. ong f emé'fgﬂ it j.nC s at

| east one llro el rﬁ?}\f\i il gﬁigéfglaagtab%ﬁr}gér .g.%’t'tg%l F@g?ﬂp&@&%&e{ﬂggg{&gﬁr ee, at
| east fSoursugat-cdnedifingfamine aditls, redtatactive amirio dobdss bmimethdncidadontabrdisf amight ,  at
| east nine, .at |east tea, or nore unnatural amno acids. For a given 46 1 9
OCT 2005 5Ecidy, 999 arminggsishs SOMPRANEODF IDMGE Xt BAY t h nore t han one

unnat ur al [?gﬁg OI“ai%erl&B th HindtHARANR! chdg'etﬂz? BfilaflnGRT siglg F,]fnhgf %ﬁ{tﬁllal or

di fferent rotern can 1nc WO Of nore er én ypes of
unnat ur al anaifl AGIda &lsd Bpticiallyanniphict Hddifisdbackbdrerstrutivtdsee gntas Hivseated dyi ng
unnatural amno acids_ or  both). (173] Essentially any protein that

i ncl udes ahe awwives af FameUeddl and any correspondi ng codi ng nucl eic
acid,]%.g.ﬂ4ﬁgich i ncl udes one or nore sel ector codons) can be produced
usi ng the conpositions and net hods herein. No attenpt is nade to identify

t he hundreds of thousands of kno proteins, any of which can | nodified to
i nclude one or nore unnatural afino acid, e.g., by tailoring any avail abl e
mut ati on nethods to include one or nore appropriate sel ector codon in a

rel evant translation system Comon sequence repositories for known
proteins include GenBank EMBL, DDBJ and t NCB1. O her repositories can
easily be identified by searching the iaiternég—3i#l4] One preferred cl ass of
proteins that can be made using the conpositi&ns and nethods for in vivo

i ncor por atfigm of unnatural am no acids descriged herein includes 15
therapeutiﬁdgﬁoteins. Exanpl es of therapeutic and other proteins that can be
nodi fied t onprise one or nore unnatural include, e.g., Al pha-1
antitrpsin, Angiostatin, Antihegpfytic factor, antibodies (further details
on anti bodi es are found bel ow), IE&)olipoprotein, | i poprotein, Atrial
natriuretic factor, Atria] natriuretic polypeptide, Atrial peptides, CG -C
chenokines (e.g., T39765, NAP-2, ENA-78&; ro-a, Cro-b, Go-c, | P-10, 20 =
CP- , NAP-4, SDF-1, PF4, MG, Calcitorwg, CC chenokines (e.g., Mnocyte-
chennattrﬁﬁé t protein-1, Monocyte %P #&gctant protein-2, Manocyte
chenoanr a M protein-3, Mnocyte iffflamatory protein-1 al pha, Mnocyte
infl ammtqlsupr@ﬁ&bm-zi?lpmag&m {82, R 09H,, R NH-RTOLIIB; LUelY, which can
T58847, 1) 31065, T64262). 0 ligand, C-kit Ligand, Collagen, col ony

sti mullét i rig thegams of diffeyent, 2%pi Cdlypiosrnsise Sfcucﬁ.mndg?aanctﬁmh@fem optienablytios |

Conpl . Kij 0. ' i hj i vat i
Pepri do. 78r ATt PR igaigh oy e Rl kb PborBHER BT g FEoHR) | "
G owt h Facde@éritiehl ave forihe dinaReileitita 6CiBPving POTRSE Dhi 9gllas hpdioker.r Bt

target for nodification by the incorporation of one or nore unnatural am no
example, unnatural amino acids of the invention optionally comprise substitutions in the

amino or carboxyl group as illustrated by Formulas I and III. Unnatural amino acids of
20  this type include, but are not limited to, a-hydroxy acids, ¢-thioacids o-
aminothiocarboxyiates, e.g., with side chains corresponding to the common twenty natural
amino acids or unnatural side chains. In addition, substitutions at the w-carbon optionally
include L, D, or a-a-disubstituted amino acids such as D-glutamate, D-alanine, D-methyl-
O-tyrosine, aminobutyric acid, and the like. Other structural alternatives include cyclic
25  amino acids, such as proline analogues as well as 3,4,6,7,8, and 9 membered ring proline

analogues, # and v amine acids such as substituted B-alanine and y-aming butyric acid.
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acid), Exfoliating toxins A and B, Factor 1, Factor VII, Factor VIII, Factor
X, Fibroblast 30 Gowh Factor (FOP), Fibrinogen, Fibronectin, S C@F

GW CSF, d ucocerebrosi dase, Gonadotropin, growh factors, Hedg Ho Tpmﬁt ei ns
e.g., Sonic, Indian, Desert), Henoglobin, Hepatocyte G owh Factor (HfiF),
Hirudi n, H¥SERSEZEmM al bumin, Insulin, Insulin-like G owt hPEREBEV12445GF) ,
interferons (e.g., IFN-Cx, IFN-4, IFN-'y), interleulcdns 47 WD 02/085923 1 9
OCT 105 = = 2 i delos =, : - I L-8,
"o, L, 10 AR pR, finPypndgrabblnoids arcibart fn nir g antifacii such

Lact of eni nas tyesineglataimids, pheémyialadiae,t and, thd like. f Byrasine andllegs inctuide patveut r ophi |
inhibitory factor, }, oncostatin M teqgeni c, protejn, Parathyroid hornone,
PD- ECSF, ,tuiﬁémﬂaéﬂ%srthﬁﬁe%tw }?ﬂ%ﬁn@msrﬁﬁﬂltw RREES, BETEE 1 opi n,
Protein A wF i t‘r?m | i ﬁg@nlp in in, S
CF, Sol ubltcla1 %@ﬁg?@% Sr gceg[{ldgr%e%%rp ol ﬁ%‘%’?é‘&?\ﬂﬁj& 0 iﬁ%ﬁ%rﬁtgﬁﬁggki n
recept dr s Rgdrdzing an Bydréxydmin€; a thiol grov) a cirbox § 2roup3an ikdpropP) grobs)| arhetk yTNF
receptor, Sonatomnedi n, Somat ost gé_i n, 33@ totropin, Streptol dnase,

Super ant | gERYP: % Ceer, Can stopigptiagrercianchs Hbri atraled gepnsatyrated SEC
SEC3, SE Subey QX ' FOX G 4 i TS
ST- TherD?? ¥Ira Ij'p “aﬁgg@‘?‘?gf%%g?gdw tno%naﬂécn??@g%giﬁ Eé,tpglrigoggﬁlr]iﬁﬂé%é
factor betmultiplNsubstiajed afylrings ascalascontéraplamd. CGioaping analigs e the ifivemion

necrosis factor-al pha (TNF al pha), Vascul ar Endot helial G owh Factor
(VEGEF), inelgke.dusarcaoilimiag toohydroxy demvativen y-substitmed depysives.myckg e

conmerGi al Ly. avai |l abl e . L. i ; i i es 2002 catal ogue
S ori 5 defivR s, R P ERsiSud et oS oSt es B EARERASGn R BB AT
typical |y, infRay, btahedt Bmitte if Phata-2ilestinebd phaRWManRE e whereth the Geme@Ak) . Any
of themcan be nodified by the insertion of one or nore unnatural am no

aci d accor@inyisesa hydrexypgwapnt michpay Eromp, aaaghyl ereepape ellyltgreupronestil wit h

respect to r e i f intet | es,.

{hor apeut {8805 i Dy APPRTEREHPP s o hARElraY allbg B Fobs. BIPEE nER e

hal f -1 i f e, 1os0aRéthilty tyrbdi®e) BAYEN{Zhiphth il Rdirans Ui Behel-phédyalales, eatli ity
(e.g., by ~,. the inclusion of reporter groups (e.g., labels or |abel

bi ndi N sialadL-timesingea 4rrpylitdiroginend tri-Geacei)l-CleWdgstseone.an ILBOBO aor ot her
side effects,. api,lity . to enter. the hqdy, through the .gastric.tract (e.g.,
oral avar IR Pty BRI oot mar e R e MG TSRO AR A Do
made usi NG IE phOANAAHiILE, AR bR YIEPReAAahAe] 4h L-BRsBhdRrh8CPr por ati on of
unnatural am no acids described herein includes transcriptional and.

expr essi orptweplionasasing, a phasphorotymosins ca ppedoephenybitiingx p petwsimophemylalamoar s

i ncl ud : i ns_that npdul | | wh,, dif tiati
requl ati orb B amT LR AL Ee 08 an Promg e eneisAr e diube 106! The sl
found don pEfkALLet Sfunniturdl 8RSno Ak AY EASNAIES thd ﬂgilrﬂﬂie{% Filuigil7, égg,ts, and

ani mal s, including manmal s, providing a w de range of erapeutic
targets. -126,wnd B9.be appreci ated that expression and transcriptional

activator ate .. transcr.iption by.many, mechani sns, e, .binding to
ecept or s SEE Eit PR EFULED bR iR T SRR se e pe el s on
of transcrirptide BddiasA4 charaftefistich Gnh@iRBRTBILRS fvenBhtRANARERI ®idsPFRLi ng to
proteins that bind to ‘)rormt ers and enhancers, unw ndi ng DNA icin

pre-r RNA, grempledamwtenal sminRisid ase apderpllydichignedh selegted 19 iy Bologics
25  properties of a protein, &.g., into which they are incorporated. For example, the following
properties are optionally modified by inclusion of an unnatural amine acid into a protein:
toxicity, biodistribution, solubility, stability, e.g., thermal, hydrolytic, oxidative, resistance
to enzymatic degradation, and the like, facility of purification and processing, structurat +
properties, spectroscopic properties, chemical and/or photochernical properties, catalytic
30 activity, redox potential, half-life, ability to react with other molecules, e.g., covalent]y or

noncovalently, and the like.
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WO 02/ 085923 PCT/ US02/ 12465 [177] One preferred class of proteins of the
invention (e.g., proteins with one or nore wunnatural am no aci gsg) tﬂ?{,{lﬂﬂde
expression activators such as cytokines, inflamatory nolecules, 8
factors, tWEIROE®EEptors, and oncogene products, e.g., intePCBUkizRidse. 9.,
[1.-1, IL-2, ILA etc.), interferons, FOP, | F-1, | F-11, FGF, PDGF, TNF, T

CF-u, T G-{i, 5 EG, KG:gh[% Flice E:ﬂi ﬁﬁ%gﬁ% rlb? %f AM 1, AM ! | LEA- 1,
and hyal uri nl CD44+ sign respondl ng oncogene
products, [@58] ,Madpst thRasnatiebbmirmnatiddrovidadlabovense cominetidly Aatliblat ors and
suppr essor p5, 3Tat Jun gflgb Rel , and ster oi d hornone

receptors %&cﬁ"f&sqlﬁlﬁéﬁs P"é&q‘:@d@m’wmé& -%‘Me Tlﬂ%ttb@taﬁ@ﬁe al st erone,
the LDL T eeaihdtiall daNthnite 6BEMAQIY RO Abrdhild ik aLhBbs BhioRlder

proteins can e one nore un amno acid

of thesi nugitig standafomebsénipioavn fohtRodedfeRiliianhean FocbrgdricsyRmEdit uting one or
nore natural amno acid] _in one or nore_vaccine proteins wth an unnatural

ami no aci dechnéqugs, see.t-Hr QraanieChenaistry by Eevseadan mghigpssenslon, (1983 Fsrepd t us,

Candi da ; |4l erve del for
pat hggenfcrﬁ%a@fgﬁgﬁg ?ﬁs?gﬁs&s?% f%ﬂ%&%ﬁ%’fﬂﬁv it @F@m uch as
St aphy| oc qaird Bicibn, 1985, WViddy andl Scvs| Nk OGeE); and dvenced QREMHITHeaRIty Y Ot 0Z0a
such as sporoz Pl asnodi a) , rhi zopodrsh?g 6}91 Ent anoeba)  and
f1 agel | at @aremlydpémgm@mgé@ﬁm arts Frangtio hohBePlemmPaess, New X k). vi r uses

h
I W R S e Nt St

HCV, and Caimmdvh ﬁg&@ém Cypicll RNBY (N begfioseldcininide) isladdad@oy metses, €. g.,
VSV; Par anyxovi nses, e. RSV; Othornyx o vinses, a influenza;

Bunyavi r usabstitulfd w@imnm%wpmdr_txnanvmarmtwubwé@wmg@& bmrmgeexmﬁlpu%)
RNA DNA
Lo RNA vitpHTLisRER with finploRE: COMpOUREDa s Maroet) Db i Bl ' "

i ndust ri alTypiey pEs)ituRAR Lﬁé{Bﬂ}rlﬂﬂ: i foksitidn iclbde budee ndbligied &, keRnes,
unnatural am no acid accordi ng1 to the nethods herein, such as am dases
gs

ami no laci anetheenerous, 2Hola aedyls, andithe bb@n@@@é@i%%y&}éﬁé@b%ﬂ}dﬂﬂma@ i propane
per oxI daserﬁ eobgpﬂeé‘&{ %esf@ﬁs Wi (illﬁ N ?ﬁrcFE@ cﬁlﬁe%‘nr métﬁfses%e the

ki nases FEOer ages . © Yl VEosT dates transteras

hal oper oxndiaﬁ@&-,s bammnomgﬁmsgmhéﬁs 1% usecpﬂﬁ&a)iuce 4 3-peakexy Iihag_f,illamnﬁﬁr Thedases,
nitrile hydratases, nitril ases, proteases, ‘i)‘:?o hat ases, 30 subti | is in s,
|t

ftransam nd roug e th@mc@mgmn[ofg fr) bemg} bromi @tqaé#ﬁt-é?ﬂﬂ:r 0¥ B+such as
i nsect ngtt mﬂ&?ef’élorfg%{gﬁ &gﬂﬂgh%%ﬁ]g%m o4 G?t eins), starch and |ipid

productlo Zynes OXl n-resi stance protelns,

Mycot Qgi n- {dﬁspﬁhfsbnﬁ&mt@ﬂlrﬁﬁrﬁ,@hm@amgm(ﬁﬂhﬂﬂﬁﬂbﬁhﬂﬁlwmbﬁﬁe@byk&d@ﬁll ose 1,5
49 19 OCT 2005 WO 021085923 PCTf USOZf 12465 Di sphosphate
Car boxyl agefnmylg@w%lt thepeByaseitos of symthsspsehis artfogorpl R symheas vesb|

pyr uvat e xS O € rnino

e bR oo B PR Bt dchigle bk RREPof Al B Bl " T
unn atUra|prﬁﬂtiﬂﬁ“Hﬁﬂﬂ{ﬂﬂﬁdﬁhhﬂl%@ﬁ!ﬁﬁ@mﬂ@ﬁnugém@f amidb oths awedthy! lgpsupnatt 0 one
of skill in the art and descrl bed herein under "CGenaral Ml ecul ar Bi ol ogy

Techni quedhe y-pesitian Ghpind a N-Gleych dedeatire (3 Based ypep the x-ray crystal structure
25  of E. coli GInRS, in which the key binding site residues are homologous to yeast GInRS,

the analogs were designed to complement an array of side chain mutations of residues
within a 10 A shell of the side chain of glutaming, £.2., a mutation of the active site
Phe233 to a small hydrophebic amine agid might be complermented by increased steric
bulk at the C¥ position of Gln.

30 [156) For example, N-phthaloyl-L-glutamic 1,5-anhydride (compound number 4 in
Figure 23) is opticnally used to synthesize glutam_me analogs with substituents at the
nitrogen of the amide. See, €.g., King, FE. & Kidd, D.A.A. A New Synthesis of
Glutamine and of y-Dipeptides of Glutamic Acid from Phthylated Intermediates. J. Chem.
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of interest is nutagenized to include one or nore selector codon, providing
for insertion of the one or nore unatural amno acids. The pnsegnt invention
includes any such variant e.g., nutant, versions of any prot elﬁ giLUﬁ
including at |east one unnatural amino acid. tO[182}] Simlarl vy, the
present | nYERP¥HRIH so i ncl udes corresporiding in uclcic acPCE8IS0NI2465, any
nucleic acid with one or nore selector codon that encodes oin a or nore

unnatural gsg., 3305- ﬂ@ﬂ@lgﬂg [ﬁr&a]nahnoqme&mm RIDAGhSRIGE DédDtivBVENT i on
provi des corrp05| tions that include a Asp | 12TAG hiuLant of chl oranpheni col

acetyir ansﬁbﬁmmﬂ(mdﬂbﬁdmtl@w fﬁbiyAnﬂiré"umr@%gﬁ!pbsf tAnarishesn $onel 1h3@80-3752 he

hera e o SR Trkivr €8P ARl CARGHESRoRbt e By firers B Rafode B no-
i sopropyl - (man){;aﬂn ad} 1cm&hywuw1mnﬁa1ﬁamuhﬂ@(anahaqﬁﬁa kg, f:m %3tl1 Rrotei n

i s present onmposi ti at 7 concen tration of st [east’ about 100
m cr ogrfanslﬂé)r(IBBS}t md Amulandlihé"ﬂmom.rfﬁo&ﬁmpmem B ﬁhltammamdlogncmow des

conp03|t|osth de A a S drofol ate
reduct ase ﬂi"’%aﬁ% 'B‘%(f?’@ ?ﬁ ﬁﬂ(?gb th @ﬁgﬁﬂgﬁgt%ﬁﬁ ur al
amno, e.gy regfr@d Brobh@blanic hmmss«mtrﬁmaﬁoﬂaﬁhé &n%hﬁ@ﬁﬁ&ﬂh:ﬁi&%}h@éﬂ

am no-, isopropy] -, or aj -contal nin g tyrosine an al ogue, etc., and
the pr ot ei by reflexmp-inacdtic achk Tl‘cﬂtfmbgémtﬂﬂ isnhext opened witk atmuattieo of erhimes, | east
about 100 mi cr.ograns er li, ter n nt bodles to.proteins.conprising E
unnat ur al @ﬁ’l"ﬂﬂglﬁz?ﬁﬁé‘ ﬁgff‘ﬁﬂwtﬁl\/gﬁ@"g@g% CPIRIREUER 8%@' tphﬁ}‘?&@’ﬁtgf%ﬁ‘ ‘ﬁ'i'bvi des
anti bogy eswd?aﬁﬁaaftf&aﬁhf@%ﬁﬂ]@ﬁdﬂﬁs SRR 1h%§5@tz§l ns conprisiiig unnatural

am no acids. Antibodies.to unnatural am no acids and proteins conprising
such unnat {153] swbsnmtmmadmeam@susmﬂatymllgwmcdmplaﬂhbdmiaraéla)ggmmnsfglumn'gc for

purifying th rotein nd uppat.ur am no_aci d of i nvention,

addi ti on, li B%Flgb sganeg, %ﬁ’?% &iﬁﬁﬂﬁg Hnﬁ?@gﬁ%?rﬂ ‘b‘gﬁlé"r‘l‘tnéw‘il BWIWGF éfat e the
presence [ [ tural

ni no aci S@Eﬁfﬂﬂ“ﬁ‘mﬂ% EonBRAR AP A Hnd Rt I e PRIE A B R TR
si tu) of tﬁésﬁlhnhprma:ltﬁhmumo aaid, d.ggras ghotraied byaompostdgumberuhindfipem@l 24ds n~ no
aci is. al, so, the c t hat the unpatyral ino acid can

i tself scon?ﬂ‘f"é‘ HBB“?P% %‘r Bedatgs %%ﬁ%@@wmﬁéﬁ%ﬁﬁ@ﬂégﬂone or nore
unnat ur al @@Pg”edng ﬁsr(s'&ye | SHEOB B0 SRRSO B e Sieqropials

property c e one o mor e unnatura m no aci
ant i body oPumIﬁ’epucnlamatmee-aspaimnm phmlizatior tripe Toiah § ynihesioof (igr e

pol ypeptides .substantially or al | coded no Iobulln enes or
fragments POYNCETAITE W sﬂ) “?’@EB@ﬁFQBﬁ”’Fm%g enes

i nclude thg KR, wé@q@sﬂ@,l 566 a@eﬁ))%mn %?érifﬁauﬁpét‘ ﬂheamarmm ant.
regi on genes, as well ‘as nyriad 1 mmunoglebulin variable regio ge es, Light
chai nar etegttaggi¥i Iéddampmptyhemurkapbddwm of KMNEHCHAphuysiobededtrelr e

| el | alp It | whi ch def i th
 rinogl P OENECi AR Caueion pRAne Ty st fPrhe ﬂpéféﬁ&e'af i uF?’f’“Aet yoi cal
0 TSR afStat AL LAGEY AR T NS AR i OFRE DR Btk TR -

Each tetr ris npose nti ca ype

cach pair gaup pgveothe déditedhtiethabglutamibe ktﬁ)ﬂ@ﬂlhmndlmemhyﬁ@mﬁigmﬂ(%wt
50-701 ). The N-term nus of each chain defines a variable region of about

100 to 1100188] ndndN-Eheyrdicanrles. fprlilﬁﬁfqmq Yy Cespovrd miebs rindfigyrgda. is
recog io r s varlabl chai n
Ty Rt crouigha bERERVTH SRS fln BRkoSh S g e BBaY Bhe AR SeEes,
Barton, D.H.R., Herve, Y., Potier, P. & Thierry, J. Synthesis of Novel a-Amino-Acids and
Derivatives Using Radical Chemistry: Synthesis of L- and D-a-Amino-Adipic Acids, L-a-
aminopimelic Acid and Approptiate Unsaturated Derivatives. Tetrahedron Lett. 43, 4297-
4308 (1987) and, Subasinghe, N., Schulte, M., Raon, R.]., Koemer, 1.F, & Johnson, R.L.
30 Quisqualic acid analogues: synthesis of beta-heterocyclic 2-aminopropanoic acid
derivatives and their activity at 2 novel quisqualate-sensitized site. 7. Med Chem, 35

4602-7 (1992). Generation of the anion of the N-t-Boc-pyrrolidinone, pyrrolidinone, or
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1186] Anti bodies exist as intact inmmnoglobulins or as a nunmber of ,well,
characterized fragnents produced by digestion with various pepti'das’és'.éﬂﬂﬁ
Thus, for exanple, pepsin digests an antibody bel ow-the disulfide |Iinkages
in the hi n3& %A to produce F(ab' 2, a dieter of Fab whirchmisuweldsis a
light chain joined to Vu- H by a disulfide bond. The 20 F(ab')2 may be
reduced ungder .l d i fio t.Q..or the di sylfid | it he hi.nge
O egi onoriralR NN b7 RS bl RaER e Sty b oG G 3 HBul 42
Fab' nonongMitisae! S&EEGE pralllt, mBEﬁECLWntMﬂWFA tRén feREItdHNNBE free dinPib 45@E,
fundanmental | mmunola ,y, WE. aul , ell., Raven Press, N. Y. (1999), for a

nore det ai 1881 dbsasdditian wihesboye Mepatkrd psigyacidss aliheasy § Lyrogine anajegsihees
ti body f t fined in.t f the digesti f i gt act
ot body, | DREDER Eeihfa. Fraed e Bl i et ep SEPalonts DR “rny be
synt hesj zeghee: RAVAsi& ik heghle h@:ﬁh}_@%bgqunatwtwm JatnRhit pﬁﬂre@m,aﬂé&idmif
ody

met hodol ogy. Thus, the term antibody, as used herein, also optionally
i ncl udes awithinodi0& shebimfrihe ausimatic sideshaid wf eyrosipe weee mutited 632, 6840l 6§hol e

anti bodi e hesi e Lng., rec i nant met.hodol agi es.

At | bodi o) SttRE. &1L ind HYSh: b8 dieety OF REpRR hestd6. 8F Hive ey
(SFv or schy)ha@BédniRdished tdcoMiiEMent Maiay dPkEbsiffitns 8 thede YAIVealk @niih@ht
chain are joined together (directly or through a peptide linker) to forma

cont i nuousacigr| Hpeptrctsle asmrietyodi phenyl fsubdtidutionpatieirsn wibh ofésr dafferent

pol ycl gpal ocl on chi nmer i humani z single chain, .Fah fragnments,
Pr el s IBRRER By et oo inastpinors oapgne Hafoduiae Ppuiiy prgfge T
2005 WO 02438 Sehtedl alﬂ%&?ggliﬁﬂﬁéu{dl@?ﬂﬁf;hﬂ& 27C PR @kample! hibeshies P Uiding
invention are valuable, both as genéral reagents and as therapeutic
reagent s i arctamvidemelopatefis opicnelly gendsited ngjhg aediam ephraxids caiericed typrsbresses.
Met hods of oduci ol vcl onal and nonocl onal ,anti,bodi e e ayail abl e, and
can be apBIASEFGRALE P RE Oy aREsar asoeprar Lo SRR R BReRRY A nunber
of basic t iviisdescri be standard anti body production processes, including,
e.g., BorrebaeCk (ed) (1995) Antibody Engi neering 2d Edition Freeman and
Conmpa NY ( Borrebaeck); f . «4Ant i body Engi neering, A
Pr act inlzzsal Approach I RL atCMi-oru lfﬂ%F'.Be/{"gfs,1i1 a(;raééﬁﬁ@r%fand (McCafferty), and
Paul ( 1995)168ht UThowtyish ginimeecidwgRaky is ook fsstthanis tRriealty corBoleatdwhed) ( Paul ) ;

Paul ed. 1999 undanental | ynnunol ogy, Fi.fth editi.on. Raven 10 Press,
Y G | desterimand R TE Ruoaal SREP RN 4 Ry LB SRRiEin. e

Harl ow an i Y-Sy j Har bor
Press, NY; Sti ie’stﬁellglgﬁgpfﬁ@%egs. ;%Egsiﬁgjﬂgﬁgf%ts?%%g%ﬂ#ﬁm%%%ﬁg %4tﬁ ed.)
Lange Medi gtikeRutolieaellipanssabled Nathtal amincGaidsaneltaked ap dmodacriheth 4 her ei n;
Godi n% (1986ggl\/bnocl onal _ Anti bodies: principles and Practice (2d ed.)

Acade Oc_l PFASSHOTNRRPTotsik AR OB FRITIGYRICEY BERPING WaTEing Ceetrs P amingAdit e 256:
495-497. | ’ V& | f: e ' 2l [eTololYs ration
whi ch do n%gl}ﬁg% gﬁé E}%?@.l?veﬁﬁ?@%kﬁ g‘ﬁaa%%@g%%&‘l&en%an an?gra[vﬁﬁﬁave
been devel opathiralrohicancide fised atetakdreup montlext of the present invention. For
exanple, i, . ossi ble to generate and select. librarie of reconbj nant
anti bod: est 8T pﬁ%rgféﬂswﬁsﬁﬁﬁnw %&B%P@?ﬂ%@@, acyls gire opyonally ssrecnsd m@Egymsl 20
" Maki ng i Les. a Aol - . '
2. 435, oo HEAERGGERIDYo SIsD At ARy 1y bRAND AR A IO grof gg.eﬂ%ﬁ?jsoﬂ‘{fﬁé:ty ’ -
Qi ffi?lﬁ_hs ianﬂﬂﬂuncahgn'(ﬁr@ﬂa;hapgﬂmm&@hgénﬁmmm;@lﬁnurtoﬂfcitanhiw-bhidh es by
phage dis pclloal)‘)lingiﬂnres %jclrﬁarﬁtc h?lleosg (aicarl]tnaglomgl'ﬂ%;o(%j lgrl;nderate toxicity, in which doubling

times increase by about 10% to about 50%; (4} high toxicity, in which doubling times

increase by about 50% to about 100%; and (5) extreme toxicity, in which doubling times
increase by more than about 100%. See, e.g., Liu, D.R. & Schultz, P.G. Progress toward
30  the evolution of an organism with an expanded genetic code, Proceedings of the National
Academy of Sciences of the United States of America 96, 478047835 (1999). The toxicity
of the amino acids scoring as highly or extremely toxic is typically measured as a function

of their concentration to obtain IC50 values. In general, amino acids which are very ¢close
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Hoogenboom et al, (1998) "Anti body phage display technology and its
applications” Irnnunotechnol ogy 4: 1-20; G amet at (1992) "i n1\§i[}ErTozu
selection and affinity maturation 25 of antibodies froma naive + {008
conbi natori al i mmunoglobulin Iibrary" FN&S 89: 3576-3580; Huse et al. (1989)
Sci ence 246Y002MEe2081; and Ward, et al. (1989) Nature 341: PeAMISHA®2165[ 189]
I n one enbodi ment, antibody libraries can include repertoires of V genes

(e.g., ha L, adal : : i jtro)
Whi oh ar o A3k RIR BARY Bk BF Sk B R S RERRRE e srdle Yie | 2 o
domai ns onhighestsexitities The formanemidsigedfis hacinesianiypageoxibivafe tksse sel ect ed
by binding to an_antigen, Soluble antibodies are expressed fromph age

i nfect ed bHBRERRRLAHHG AClS CAA DR ARFGIPTEFPTIHALY PFRIcERA inldbiiion of essentinleagunessi s,
See e.g., L 1.0t qgsh rri- 1,993) "Anti body Engi neering by Parsinoni ous
Mut agenesi s Bgﬁggl %O%‘lnﬁggljd temmer et al. (1993) "Sel ection of an Active

Si ngl e 5Chgige] FW:}ABéﬂIH?gMSSﬁﬂ@ opakepahehs for ReE akind @ids, BaRRF 20 yPYre
Enzymatic Inverse PCR"" 5 1 OCT 2005 WO 07ABS97-3 PCT/ US02/ 12465
Bi ot echni q@edcnelly rgpeated-as EoSexpis, ¢ oint mpdia puppdeyentesh with an eiresn obad

> T00- 103; "G ey ey bt 1, Pl icRnBGh b Hhesne R BréfEacser o
nut agenesi gawf aidso did B!ﬁﬂ?ll?&éﬁuéﬁmh abidity 6f theueRddo oW imtiedinRAcoasset tes”

Bi oTechni ques 18:194-19 190] Kits for_ cloning and expression of
r econbi nantosamtfreseaEbprbesgescdhe ndnm aminoackbeffoohaoky autpmpetasitheterin fos. g. |

the " ' ' i hog: e, " .
At shi PRI LG8 7 B S en R CRE e o T s, bR o

anti body hiilngspiemalaueigleda gaedblenipedte pathwagrandasichd IghapdleigmwhbsBunman
anti bodies by chain shuffling (See, e.g., Mrks et al. (1992) "By- Passing
| muni zat | 6éamplmentiting isasguirabioneel! prrviyalFhase Kibs! sdeles srepytremalyisshlfan i ng”
Bi ot echni 102779 i hadi Vi |

R L L e

@cnet , conpf theltbxiBiallelpy ovddeniced by BE. redtvsanion bi b&lbgz@wm,,su@»ﬂé‘s thkQneasnatis Ltd
(UK), a.Synthesis, Inc.,. Research Genetics (Huntsville, Al abanma) and
many ot her 3minoscid pgkentndist thaicall diossbihy hyithe same uptaks pathyay pothatassighed ko
ant i bodi es,af {_nveptl 1 ' -be
adm ni ster Iéh %‘ﬁg‘fﬂa}iﬁ&t‘?i‘%ﬁ%{hjﬁ?ﬁéﬂ?\é\ﬁg’h ?%fﬂ%ng%@g%lé‘pogéﬁ%? %‘%h?eesgﬁlgsnadlg to
reduce thecemgusignae: tie examples peovideliitow esponses agai nst the therapeutic
ant i bodi es when the patient is _a human). The anti body references

(e 1y . . I
above descil63 %%ﬁi@éﬁ'?% e 25 CBH1Eed 10 the suynpics helpy. Aeranstriedhaing i bodi es,
human ant | poghEshendloR b1t nflbBRAMIS Rl JINGesliDNE AR niiRTANL | DO e
consi st of characteristically human | nmunoglobul i h Sequences: Human
ant i bo2ih es qasiiatbe | piseksimgriino usidngtake Wlte meshiddetypically raguiredifar (eseeifo®. 9. |
Larrick et al... US. ., Pat. %ﬁ 5,001,0 5, for. review). A general
appr oach” f B1ansadialabeling IRtgevmbeTs o Fampoupds andiis gl BraBPEAIVANAZRYE | bed by

Gstberg et : ASTANola sy sl - t-RGE F No.
4,634, 664, ménﬁdﬁég'ﬁ%ﬁﬁe‘? e i e Ggg'tzmm%ﬁﬁ g?’f,&%gg?m %52] A variety
of net hodsopticnaly ngedtotriidlli ®aliare thh eelhdarn Spitalet ofanwista darge tof et dleemlasfsuch
proteins are known gnd can be applied to detecting and purifying proteins
conpri si ng3s THEHAE ﬁ?lalhaﬁ’rﬁwgéc‘?aﬂgﬂlﬁ’g‘%?@g”ﬂ?e?@w ldf' ﬂ“”d‘gﬁergé’lrfxﬂ'ﬁ?]f”bé?&ﬁ es
are usgf ul stfﬁé%g@ ti&?.ﬂl‘sf Jskd B e‘\-alﬁ’ﬁ?esﬂ-m%élhﬁhpéﬁthl&%f theBMRARIEMhRb s af finity
chr omat ogr apy t hods, SPR, and

presented herein. :

[164] The present invention also provides a genera! method for delivering unnatural

amino acids, which is independent of all amino acid uptake pathways. This general

method relies on uptake via peptide permeases, which transport dipeptides and tripeptides

30  across the cytoplasmic membrane. Peptide permeases are not very side-chain specific, and

the KD values for their substrates are comparable to KD values of amino acid permeases,

e.g., about 0.1 mM to abouc 10 mM). See, e.g., Nickitenko, A., Trakhanov, §. & Quiocho,

5. A structure of DppA, a periplasmic depeptide transport/chemosensory receptor.

Biochemistry 34, 16585-16595 (1995) and Dunten, P., Mowbray, S.L. Crystal structure of
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30 many ot her nethods. The references noted above provide details on hom1to
perform EL.ISA assays, western blots, surface plasnon resonance ﬁ

the like. [193] In one aspect of the invention, antibodi es of t ventlon
t hensel vesWth¥®833 unnatural ani no acids, providing the anPCwﬂmnHSMWﬁth
properties of interest (e.g., inproved half-life, stability, toxicity, or

the |iKke. ' I £5; C}:H'Blte' f .
021085923 @%’%@%ﬁf% conﬁ%ﬁ%‘gs%gﬁé%gﬁﬁ@ lflﬁbll(‘:’ I ni ca tr| aﬁ%ﬁoﬁ?\%t trup,
(1999) " PhagencomxidiPsplebyScidndatie 282734 (15933 - TRelumntiralndminodicizls agy thenised

ubi qui tously as di agnosti c_reagent Accordi n t he bility to nodify
ant i bodi esURi e aﬁﬁﬁ%ﬂ-‘ﬂ?‘ﬁ? obpatwe! &@i@sacﬁ}so%cbé’g é’f‘ Fﬁi gt irgyther or

nmodi fying { Mf“ltﬁ; t

applicati OHE&%%%S t cﬁ'ohéﬁ%?@fe;mgépt%&%gnaggﬁgg '%'aEs&(ﬁﬁBg&%de Si npl e
spot t &st steftahizmpprobtly ehevamtiisizod dovesd Ammbyd drel Lyacdlon Hipgaplida byNoRd phake10
MAb from DuPont. Merck Co. used for tum)r I magi ng, (Busch et al._ (1993)

"NR- LTJ- 10°Ymewsic) andestedh thegmaythseladi. rgli siramdieficient melwaapmmthw %nput ed

t onogr aphy, I asc
Bur o 1o6: "11e1s Y g A BRERGce S abecdRPo £ epobs. STRE By S B
bl otting, lysinBunakbRifoshdsy cehd fsithe tipepiteusatogng e umnbhwsanting adile Uptdke. Any

such di agnostlc anti body can be nodified to include one or nore unnatural
am no aci ®f ghosEonasering, phosphonotyrepise, Reptafiuprophenylalaning. and qaged spine Gavey

{21 9%t1g Ol B s HlFOF SRt B BLE RLARSEIoobsprRelion 1BAGRUST 1O, 2

det ect'abl e spectrograp escent um nescent, etc.)

15 t he unridgheralipeptide ooenthatidnkO AtHongh apaks isafasiahnmdived vairt lhbmbyhcrrbagent S
are therapeutic Abs, For_ exanple, antibodies _can be tunor-specifjc MAbs
that arresRrovigad hﬂrgwbw RiteRpativg (Gedesigging HRBAtUER (Amino acid thik are amanable thy

ant i body- “gﬁg m&@%@ di ated
lysis (CM. d@?[}}gﬁ Lt’hr typﬁogﬁ%@ﬁtﬁgﬁ%g @ referre E)dsalge" magi ¢
20 bul | et s¥iye. One exarrple is Rituxan, an anti-CD 20 MAb for the treatnent of
| i on- Hodgki ns | ynphoma (Scott (1998) " lituxi mb: a new therapeutic

nonoclignal anti body for nBissyREaKbNUEnANEPARTRO AGadacer Pract 6: 195-7). A
second exanple relates to antibodies which interfere with a critical

conponent [d65T My Bicsymthetic-pahways sliegdyexigtinicellfer the ProRwRISPEIAMIPR | body
5
bt i body. vicds ol SRk PRRL o BREGRhe SRR £ GiBaERIRIR Bupe > o1

humani zed adéfRdy aot ¢:hadi nbides, eantih®) colnhe pRsertlieventibi ptaudy ssackl meihiogs.of
pacl it axel and doxor ubi ci n agal nst  HER2| neu over expressi ng human breast

cancer xendyreapmgle, pissyitheitepatiw it fornanspaak aning acids aerontonaliy pawrated in
59(8 020 bodi
P0LE) 0208 0t S B RS i S BT h 2GRl D00 €

directly tenzgmesaroptonallyneatually @cofirihpbedyasds. urﬁarr@xmmed@n@mapmmcat i on
Mab is CYT-356, a 90Y—I I nked anti pody that ;targets radiation directl
prostate tfaﬁ#ﬁwk‘e 1 WopmEesisiof gramingp lalaningtampmsenied HbathSHEMe Pelay ory

prostate
128097, AT ‘gﬁ'i%%Bd‘%ﬁxggﬁgﬁ%?‘sa@ﬁwb@% A 3 eﬁ%n@r%ﬁi@@r ug her apy,
where an egengifortiaest aﬁ@}mﬁeﬂnﬂ:e itdpduced Iﬁ(fﬂ'a 2610%. g o an E. coli cell, by transforming '

25  the cell with & plasmid comprising the genes. The genes, when expressed in the cell,

provide an enzymatic pathway to synthesize the desired compound. Examples of the types

of enzymes that are optionally added are provided in the examples below. Additional

enzymes seguences are found, e.g., in Genbanl. Artificially evolved enzymes are also

optionally added inte a cell in the same manner, In this manner, the cellular machinery and
30 resources of a cell are manipulated to produce unnatural amine acids.

[166) A variety of methods are available for producing novel enzymes for use in

biosynthetic pathways or for evolution of existing pathways. For example, recursive

recombination, ¢.g., as developed by Maxygen, Inc. (on the world wide web at
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WO 02Mb923 PCT/ US02/ 12465 a tunor activates a system cally-adm nistered
pro-drug in the tunor vicinity, For exanple, an anti-Ep-CAM &hf¥body |i nked
to carboxypeptidase A is being devel oped for treatnent of col orectal cancer
(Wl fe ct al, (1999) "Anti body-directed enzyne prodrug therapy with the
T268G nut aiO e¥08R%Fan car boxypeptidase Al: in vitro and in ¥CYESE/SueRli es
with prodrugs of nethotrexate and the thym dylate synth ase inhibitors OV

1031 and RN CY Bﬁ{q;, . t jsts) are
desi gned t@ﬂgﬁéﬁoﬁ)’ggl §} in E‘%F?ﬁﬁ%ﬁ% n%%ﬁg?é? &Iﬁic]tg%ﬂ’(')‘ﬁgﬁf g’?g’ﬁi%f apeutic
benefit. Afteexaeri?84) Rapd ¢tvhatomnd a@EBin iarvitamby DCDB sivibirgs,'T édaadreBiol.)ohnson
and Johnso r ugj cut or ga [ | ant_rejectign (trace et al.
(1990) " -2 ohidaores Il e £ loRb AV 7 ufﬂenéa%faéa?@_ﬁfmma@ﬂar af t

rej ecti on” old ARSBIANL 1RVAko K2ombitiriel fortiRbARL: SbARonOTPRE! ABE RLagPifUCT S
are agoni sts. ese "“Mabs are designed to specifically enhance nhornma

cel lul & TASACVobA$: Porl0F#BlapEut Similadp &lesignPEbFH aleacippe byvabndmase@naponi st s

of acetylcholine, receptors for neurotherapy are under devel opnent (Xie et
al . (1997) wok pude wel REATICHT) 199P ﬁ%ﬁiépwﬁ@g?hq pathway S ginsringe

receptor clLuys l i LfhGalil or 15, j:S . .

Bi ot echnol Eﬂ%ﬁ%{%@%ﬁ%?'ﬁﬂ&%&f 5?8{%%&%9%%@[}16%3@@&@%% 'jé' ?r"‘oigﬁ?‘:ﬁélam?% i ncl ude
one or noreecomAktsreaistingipaihwags th kaat erghaisme using aeomiinatich benapgaﬁdscc,?r,oper ty
(specificity, .avidity, serumhalf-life, etc.). %9&] Anot her class o

ant i body pHEBiedtheusyifaRctivgslgenpvc: mshaclesiar evalviiopandssaigas Diyassa hi s

rou e j AL i U ] .
gngi ﬁe@ ed@gﬁ%@hi?ﬁlﬂﬁiﬁ&ﬁﬁ%ﬁa ‘ﬁlﬁ"éé’a'l 1t egﬁg;‘{ Mgﬁ%ﬁﬂre?ngﬁ%y%ﬁ?a \Rl)?l? h and
Janda ( 199&jreéniiag bhruti¢scofagehebod gat paihwayOere. Chemaki wdw pdtB&avid. For exanpl e,

an interestj pplicatiaon 1nvolves usi the catal ytic antjbody mAb-I5A10
to hydroly o2 spigally, thebig 13 elbpdal e Erﬁ%ﬁnawﬂ%w-g-gett‘iﬁpa%mb%) "A

catal ytic aghkho arfRf 'm_fHG@Mﬁmﬁasﬁbpﬁ%&t maieai.%gﬁéaapen gpd toxic

inBEitinp Rl
effects in rats” Po ll\l'lgt] Acad SCi S A 95; 10176-81). 25 talytic
ant i bodi escthat ammbswids grodudéd inatie tell.i ol axdmplreepathwapueduo padducap ARifrome aci d

to i ove one or re pr.pert f jnterest. Purifying reconbi nant proteins
conpr i 5 ngeARRTAE RIPAUEE RATAE MRRcqHue BF SPRieRatAS S &ther ERATS FIIRO o, |

proteins coupl ﬂg?ic?xg?' PRt BomIAbAGAE afShot s@iﬁdﬂlﬁgﬁ# ﬁﬁc&&i._pfﬁgfdl Oh% artially

conpri sing unnatu amno acids, etc., can be purified, eit
or subst antmmitiryl dminb eodgeodices widicmmngineeret bicgynihdoe pathwoy efithe gseskniown t o

vent | on TXAMHRD 5 payoes bk SRR SLETcEAp fr T BROAT OB os e |
known in tRgua 5?11dz&%mﬁhﬂ%utﬁ§a$%u@¢€g9&%s tMQ@&ﬁﬁg?&%&@ﬁ%l&?% dREOS €.

g., ammonium sul fate or ethanol precipitation, aci ase extraction,
col unm20 chamivex agigtsap byhauat faliniar yesooivasmT ypicad wanagtraping, pradiced rovive & thin

Pt or act i oM AGEEh LAY 1 PO OLpIbE HeE A B Sy LR g
| |- ) )
chr omat ogr gRbvid QRtpriRind! tRE BERRRGELR ftodRE chfindd deSire IR b b&ifiehahdapandt eps

can be used, as desired, in making ‘correctl’y folded mature proteins. High
per f or mancetwingyHiest otninmadid.gr @ pivic (ddpp, O-rodthylAi-tyrosine, carshaolike phgeneratast, her

Dur ity | SPRE FB0OTT S ABURTAIGORA IR e v % neeafn AR e NiRRd &1
ami n]g)_:;agcit d$mir@rachy ok BbtRSiteeshal profefi Haittesis'sR@t4Il @lowaRl N0 aci ds) are used as
purification .

Compositions that include proteins with unnatural amino acids

[168] The invention provides compositions of matter, including proteins with at least cne
unnatural amino acid. The invention also provides compositions of matter that include
proteins with at least one unnatural amine acid produced using the compositions and

30 methods of the invention. In one embodiment, the proteins are processed and modified in

a cell dependent manner, e.g., phosphorylated, glycosylated, folded, membrane bound, etc.
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10 reagents, e.g., for affinity-based purification of proteins conprising
one or nore unnatural amno acid(s). Once. purifled, partial L)é biﬁ
honogeneity, as desired, the pol ypeptides are optionally use éﬁgz as
adsay conp@iB:9%8her apeutic reagents or as i=unogens for PERUSYHAGS
production. [198] In addition to other references noted herein, a variety of.
purificati r f rﬂ%ﬂﬁ: t

i ncl udi ng,ﬁgég.?{ﬁ%géééetﬂé? all lﬁeﬁid& %fgtgxe%%%b l}rlltﬁﬁl%g‘% on

Spri nger - et.gagt kasYab:ﬁﬂ%ﬂZim;r@mghmast mumm mmr@wamt a:;m ab::-\ioﬂ[]ﬂ 182

GQuide to Protein Pur| fication, Academ c Press, E 1990 Bandana
(1997) Bi OFHSAFTANSH Pt Limjligratpeerenyee apeay gl “‘ft ms@r sorapt the 996)

TR e A
Pr ot ei r5_Pufdetsilabh escofyhitdane ptotein prodicRomand paificariomate prilidet Berig! Fokf or d,

Oxford, England; Harris and Angal Protein Purification Methods: A Practical
Appr oach mgrrml%éhe proteg SEpHon aly et ihiGE SAeposition ald teﬂmgwananqftaélﬁaﬂ

Puri f t
Janson andeoun SO PEBiSER 27 Bk & Wast Mot 30 itk Al MENADER 1081 gy
Resol ut i onmm:,geﬁ;s paniitedapldastaboon¥0 AlyrGeans gerdlited, lapi&aANabeM-Mnﬂthshﬁ p@ri'd
Wal ker (1998) Protein Prot ocgl.a on CD-ROM Humana Press, NJ; and the
r ef er encesliEh©Edt keas pey 10mdbarams PR €HOT A P5IcinF OLTRPTE MICHOSTABS SF Projgin 1
t
e s A B e T e e R

rel evant p@d]me@flecg:§an3ﬁ¢kraeﬁr@ﬁmbeut T key gteait Ilol'ﬁis} ﬂﬂﬁ(iu@cﬁﬁl:uby oBlarg¢ okar yotic
systens often are optim zed by exposure to chaotropl C .agents to achieve

proper f ol @HaRgtieTigrs-rfgepen hatthaidypiesly pesiblewih othey methods e etitor om E.
coil, the t?ﬁ%&fa‘?%ﬁfg%a e@{a%ﬁt?ldzld% yg°£t1+aﬁgﬁ+é é(m% t:}ﬁhﬁg agﬁqsa?&hnﬁ%@% ur ed.

"t hIS is acconp |2|n erns 1n a chaotroplc

agent suchin@&ntiinainiddi mEaHmta@SGieﬁhbﬁnafmv\o O\/O<S923 PCWUS0242465 [ 2001 Ln
general, it _is occasionally desirable to denatum and reduce expr essed
pol ypebt i ddd0hnih an@ﬁuthnﬁdgrseeﬁ@tmﬁ yf‘pépgiea@g thepthaptypinally pRssblemath

P haper oni OB IEEBAs, 6, in SREo FHRIROR oL BRI 1ydt PR lesel dne WlpANES6
reduci ng, steditafeatng: @fithe trﬂmanmrr armigis pn ateantspeovambeelrior aknFonetamploake of

ski] I inthe aft (see, the references above, and Debi nski, et at, (199 3)
J. Biol. dnliinto symhesize lapsmusniiries of RIQIEINREFNARINEPEEN hea\g%?m& foeiditgtery.

Cbem 4: 58 nﬁlﬂﬁs f“%'%ﬁg i ochem ,' 205: 263-270).
Debi nski , ﬂmﬁéft O?H%%gﬁ% m]?tﬂéésgl’l}% t ﬁgﬁlﬂ?daatl on and reducti on of
i ncl usioon "AGEYy ProineomPsration ogmnnmm}ﬂiiﬁna’éhbcqnﬂmtcmnammag] mﬂoﬂﬂfaﬁgﬂejd in a

redox buffer.contain in .a.,, oxidized 10, gl utat hi {Ag a@ rgi ni ne.
Ref ol di ng’ P'E&'@‘éﬁﬂbct%ﬁ“ ar ‘4“69‘%‘&1 ecff-+ IQ{THERER 4% AY nugiegphi ¢th t he

one or nov |l eic
aci d Jand- ?ﬁ"@@e%? ? %ng'goﬁgf CQE&\Q/%PW%’F@%% %ggescg'gep}{dt%g‘\s}gﬁgn ! deﬂiﬁglw
the i nventmmmtmalmnudeamﬂaan ham:l anhangedi ot cveroentivelylneet datdyseouptneral and

pol ypepti de. anf acid se u ) OARNAs and 0 15 RS s, an d, e.g.,
conpodt i on%fﬂa?ﬂ}ﬂ W&&Em‘é* ?\W’&ESPEERFI% HE@aﬂE%%ﬁ"éfbﬁncg“éﬂ%Pf '
Sequenges, aﬁuﬂatur%‘ﬁh‘ﬁéaﬁﬁ‘i‘nt@ah?m@fnetﬂﬁﬁ Bkt o, HHY&M-ET g&%cé’f ski J
inthe art w appreci ate tH at the Irvention | s not lrr;m ted to these
sequt nces stiecisascopis pdopeemsnchemica) and/or photochemical properties, catalytm ability, half-

life (e.g., serum half-life), ability to react with other molecules, e.p., covalantly or
noncovalently, and the like. The compositions including proteins that include at least one
unnatural amino acid are useful for, e.g., novel therapeutics, diagnostics, catalytic

30  enzymes, binding proteins (e.g., anttbodies), and e.g., the study of protein structure and
function.
[172] Inone aspect of the invention, a cnmpﬁsitinn includes at ieast one protein with at
least one, e.g., at least two, at least three, at least four, at least five, at least six, at least

seven, at least gight, at least nine, at least ten, or more unnatural amino acids. For a given
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the Exanples. One of &kill w Il appreciate that the present invention aI SO
provi des many :unrelated sequences with the functions described Chf

e.g., encoding an 0-tRNA or an 20 O RS. [202] One of skill wll

appreciate that mmy variants of the disclosed sequenees am included in the
i nvent i on. MR Apl e, conservative variations of the di scPEEBR2B¢Sel i ces
that yield a functionally identical sequence are included in the invention.

Vari ant's Ofroteik with Uidre titanafme nRy) abed PRIds, the WHASMAN 6BSao W&/ Qh 13 the vari
an ts hybridi zt tg at leas t one 25 disclosed sequence, are considered to

be i ncl udeidentral pediffareantd. pnthe pavtginean mclbshqweme@re gitfarens typeq of @noasgrati

?echni quecsip Bty Fh e R bt Bifpm B Pre B RRRER B e 0

[203) Oni nghthp the dege-nerac y of the genetic code "si lent s abstitation

s" (i. e., substitutions in a nucleic acid sequence which do not result in

an al t & atf1§3] | Besantisdiyowa guotemdhytiaguiesan Lmnatumﬁammp}mdl(mwe of every
nce which encodes a ar |

| d
Cirvat! ve S S: AEC HEHRe Poic it Bre iy flreins ot s "

02/ 085923 RGILHRRA/ukAGGhRe Qzﬁh?@sﬂ!ldhs%ﬁdﬁ{é‘ﬂfbasﬁéﬂe% 96 HRAAH i@ dds ubRfehifit ed
wth different amno acid w simlar properties, are also readily

i dentifi edmaéumﬁagnﬂthgmﬂaydmfmﬂnam nrotf:msclarefcﬂfo'dndl c«mdmmdnﬁnd teeinchide one

conservative variations of each di sed se ar e of .the
present i n‘?fe‘ﬁ?ﬁeéwnatgrﬁ? “ﬁ%r?s%r %“5/%{} %gﬂqg)lﬁgmugqu ﬁé‘?‘? s diic ei c
acid SLQ‘FIUeﬂ%rﬁﬁ:ﬁ:ﬁ@lﬁ?zbﬁnﬁt@%lﬁctnﬂb'@dcﬂhﬁ 2361k it WahIRIANS 9L, '@@:ﬂﬁl'oﬁal or
essentially identical am no acid sequences, or, wheré the nucleic acid does

not encodesegnenanireppsiieias foekmay protains mslslémﬁﬁanth@It RRBT awkdadHeRE. One
of skill reco ni ze that, indjvi.du t|t i.ons,..del etions or

addi tions h}"rf &{D&P ca'?aﬁladfﬂgr]md%?"é'?ggéy lﬂtgn?f&l d or a small

per cent ager1gH) aghd rehsedcldss of pmma@mavdn%sﬂdaaﬂuﬁ%e BBImBoditi@isamlll ¥ | ess
than 4% 2%or 1% in an encoded sequence are "conservatively nodified

vari at i onstneihids forihuivalineyparadersof maaiural jaminhecidedasenbead reinpncledtisno aci d,

chem o | yro@BRRRAS R Exafpi SRty B I RGeF Wl s o1 ca

pol ypept i %rﬁ[ﬁ&u%ﬂear fiore ilR0PAESSINEe, er;/e.mghm ahﬂ ehpeie, Andisditnyti ons of a
smal | percent age, gl cally less than 9 nore typically |ess than 2% or

1% of t heAahﬁwla@ §t0®-fﬂ“€lh'@dlp®(f}lﬁb$ftﬂe@éls§équms wald betastiser vat | vel y

selected a acid o er tutl ly,
the. addi | SROGIREUnenpalbidf B E0PRERE orohaL i hish® s3] BBy a1y
nucl ei ¢ achehrideR IR eherfitkifesa(@. ol T39305|INAR2, BN 278 dhrof 4 Gl GRd-coBUUBNCE,
Is a conservative variation of _the basic nucleic_ acid. 20 -1205)

Conserdfat iGEPBRAR-HuSPEH, FEb MIGH Celsitoning Cushemokings (5:8s Mamoayteani no aci ds
cont a.“ﬁ' ot e éi'ﬁ%é %ﬁ@ﬁ%é‘ﬁ’u 3 c%%@ %3% i vﬁ@%k%. ?L? ons 1 8?
T64262), CD40 ligand, C-kit Ligand, Cnllagen, Cﬂlnn}r stlmulaung factor (CSF},
25  Cormplement factor Sa, Cnmpicmtﬁi: inhibitor, Complement receptor 1, cytokines, (e.g.,
epithelial Neutrophil Activating Peptide-78, GROo/MGSA, GROB, GROy, MIP-1¢,
MIP-16, MCP-1), Epidermal Growth Factor (EGF), Erythropoietin (“EPO", representing a
preferred target for modification by the incorperation of one or more unnatural amino
acid), Exfoliating toxins A and B, Factor IX, Factor VII, Factor VIII, Factor X, Fibroblast
30  Growth Factor (FGF), Fibrinogen, Fibronectin, G-CSF, GM-CSF, Glucocerebrosidase,
Gonadotropin, growth factors, Hedgehog proteins {e.g., Sonic, Indian, Desert),
Hemoglobin, Hepatocyte Growth Factor (HGF), Hirudin, Human serum albumin, Insulin,

Insulin-like Growth Factor (IGF), interferons (e.g., IFN-¢t, IFN-P, IFN-y), interleukins
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4Ar gi ni ne (R)Lysine (K) 5lsoleucine (I)Leucine (L) Niethionine (M Valine
CV) 6Phenyl atanine (F) Tyrosine (Y) Tryptophan (W 25 Nucleic Acid

Hybri di zati on [206) Conparative hybridization can be used to identif

nucl ei ¢ acids of the invention, including conservati-ve variatidn$ BB% 4
nucl ei ¢ aci@¥¥55#He invention, and this conparative 58 WPONWSEDES

PCT/ US02/ 12465 hybri di zati on method is a preferred method of distinguishing

hucl ei ¢ ac f.d§ B tihe imvertion.-sl n.addi ireng, M@EIIU“BQJIQ' 028 s8s) Whi ch
hybri di ze to t he nucl’ei ¢ ‘aci ds represented by SEQ I D NO 1-34 'undér hi gh,

ul t r a- hi ghKaraginodte ﬁmmmrﬁacmrgKC&?}erﬁnmn lmkﬁmamhl’osmw factorfIaadifigrase.of t he

t h, th f
i1 ont or BhauRy NerTer Rl elonI0EE e SR O et bR & i ven
nucl ei ¢ acpgra&@%@ﬁs&m#ﬁﬁme\qu%epu&pﬁue h@&hshes Se. gamn&zﬁ\ GReapfically

hybridize to a probe nucleic acid when it hybridizes at least' z as well to
t he prdbe Hemhone) tﬁemmtzmcf’rqtmm Mlmﬁ;ﬂﬂreggnc exotoxinaAg &, and CeRelawint h a

signal to poise 1 as hi t f, t robe to the
S0 ar ot Bftiny SCErantfts remplerisnl Beoe it SIS AN : ShBeRinkeoBh s to t he
perfectly ﬂ%g@x omg,qngrg gy {@ngeiz, %tmqs§lmlﬂgﬁ%§ﬁ| 0at io that is

at | east abo x as gh'as t'hat ‘dbserved'fo; n to any of
t he unmat cﬂmiamamgmt Snnmioeiaunaﬁ:wrdmstmﬁiﬂﬁﬁt}'embhmecSlmmmxg'hh:gb:J di ze" when

vart oty of %éﬁxrogﬁﬁél‘;%%%%ﬁw‘zﬁﬁ%hﬁéﬁﬁ- Shih S B S SR S igar oger
bondi ngy hyg ke, PRI PR syIRRSRe 36,3 KOO0l Afosid 158 LAY ﬁg@gﬁiﬁg@%aw de

to the | zation of nucleic aC| i's foun n Tifssen ratory
Techni quesadtivatoBi Tiphamestasis factdr hh éEHFémtaﬁfhimmg;ccthbcmdmaptbnﬁrmh

Nucl ei ¢ Acjd Probes rt er 2, "Overview of  prjnc

Pybr i i 7at FEOGIE SHE Cior ARG TRE S oY SR GrEr e GroSup Secior SGRF
New York), iWBE bn@Shah0 oflasubel , supra. Haynes and Higgins (1995) 20
-.Cene Probes | IRS. Press at O(f ord University Press, Oxford, England,

( Hamres an[;lTSI-Ii hgnpef tiesapobidianas canundriigly aeailabBASye, Ganethe Sigrs? | RL Press

t Oxf t P Oxford, ,.E Ha d H 2 d
det a1 8 onBiaséieasen2002icailaze and BHCe Lo g Ao PEBO R Pror e C SRR DAPBA and
RNA, inclu rﬁgaﬁ’d 't lr-}lsﬁﬂ.h q'ﬁﬁantE Mﬂf’qﬂc@&ﬂm&rﬂse@tﬁg’ GERBENK), Any of

hybrldlzatlon COﬂdItIO fof hybridization of 25 conpl erentary nuclelc aci ds
whi ch havetheor@ntbhamodified by ﬂplmmh@ranlimcemmmemnﬁuml afife @0id mecoadi®®ta her n

th bl ot 50% f t 42, ., th th
Pybr i di 24t PRSPBERBvaRAR Go- Bt (8 PoBH vk e RapIcBe 3 misFt HRERR Suash
condi tions n)anpin@f‘esﬁsﬁxm Bs 8t th@?&&ﬂfﬂ“%%]@\?ﬂ”&)ﬁﬁ]ﬁﬁ%QHCIMﬂmﬂlfSupr a

for a desc]l? ti'on of SSC bu fer) ten the high stringency wash
pr eced bhffashedfvhaﬁtlﬁﬁeng@hihw waswnﬂgﬂmtatmﬂ‘@r@ub-aa@nb'uddembbaf Eigiyt . An

le | t ' Of utes. | |
S anal t o T aBb prtptRE ko g aifabe! Bt Bl B popuP iR ot oo
Erpg E?f : 2 t %}H}%ﬂ??{%flg&iﬁh?ﬁ L@Qﬂ hg bﬁh@i‘ L‘iﬁ@ eﬁ@ﬁ@ﬁbilﬂ? kS &ESthe BbaP Hirdietathe 2

gastric tract (e.g., oral avaﬁah:hty] or the hkc

[176] One class of proteins that can be made using the compositions and methods for in

25  vivo incorporation of unnatural amino acids described herein includes transcriptional and
expression activators. Example transcriptional and expression activators include genes
and proteins that modulate cell growth, differentiation, regulation, or the like. Expression
and transcriptional activators are found in prokaryotes, viruses, and eukaryotes, including
fungi, plants, and animals, including mammals, providing a wide range of therapeutic

30  targets, Jt will be appreciated that expression and transcriptional activators regulate
transcription by many mechanisms, e.g., by binding to receptors, stimulating a signal
transduction cascade, repulating expression of 'h'ahscriptian factors, binding to promoters
and enhancers, binding to proteins that bind to promoters and enhancers, unwinding DNA,

splicing pre-mRNA, polyadenylating RNA, and degrading RNA.
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WO 021085923 PCT/ US02/ 124- 65 12101 " Substituent hybridi zati on wash
conditions"” in the context of nuclei c¢ acid hybridization experinents such
as Southern and northern hybridizations are sequence dependent, hEdiCdridlh

di fferent under different environmental paranmeters. An extensive guide to

t he hybri dMOIBAYET nucleic acids is found in Tijssen (199BETTHsuprAGS and in
Hames 5 and Higgins, 1 and 2. Stringent hybridization and wash condition s

can easily ] ! I . est Leiracid. _For ex
ol et a7 S PR LATRE ket 4o b o it LE; pOEREME BBE R ¢ Cons,
the hybri digbirgnndfo geid@shcloddeiiri@nsh Rtitatosy adhat bitokines, eRB@amb@ng. , by

I NCreasi ng terrper ature, ecr easl ng salt concentrati on, I NCreasi ng det er gent

concent r at mgiechise/ssowihfastews iheif retrptersradoneegans products gdnilttedenkitieg.l G

criter; a e Tegy Sk it aohe ROt P Hor A Bor, BRt T R d At B
graduald y EQE REFSICHRLIKE, @DRIRAD4Y, WSA 4NCAMIS! IR v/ Fal £ hiad
conplenmentary target with a signal to noise ratio that is at least R as

hi gh as t hiyalwig€bPdédsigrol tragashucton molasples aind herrespobding oneagenn pedobiect.g.ar get .
2111 "V tri t" di t,i | to b | to the t

el L1 g poviee RassRetragd R e sERSeiofal Gh shes sl UiRtesishy mipERar o e
(under —defynedIunoRive, REN SRD§EoADEormRidk r@éegm sehaR &k fém,ubgé{, sequence

hybridi zes to a perfectiy matched probe. For the purposes of the present
i nvent i on, progestarand, yestosterggte, gldosteiongethe LIy tecepior igargrandredrtigastisroneondi t i ons

are sej ect o,be _.about 5" C l.ower thap the. T. for .the specific sequence at
o © dor o188 BrPay xR REPHRY CarutIng B upaiclsisa eIt ool AT e g atiar

hybri di z. afhg RRbAMESHvERRA. tBRRRampleNME Sniehtivh ol R SLELRARROR Y
hybridi zation and wash conditions are increased until the signal to noise
ratio for ioreiatiyalofminhacids bbeng or mpes yaerine prdtginswitbredinpeiwpll emime 20ig, Vet
nuckic acid_ i s at 1Ieiast.l a3 i héas hat ipse ved.for h%(_ ridization to
any of t heS-&m HETCISLN TP JEECTe T Bef BN dchﬂ%?f"@ e R which
hybri di zespdric\dally S0Q:14MARh sBHER aGARIE ForQiathogbhicbaded, MiveHPds thadiflyse ratio
of at least 'A that of the perfectly matched conpl enentary target nuclei c

aci d i B saimparignthasrinsueihes Faphdoapsdicle.gulairenshi qgi¥trepideaesd (6§-. condi ti ons.

1213) Sinilarly..even higher. levels of, Stri b i ned
L P R Bk b Y S PR RO R SR
rel evant hylr flgheAatd Ay Aeeadma, BRihnfhad TR hombBRES Gidrdih) e, ti8scs badngancy of

hybri di zati on and wash conditions are 30 increased until the signal to noise
ratio for bitRiAmyireses {exapipasdnclude Poevipses o8+ bycortecheamavismes e wobey

target nu [.c.acid | at: | . 2 50X, \ e as
g as ¢ nigeuiBER ek Pl P sd o8 PO Ve el CHat i
nucl eiz acfeds, RifsbdbaRget, eIV SVePaaingwitribs, BYDIRSV 70RhémyRomARS e gnder such

conditions, wth a signal to 601 ~ 0 Z~ I_'-D MW 073055923

PCT/ US02] lipBgerpapBuryavissesoansk Agpnayigess). dsDNAqriruses Reoviusesclor eyamples hed
conpl enent t. | ej i.d I } . er
ultra-ult r%ﬁ%‘l téﬁjrg%rvi"ﬂ'g%hg%‘ gﬁ@@ﬁ%@f%%ﬁﬁg@%ﬂ%%ﬁ |)%F1° ggﬁnot
hybri di ze Yiusegglrhas brpaitihder stringent conditions are still substantially
identical if the pal ypeptides which_ they encode am substantially 5

i denti cal .[F¥TH] sAgagey f cazygnes (ﬁﬁerﬁ“‘é’sﬂb%yn@fmw Referlee e mpdifisd tg1rglydes t ed usi

NG t & 3TBXindBiHibre GRARE A HARISHUALYecBRIAY ol B8 i dl fie AN SbLIF aCH0Rases,
amino acid racemases, acylases, dehalogenases, dioxygenases, diarylpropane peroxidases,
epimerases, epoxide hydrolases, esterases, Isomerases, kinases, glucose isomerases,
glycosidases, glycosyl transferases, haloperoxidases, moncoxygenases (e.g., p450s),
lipases, lignin peroxidases, nitrile hydratases, nitritases, proteases, phosphatases,

30  subtilisins, transarminase, and nucleases.
[180] Agriculturally related proteins such as insect resistance proteins (e.g., the Cry
proteins}, starch and lipid production enzymes, plant and insect toxins, toXin-resistance

proteins, Mycotoxin detoxification proteins, plant growth enzymes (e.g., Ribulose 1,5-
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Uni que subsequences [2151 In one aspect, the invention provides a nucleic
acid which conprises a unique subsequence in a nucleic acid sel eﬁgﬁgiﬂgrom
t he sequences of O tRNAs and O RS s 10 discl osed herein. The uni1q L
subsequencwoiog/gsIzriue as conpared to a nucleic acid correspopgknglig an y
known O-tRNA or O RS nucleic acid sequence. Alignnent can be perforned
usi ng, e.g%fspBLAST set to, default paraneters. Any uni que subsequenct is

e. g

useful, hogghate feshesyiase/Onagrnass, “RABISCA 3 ipoxyeenase fLOKY advent i on. [ 21
Similard . . . ) . . .

e, 15 SsshEnbRRAAPER)EatiRAR BOLIRSRIE Y R OANRE SEfh

di scl osednbdifieatibn. Here, the uni que subsequence is unique as conpared to a

pol ypi -, pti.de corresponding to, any of known pol ypepti de sequence. [2171 The
i nvent i on [ABEL Gensy redise forpretsingdncinding al legstaeddnamrd suigdhasid cambe under

stringent : I, CHyl i } : i 1€ es a

ani que 320 HEAguHERing @Dl A TG0 HBaEbL ARTHPREI 40 HEUARATREIEC? © res
wher ei n f tundet YGener# MslestlaBligy Tothaigees’s FopaRanple, & audeipakMIePi btein
corresponding to any of the control polypeptides (e.g., parental sequences
f r om whi crpfdiareres Aydagesizedie inchidernne o mose sclegar ¢adon, providing foy insattioniadn) .

and homol g (e B e e BaRCH e pA Toveh BB BN ek Gy B (iah T 1

cont ext ofe.g Waueiht, Mefsiona W lang ipeoteiCé. g, Hiclyddhy Mepist e GRHMGAC ARinotaeider tio
two or nore sequences or subsequences that are the sanme or have a specified
per cerfagd18i] g’iﬂl’ﬂ@l Ixdhe prasentdneention algdndvdesgasespprgingiuslein acids afe 2nwhen

he.sequente FoiRaso e o BEbF VR a0t BER PRRERER e By EFARH SihalByIRRT,

avai l abl e:geldd 30 persons pf skill) or by visual inspection. [2191 The
phrase "substantially identification the context_ of two nucleic acids or
pol ypept i dd83] dngne ekppple chhadimgnt othe GveRipD provelersomppesitinas Wahinglydaa d

ave a1 AU 2E S Eiorpfpb el as ViR dRRERTED wily U GEC™ 1

pr ef enabl yeoliisitionsindkethedabf the 962560, iudre did CRT@iotRIN included A 1eRshfie
identity, when _conpared and aligned for naxinmum correspondence, as neasured
usi ng a scguanEs arguhirath sHnahPgaethyhhrtposing, 3 bu2-niphud ialapine, gy apino-
"subst ant i .fent Leal pLcal I eer .

+hor! ogouds PR Bt i con BERHERFGSne Mok LES shy oeGIIAFL ekl iR

" subst ant i gmposieioh iat ¥ Cor@ehsitfonoofen 18st #Suo 3 imidrb gieeliees i fimthars at

| east about 50 residues in length, nore preferably over a region of at

| east abofmbrdnsntcthg insention pepvinss compasiipahibat inglide é&é%ﬂs&émtam of .
subst apt i i i t res) e full
engt Alor Tl R Rt SUEE IR winetle DEUT MRS BRI L QKB AP, (O
and honol-agyiamed eming) atg. en Cayahddltyrosing, sdqielomphidlakinmeas aninef,er ence
sequence to which test sequences are conpared. Wen using a sequence
conpar i soriseargRf O ANYICOBIAIIAG tYTRTIR? 8RR We e HBR thearateiThis presept g the

conput er, : [ i ! i f ssary, and
sequence APBRFERNS0E CrbaRkRBAISE fool dbolE PRty pel RS0V, o
conparison algorithmthen calculates the percent sequence identity for the
test sequence(s) Midldhg antibodiehid pwitdne ommpsis tubtd aadno aelids

25 [184] Ioone aspect, the present invention provides antibodies to unnatural amino acids
and to proteins comprising unnatural amino acids, Antibodies to unnatural amino acids
and proteins comprising such vnnatural amino acids are nseful as purification reagents,
e.g., for purifying the proteins and unnatural amino acids of the invention. In addition, the
antibodies can be used as indicator reagents to indicate the presence of an unnatural amino

30  acid or protein comprising an unnatural amino acid, e.g., to track the presence or location
(e.g., In vivo or in situ} of the unnatural amino acid or protein comprising an unnatural

amino acid. It is also, of course, the case that the unnatural amino acid can itself comprise
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15 on the designated program paraneters. [221] Optinmal alignnent of
sequences for conparison can be conducted, e.g., by the | ocal h?rﬁoéﬁg%%
algorithmof Smth & Waterman, Adv. App!. Matk. 2:482 (1981), by 'thed!

honol ogy al i gnnent al gorithm of Needl eman & Winsch, J. Mt. Biol. 48:443
(1970), by“'(?‘i'?é}sé%r ch for simlarity nethod of Pearson & LPERHRNZRMESC.
Nat'|l. Acad. Sci. USA 20 '85:2444 (1988), by conputerized inplenentations .of

these al goghd ffRork GiRaruBiEahidolacidd, thbfshydnevidipA IR AntiBodRitNbaE BB Ceneti cs
Sof t war e Package, Genetics Conputer G'oup, 575 Science Dr., Madison, W),

or by vi supiopemypendeirahby heongenarat ynaturelsamioh agids. at, infra). [222] One
exanpl e of algori.thmthat.is suitahle for.determ. nin ercent. sequence 25
Tdonti vy aHABLcAT enkod apthe i By cafbe Seprilei St At GiRDGR PoLPRRLER! beg
in Al tschubygianisty or phrtidyEncBidd by itdmudtiafordlif ged@ADragrRbigr € for

perform ng BLAST dnal'yses”is publicly availabl'e through the National Center

for Bi di echnoimzgotiviihgenss. i e re¢opngeddtuimunbphohitlin genes jnclude the khppar i t hm

i I fjrst, i tifyi i gh i . pai HSP by .

o o s 5T e a e SR b SR iR Ueh, 6 SR b et ner 30
mat ch or  SghinghoEl MR vasablbinvSoy 2hie8d Lidh epRd thettRkified ay\BiRr2hpfgd Wi th a

word of the sane length in a da?abase sequence, T is referred ]%o as the
nei ghbor holhbder Hesgorteinstane ekbmfied {sAtamaud mhu, elplat delswipr epsilohelseh indtintn al

nei ghbor ho woyd, hits t .as seed r...njtiatin earches to find | onger
HSPs cont a&%fri"rd{"’t ﬁ%‘?ﬁ““qﬂi‘é RSHFS: iﬁé&&% h@%ﬁf@&"é‘r‘i‘g{@ﬁ TESRECHSEN- dt WBICE ons

al ong ﬁﬁChin%ﬁGh%ﬁlliE E.g@infiﬁéé;,?%trﬁéiﬁm?ﬁﬁw&cﬂﬁpﬁs%s %'télﬂﬂﬁﬁ%ﬂ@a@l@&iﬁmﬁﬁﬁ be 62 1
9 0C Il IN& 021085923 P U- 802112465 ihcreased. Cunul ati ve scores

are cal cul eumpbsed pf wagdewal neicd efqfol yrgptideeejuinse sach pafrdhavingromediights (atair ewar d

scorc for ir. pof t chi,ng resjd ; S 0) .and nal score
For i st ZhRAyERERery HhaiBboHEP T e b B arbh B Mnd 37 ng
rnatrix i viisbfeedsiod of absilt|100%e 1166r SHALkiAb a¥ids PERIATy P ERIOM: ahtigdae word
hits in tacb directi on ate 5 halted whein: the cumnul ative alignnent score

faM of f byrecognitomnlhe e variable kghtichsinkVhhand vatablakadvy ahdinéVn} teer to
cunul agJ ve hscgln@égo?ﬁ to E.ero or bie_l',qw, due to the accunul ation of one. or
nore n gat? e P %avlyéz Rle's (1T e’g%’ments; or the en d of either sequence
i s reachedf186| i RnfbAftds A4k irithit AmARhaTBMHEind/or bis 2 FOFhbr SPLEN Bhapgtdriied
sensitivi t%/ and speed of the alignnent. 7lie 13LASTN program (for

T8

nucl eot i defragmerenprodueasdey digesgion axith wrigus peptistassst Adep, fovyxamipla, Pepyn

txpectati @n (E) of.1 c ff Q MVES -4, and i.son of
bt st 1 anfigedEky Slorbis poShe bouackRaed iR ndinge Bt prfRRR BRI H ]
ts a wordl gingergf Palf Wiichafseld is @iglexhaiatjined @V {6y 1y dSisulfiad bbhd Fhd OSUVG2
scorin matri x (see Rani koff & Hen i koff (1989) Proc. Nad. Acad- Sci. USA

89, 1.29 EHP). mapba radycetyender mildpopditiengaiochipak the disyHidedinkage mube BwgeE dent |

ty, th a:13LAST. al i I nPRLE ISt Cs I..S..of the
siml ari't %%&@%9%%&%&%5@?)@%5?&? ﬁ‘gF‘% ﬁ{éjr"lﬂ ﬁ’ﬁi"&Tgl%F%bg%h&éﬁ%m Poc.

Nal ' L Acadess&itially o428 QvithgRifofah8Hingd B3R (se)FandRasnidnihuisilagy, ¥ Ef y

provi ded by the BLAST algorithmis the smallest sumprobability (P(N)),

whi Gh pr ovi\{‘%}’éssﬂdwﬁfﬁ"’ﬁﬁ gresg MafY|- (KIP9drfor ymopy dasailnd desesption alipthes gnidbadit ch

bet ween t et I, I ce.
For " exanpl SeEtle PPy Rlog@ a8y pnfinrsSELARERIn W br Befbecnbn B AR 02
sequeriiSe i itdchentibiodly| dretof skith illodppbaciatg thetysuch Fab'deagaaantss eenmak behe t est nuel

gir e]g e?gim dvtnﬁzcgé%f %ﬁéﬁﬂ)ﬁ{%@gf glacpl_nﬁgalh}: c(r:r b%'cudlizgﬁg Jetszml'll?i%gnttﬂﬁﬂ J%Etggéulggy. 1, more
Thus, the term antibody, as used herein, also optionally includes antibody fragments either
produced by the modification of whole antibodies or synthesized de novo using
recombinant DNA methodologies. Antibodies include single chain antibodies, including

30  single chain Fy (sFv or scFv} antibodies in which a variable heavy and a variable light

chain are joined together (directly or through a peptide linker) to form a continuous
polypeptide. Antibodies of the invention can be, e.g., polyclenal, monoclonal, chimeric,
humanized, single chain, Fab fragments, fragments produced by an Fab expression library,

or the like.
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and nost preferabl y I ess than about 0. 00 1. ~ Defining PglyyeRtides by

| mmunoreactinb [ 2241 Because thr, polypeptides ofthe invention ﬂlgq;{ﬁd;gqaa
vari ety of new pol ypeptidc 25 sequences (e. g., conpri sing un ural wr~
no acids iwutmmssae:ase of proteins synthesized in the transkCHBUsEN2$55St eNB
herei n, e, & i n the case of the novel synthetases h erein, novel
sequences tR vehi$: i r

struct ural ? ]Zt %ﬁ&% %ml 1§3ﬁdf§]§é Irnccogcrlll} é}gﬁﬂg&g’, !‘}{fcﬁ a?%%ﬁ@l rg%qegglaﬂg\s%ays.

The gener athe@pewnic raaigan&ana wahieof mqﬂem]mﬁ:nl@gicalgﬁﬁmﬂaﬁch&cﬂqiwmhl des of
the inven tion, as well as th e polypeptides whi are 30 bound by . such anti
sera, are @E?’Qﬁﬁ QIEEGQ‘FEIFﬁE“’]i}’rl‘]r\?éﬂt‘ﬁngnnm{o?@ﬂ %W“é&?&ﬁﬁ jvagablerpdicapberiti on
i ncl udes I that are
speci fical aiﬁpy'jg/& Fb;&lmgﬁg Q‘aégﬁd\?gd@ms %ﬂﬁﬁﬁ ﬁlgg%}jt&gr Aaérﬁltn?b%rjeb?gtag%%{exrm atDd agai n
st an S r ndastriigesmaciand prtibedy poodactianpnoessed, ud:lm:bmg;e: EBeedbaeck ledii{oT6Y n one
or norc of (SEQ ID 63 V\D4%§.085923 PCTf[JS 11 10 NO35 66. To elimnate
cross-r eact 72 ign Egeesean andCompanyolly GomehaeckydvieCatfasty

subtract ed, - .
Met hanococc\#SJ ann;gﬂ@?h$ﬁﬁ¥m{' T gﬁ%ﬁ%ﬁ??&?&g'g@vﬂbsynt Léfig %‘(Elsy (Ezgfrd'V\her e
the the wiEHindupIdmirtees), cmdtl’aul (180spsetbddy(Pvgincaring Pedlbdols Hrfray Press,

synt hetase _ryrRS)_corresponds to a nucleic acid, a 5 pol petlde encoded by

t he nucl ei Eovgaig.dV] SagbnBid (k). 4179 Fupdamgutal headiionsRaienact | on
PUrPOSGS. %%6# ¥h C%'ﬁgaﬁ §1@3??bu1§8{1'ﬁ5mc619%1 R%H&BE?%IW&E& ROV YEARRR

anti serum agarnst_one-or m canmpri’si ng one
or nore ofandiicins ¢IA8SN Paibodies: rgwmﬂthmuﬂr@ulaEpmgeﬁﬁiorms] BYNSfs- 66)
or a substanglal subsequence tlhereof 10& ﬂp"dt at léﬁgds'clt‘gﬁé%bgﬁéﬁﬂ%% of the
full IengtfﬁfJ e gs Sz leavnge 1550 3 08® Lidmunagens
derived frp ferr X "t he

I mrunogeni c po p P‘%mﬁées%%d%gﬂ %h&ﬁgntﬁﬂ@s{ &ﬂgfungldhﬁt% Pindgle ed to

have | ow canﬂsr&amﬁaazid ¥d.} cadpmiio Fress) Hﬁmmmtrk LAY syt Kietilassnd ioliletrolls®s)and any
such cross- reactivity is renoved, e.g.! by inmmunoabsorbtion, with one or
nore df tl‘ﬁ—éﬁrﬁsﬁo‘ﬂgiégeynt het ase honol ogues, prior to use of t he pol ycl onal

anti serum a['slﬁg&hﬁ %‘??ﬁ%:’iﬁe%h?an ﬁe%ﬂ%qhé’s 3F Bibdd 9#{;&8@%@ »ﬁ@%hﬁ&h@t deflf orf!S€ 1 N

an i mmno r nmunogeni ¢ S 1S produced and

purified asg dmﬁmmbaﬂarhmteg'm intban anknagiiaes bearakaalopediatd @mobeisad fethebe
produced in a reconbi nant, cell. An |nbred strain of mce (used in_thjs
assay bec£i9iext eiiF PEesERlEnKention: EBF etamale ibispessibls te genepate taﬂﬁﬁe &3 hibraries

identity f e n (s) in
combi nat i o ey ain: ShB6kid<o pEA I defidr e B HEHE e A
standaod riadisléng Anmibbdied hpﬁhggmmlmlay Tedtmebogy? Annp. Riev, I1mm1mml mﬁe ;'\519%)
Ant i bodi es, A _Laborato

Va |, Cold Spr Publ New Yor k,
for a st arfh%lf"écf&%%cétcitﬁ‘ﬂ Y}t‘i'ﬁmg '?réﬁﬁ’l‘}a’dygeﬁékfé'r QF‘?{B@S ai“i‘rﬁ’iﬂﬁ%ﬂl‘ol'g nfs or ma\th gnd
condi ti ons. Sﬁﬂ%m@%’r Q?ecHﬁﬁgf LRidaes Wé?lﬁ%én@g@hg' Eulr i nlo 91 2-3-5

Addi ti onal rences and di scussl on erein and

can be apfdeegnbduen et 410(1868) ‘Amiboda iphygeadisplayleshimylogyrmaics thbannmy)

Al ternatively, one or t heti Lecomnbi n nt, pol '[_I de der.i ved
fromthe MMNBOEQQMF 1@%%?%5&@9?? Bﬂﬁa“‘iéﬁq]ﬁ'r’“%}‘@f@?n and
used 93 anflaRiibHAesH - ra agsthelnuaa Rb#iF1i62 Hg@&j@%%@s@ped

agai nst the 1 nmunogenic poI pept | n | mrunods or exa
solid phaé@sm&h&lnﬁ&ﬁﬁhﬁmmmﬂ%n&?ﬁ 12815 end W artieet al. (1989) Nature 341: 544 -546.

[185] In one embodiment, antibody libraries can inchude repertoires of 'V genes {e.g.,

harvested from populations of lymphocytes or assembled in vitro) which are cloned for
display of associated heavy and Jight chain variable domains on the surface of filamentous
30  bacteriophage. Phage are selected by binding to an antigen. Soluble antibodies are
expressed from phage infected bacteria and the antibody can be improved, e.g., via
mutagenesis, See e.g., Balint and Larrick { 1993) .“Antihudy Engineering by Parsimonicos
Mutagenesis” Gene 137:109-118; Stemmer et al. {1993) “Selection of an Active Single

Chain Fv Antibody From a Protein Linker Library Prepared by Enzymatic Inverse PCR™
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| munogeni ¢ proteins immobilized on a solid support. Polyclonat anti sera
with a titer of 100 or greater are selected, pooled and subtracted ﬁdl%ﬂ t he
control synthetase pol ypeptides to produce subtracted pooled ti tle} 8 i

pol ycl onal antisera. 64 ] 9 OCT 2005 WD 02/ 055923 PCI/ US02/ 12465 [229] The
subt r act ed Wibg/8a228i t er ed pol ycl onal antisera are_tested fOPCTNQER12465
reactivity against the control honol ogues in a conparative immunoassay. In

this conpagatiyve, ass Adiscrim nator | .ndi, conditions gre determ ned
for "t he ks 112351 Clirgaa o 4R Lo Reten pedivdicen o °f oot
about a 5- 186 bR i Sd NS NG B b AEhg30 tinered
pol ycl onal &%ﬁ%&ﬂ;&?%@éo tﬁde%%%]%geni ?%%%%‘%ﬂggggg?@gﬁ%ﬁgpn iHng to
t he cont r oStesymnéri@$s & Coovbid aogpies soulfifle cassstte mbmgetesisnyeatesyalbihe phemizhthaisng

o oo SRRy ot 2B RAEIR, ot o2 <ueh
tenper a§ ur ¢3apR N QY ihé $fd exiPESRnUr RoRbi LHAA9Sh kb?.%da:&
subseqasent Plasﬂzays ff?)ltra%'el#%rmﬁg?ng V\ﬁet erpﬁgmfagggﬁ pol 33’ Bﬁ%eﬁ a poFlﬁ?)eptide
10 bei ng canpen entl availtlie, ¢ grnthed'gmnimbineat phegp tantilesd yaaydteny mduse Schnmiodile,”

Do s hberShe etk bbb i el B b,
hi gher si gﬂB&ﬁEﬁpér}g'a?s% Hedh gmm&mmggg@&g%h&h%ﬁ%m@%na under

di scrim natory ing conditions, bout a F to noi se
rati o as cemifimedStaq etehdirks at 3l uflogENRy- Paksimeimi ceizatjon: Hwikdes Highst anti al -
15 struyuctur simlarity. with t | | C | ypept i conpared to

L R A o Ry TSR RO BRI 080 BB o (9,

| n anot her , iRk @an t)ggﬁn9%§%a§t§m!d}dér9&frﬁmtdftawﬁe Mhnﬂ:gﬁ.%ms are used

for detection of a't pol ypepti de. For exanple, ds note cross-reacting
ant i bodi esPeptaloGeaiedplid: @ canee.céra), pHid| Bid-parduicseina. (wwwhtibidyommBMaobsor bt i on

oo 11 2o el 8O i SRungi oer Beekpaanels RGNSl e @bt oo
antisera. Jpslopeateins are added to the assay to conpete for binding to

the pool ed subtracted antisera. The ability of the test protein(s) to
conpet 5 f of 1] nihi eegtaivoernbaslimonts gtlissusbiul we'thetanize’ settbodies of shphventianpeighe

i rmobi i zed rpt ei i s compared to.the ability,of the_inmunogenic

pol ypept i d@’PE‘%t %ﬁ&ﬂ’%?%sme‘?ﬁ%éﬁvmz%‘“{ﬂé* %Wé'fl‘éal_iyo_rﬂlﬂ ‘Ff'&l“ﬁ&“f‘?ﬂlé nmunogeni ¢
pol ypept i degiHeanR edms f feaGéd th8hintidunkd of ﬂ%aﬂtéﬂ‘iﬁ’ﬁﬁﬁﬂ@&ﬁbdrﬁ@ﬁ%&ﬁﬂﬂttﬁ

pol ypeptides for binding to the pooled antisera). The percen

cr oss- r eacthetapeytic omibpdigs (g4 wpemtheipatertds ¢ himan)atldhe, antibpoyreferameta ebiove

calculations. .[231] I.n a parallel.as the ability.of.the contrgl .proteins
Co compet orsr e g Ry sRheeS ol SR HGuinized i Bisnd Rubglhidhodl)

det er mmedaRsleuRAuRbLfttRe fien@il, | FiMaintibbaicd SonsHTon eBAREriRRy1 Y RRRad |

de(s) to.conpete for binding to the antisera. Again, the percent

cr oss- r eacimmnegeleylinsneuenses: rEimpoiyibegies sersbe srodutasiinasig, a wisle vgristy afidar d
R N e e
\gh C$ ; leJ S}) 26/ ?%p}%ﬂédﬂgoﬂ}f)mﬂﬁtﬁng Behap OtiRERE bl @Sorhs t8hnoloyy & descﬂlﬁedtwy\mmé’r@85923
al. (1983), Hybridoma 2: 361-367, Ostberg, U.5. Pat. No. 4,634,664, and Engelman et al.,
25 .5, Pat No. 4,634,606.
[192] A variety of methods of using antibodies in the purification and detection of
proteins are known and ¢an be applied to detecting and purifying proteins comprising
urnatural amine acids as noted herein. In general, antibodies are useful reagents for
ELISA, western blotting, immunochemistry, affinity chromatograpy methods, SPR, and
30 many other metheds. The references noted above provide details on how to perform
ELISA assays, western blots, surface plasmon resonance (SPR} and the like.
[193] in one aspect of the invention, antibodies of the invention themselves include
unnatural aming acids, providing the antibodies with properties of interest (e.g., improved

half-life, stability, toxicity, or the like. Antibodies account for nearly 50% of all
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approximately in the range of the binding of the i mmunogenic pol ypepti des,
the test polypeptides are said to specifically bind the pool ed subt{yfacysd
antisera. [232] In general, the i munoabsorbed and peol ed anti sera can be
used in a FEnB@BINBve binding i munoassay as descri bed her BUTVUB@R/ 2Osmar €
any test polypeptide to the 5 imunogenic and/ or control polypeptide(s). In

order to | f mgm.;l?’ gﬁ@g qﬁ%

pol ypepti des reﬂgg s;lg;ggl’cgt glsvm ange gPﬂa%gnce lagp%l%rllgf he
anount of eﬁbmqomidymmbdﬁemad ubiduiteusiynds diagnds@aaientheAdjondingly, thaf t he
subtracted ant| ser i rmobi | i zed control, test or i rrrrunogenl o

protein i sabRtamadi CP“GEP%GS g“l“ﬁﬁ’&ﬁ?%é@mﬂ%ﬁh@spmﬂﬁcﬁ HeImapRstat ot fathe t est

pol ypeptid L ng in the conpetitive assay is |ess than
tw ce the ﬁmﬂﬁﬂ“ ! t%gﬁ?@ngrﬁn g{eﬁlﬁl c polypeptide that is required, then the

test pd ypE9d] dch exafplel theoe sreanary apalitations of M Obsto thmﬂembﬂdyaggmat ed to
th i munogenic protein, provided the anbunt is at |east about 5- 1 Ox as

high as foAs¥eKerangaiios) sigmlsmapigstsde mareiyplyes ragthegsaneh antre Iﬁ@ﬂé?ﬁ'ﬁl%t i on
f f ot bed
of specif Ghlyr. (oG ARIRH Duddht B+ 4 s)uegak@her E{@d@@@ Con {d’l‘ﬁ‘i@@?)or_ e

with the irmm unogenl c pal ypepti
poI ypept i deSR-LIDivhorlokidnhbamibodp stinhikigd tedpfiheew adjlndtitd gompiredogeni ¢

pol ypepti de subtracted pooled anti sera to the inmunogenic pol peitl de (s)

used in th@mqmﬂhmswml%w&@nm%bﬁe&dn@g canpep éﬂlﬂl_ﬂ&%ﬁ!ﬂﬂﬂiﬁés%!% :ant i

sera ify S I t little or
{ AL AEHLEMABEH othink ik BPEI REA PRUARERLAE. |

no reactlv serve to n0| se ratio

observed ZMmﬁachmtht@gaﬁﬁfmry ham‘mlﬁmwmmg i the dike] Sﬁ[y&utbdia?ﬁ:stlc
i mmunogeni ¢ pol ypeptide), then the -'test polypeptide |s speci caIIy bound
by the antantbedicw) bamegifiegyio feludenng o6 Hiase Bo amRino@sith AHENNG B Eolhtr

Bi ol o Te i cal
technigéﬁes | n%“gﬁr Eéralgtr and&@ra ,ét'g]?@%r&mrecug% gﬂom rrfpée%)pg
Techni quese Moy hitisdinma Bawctable 1ate (o, de2trdgrapisiadéumirescBiie hninkseent, efodnn

D ego, Berger) Sanbr ook et al., Ml ecular cloning® A Laboratory Mnual
(2nd E’os) thegnnatyta am{f‘(ﬂ‘ﬂ“ pring Harbor Laboratory, Cold Spring Harbor, New

Yor K, 1989[1@&%@%9%3 %gj.aa'ilﬁhfé adtibBaY r oﬁP E&h?ﬁ&' tﬁen’faﬁkd\tﬁ'ﬁfsu'f%rr #a]l'é/l F: M

Ausubel et rrent Protoc a | ol nt*venture betweenh G eene
Publ i shi ngannhedmetm be;ummepeaﬁdMQthmt Rinfi psowthrio: Targetingaleme oilisd

A e e L A
?ﬁerf‘%LFB 83 B89 (ML) (RENC R APHBEL B AGOUR Rk e PEAHE] 108 oiflgic?" O €1 S
D gl Ao S et s
to insert Wewégﬂ%ﬂgﬁé}a‘%&tm@ﬁ%&d@%ﬁ%ﬁ%ﬂﬁv%ﬂ mgRegien ema‘a%*rfﬁ ORNOf-ot ei n.
They i ncl “ﬂﬁd%ﬂmﬂfngﬁf&%a“ CanBhil el 165 Ef ,\ﬁ'séc%ﬁagg?mgﬁf}ggmswmmbnd

nut agenesi s oUS r éconbi nati on mut agenesi s usi ng

uraci | conwhichinterftrenyiliag esticab bomgponeat emnﬁegdmwthcﬁhdcd@tmus agente HER -2

phosphor ot hi oa e dl.fl DNA nut agenesi s, - nut agenesi s, usin apped .d Iex
ot ; Briviihs

DNA or t he™pq a déf%ﬁT treaimeRk s ngiasiqticareash ERAGE 2B gmPletai r |
mit agenesi g dﬁ%bﬂ&y WRRAhiS n@emmmf QS (FRkEIRh BSal. 11988Y THdchRIbiRAE ecti on and

restriction- purification. deletion nutagenésis, hutagenesis by total gene
synt hesi s, huiwanisted, ang tHER anbbcue'lﬂiem@atm] endiaukes e antivenondtioge € padjtaxel g. |
Involving g r&l ({S?mm icin anurls"fﬁékﬂneu avarcxpressmg human breast cancer Xenogratis

[published erratum appears in Cancer Res (1999) 39(8):2020], Cancer Res 58: 2825-31).

A third example relates to antibodies for delivery of cytotoxic compounds {toxins,

30  radionuclides, etc.) directly te a tumor or other site of interest. For example, One

application Mab is CYT-356, a 90Y-linked antibody that targets radiation directly to

prostate tumor cells (Deb et al. {1996} “Treatment of hormone-refractory prostate cancer

with 90Y-CYT-356 monoclonal antibody” Clin Cancer Res 2: 1289-97. A fourth

application is antibedy-directed enzyme prodrug therapy, where an enzyme co-localized to
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10 included in the present invention. In one enbodi nent, nutagenesis can be
gui ded by known information of the naturally occurring nolecule or altered
or nutated naturally occurring nolecule, e.g..sequence, sequence 1797 0%
conpari sons, physical properties, crystal structure or the like. [236] The
above text S%ﬁnﬁgs%xarrpl es found herein describe these-procedures. Additional
15 i nf or madBN ¥ HBund in the fol |l owing publications and r ePETAISEHEL465 t ed
within: Ling et al,, Approaches to DI VA nutagenesis: an overview, Anal

Bi ochem 25&(2)r actibatesly Bys(ciioal)y-adhinisterad pal-druin feusbeoiciiey, dorecr ed

random nur agenesi s “usi_ng t,ﬁ? phosphqr ot hi oate net hod, Methods Ml . Biol.
57: 369- 37 1¢%0uRs. an Safikp-CAMY, arihodsknkediocarhox ypemidaes A is bgingdeveloped for

19: 423- 462 ; j | g} d . i ' in
vitro 20 '-nu %‘gﬁ?@f@%&@&aﬁ?ﬂw g‘%ﬁi@?@&ﬁ@%@ﬂm@rﬁdg&%@gg Eﬂ-agllt‘$ ected
mut agenesi therdpy edthethe T248G2R0% adt-of ha Q8 Grbokypdpaillase AR i fttechminia wivaf

ol i gonucl eot i?g directed nmutaenesis, in Nucleic Acids &\l ecul ar_Bi ol ogy

( Eckst el n, stEdieg yih prodrags ofpnephotrexsgzand the thygydylate\iypibase inhibitors§ YW 103437) -

Kunkel , Ragri'&@q% sy ]Ed i Ci il S| i, 5 1 pi c
sel ection, Prot 4?] Eﬁk&ﬁwl‘%@?f%@%&?%@5@3@%@%@9@%&%@. d
25 and ef f speciiebllg inhébicpaeial telluaitfageivas far therhpantic HebefitotAtpexangdd BCt i on,

Met hods i n_Enzynol ., _ 154, 367‘38]}2@&] 987); Bass et al., Mutant Trp repressors
with new DRENB¢lReT AET3s peant-CE3 Mad offssedbi Iohpaon sughlohnson fogsmlpcingiseWeds i n

Enzynol . 100. = %&ﬁ%) 0 he - : - 1),

Zol l er Sc %’%ﬂ?ﬁgﬁs&i}q‘&é‘uc eo(tsfﬂcji[gﬁj?r' ct gj; {gﬂnﬁ%@%{gn%%?g aﬁgﬁéﬁ%@%ﬁ?ﬁved
vect ors} amcud fenal atloprafindjcgdoe Tlansplae @ooy 22; 200-200 A mhgirchate of adibody poi nt
mutations in _any DNA fragment, Nucleic Acids Res, 10:6487-6500  (1982);

Zol I er & SHioAHCIS exe;aganistsi dese Mabypre desigupdigsagratieallyenbenqenpmal eedinisat s
cloned in : i i 468 ool ler &
S the O s PR A St BnPA Bl Plab oH0EH S0 deSbng ' N

ol i gonucl emremersfor marstherapy ae idapdeebpreatiEiic BNA. (1867} dDirect Netmbosteation
Enzyrnol 154 32%—,350 1987) ; Ta&y#@r et 67 19 OCT 2005 WD 02/08592

PCT/ US021 195K inveiygnaenida aeatylshluisiesegiasichisicangdimougly g fieationds r i ¢t i on
enzy eagd » i DINA, i : 18764
(To85) 1 Tagtospraehe] RACORE DL TS RN, ARV ey ot pac b mRAdRAdd Ve
mut at i ons aclude ghe fr mgrecuroptunali angne hod phenleabs oer e moraberhpedic pbdkrtyNud.
Acids Res. 13: 8765-8787 ﬂ%}%\%qg} ; .tNaka ye & Eckstein, Inhibition of 5
restricti offPERHORG VI SRRl e RIS de by phosphor ot hi cate groups and its
appl i cati 0{[9&?@ A%t'hgpé'lh's%lcﬁ%ﬁ&ﬁrfbr&@ﬁt Uk 3800 Fah@ionNUGhd mafifiibolies. 14
9679-9698 (1985); Sayers er al.,” 1-T Exonucl eases 1 n phosphor ot hi oat e- based
ol i gonucl| ebttheToiny @e catd] yiotaagembss mich aNlgsbquacesithaRave Heén 26gingoed {01088) ; -

S t al., St d. g f i | f h h i - t ai ni DNA
by r et 1 oRipicie FALDHE BBTbES S dRoRer X eBvord oA SR AEIGLIGHE 21 1 6P um
bromi de, - ( %%Hie&‘”@hnoﬂﬁoﬁ I@_gteﬁeﬁinl 16,3503 - Bk AxabRITEY infire®ing applidaticgapped

dupl ex DNA- appr oac onucT eotide-directed nutation construction, |
ucl . Aci dgvblivesusin@the@aml vig486bed08Ab: 1 3& Wnorhyératydetcocaine in vive for

ai | eotj de-djrect t j . mut at i i d dupl DVA,
Vbt hods i nEdiGiihecesy BeS 2P ALEY58) I oprdlvf Bhio B ettt o B e BByt |
in vitro reaainkeRdinfdicihpand aRReSTuthexs Dd-aPRI 8351Sdi AT § 95: 10176-81 '

ol i gonucl eoti de-directed construction of nutations, Nucl. Acids Res. )'16:
7207 (2088 atalykie mptbastiesan alsoihegardifiedistineladepnectr mareduwatara aminhagd to

mut at i ons: ilﬁmg.?é)&%dorq*ﬁ'c?rlc %IBH@ of interest.

Purifying recombinant proteing comprising unnatnral amino acids

[197] Proteins of the invention, e.g., proteins comprising unnatural amino acids,
antibodies to proteins comprising unnatural amino acids, etc., can be purified, either

30  partially or substantially to homogeneity, according to standard procedures known to and
used by those of skill in the art. Accordingly, polypeptides of the invention can be

recovered and purfied by any of a oumber of methods well known in the art, including,
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procedure wi thout enymatic reactions in vitro, Vuel. Acids.Res. 16:

6987- 6999 (1988); Kranmer et al., Point Msmatch Repair, ell 38:8y§ 188 Ay
(1984); Carter et al., Inmproved oligonucleotide site-directed nutagenesis
usi ng ML3 VWE&BREEH2IINuc1. Acids Res. 13: 4431 20 4443 (1985) PCTHBXI2465

| mpr oved oI [ gonucl eoti de-directed nutagenesis using M3 vectors, Methods in

Enzynol . O% ad?h%%nﬁa% 41&1%%76rctmh}1§&3{ # ) aidde Bak é@é‘rfacg!ﬁ%aﬁ&n

ol i gonuel e es te generate larg t1ons, Nuc Aci 14: 5115
(1986); Wdhrematbgraphy, ,afﬁm‘g.ocrcﬂmnnehmﬂndnggialﬁgeambnndcitmnrﬂrchmgm n stabilizing

the transition state o btilisin Phi | ) Sac. Laond. A 317:
415- 423 (1 gyyatogiapky, » U%ﬁ% ﬂUIﬂ&F&Péﬁm%t?ﬁiﬂH'@é%é'amgﬂ% MEDREAY of a gene
codi ng, [ (1984} ;
Sakamar am%I.j % é’ﬁ@%ﬂf‘ﬁ%&jﬁﬁ?@ﬁnttﬁgg@ﬁan%-ﬁ%]@lmlée&glgl%ﬁﬁbm%géggliﬁ%@]f or the
a- subufi t eddctlopidmes ambtlmdmeePraegrrefwdlgglampmeanrhmised,tasdhmbedjdi RGkingot ei n

(transducin), Nucl. Acids Res, 6361-6372 (1988); Wells et _al., Cassette
mut agenes|‘?§”‘“‘*¢€iﬁﬂ1‘1r tdadanahre PFEFH@deJBP PEERIERARCE Bﬁ“ldmt%fﬂpb? HiEEE)ons at

der i ned oLty DRty oP Bl 38Rl mORMALSH R0 fla in 5301 purificasion

Ot gonucl e tagenesi's y n crosca

synt hesi s,stdpyethereighl puifgsis d&.‘BmdSiiﬁ)BnB&i:BOdﬁhﬁBﬁ)&nhWi@b&ﬁkdﬁ agamst unnatuml
A iganucfeotid.,7-direcred double-strand break repair in plasm ds of

Escheri chiasiagpcifs (05 PRIERS 4O oSI98 a0 Wak Amine asifish awrised g8 Dmfigation Nat i |

Acad Ci 7 usual
e Y e R LA s i L T e

et al., Nainifiea&d(sp OndPEiiEd] Bﬁﬂlﬂﬁﬂ&/ﬁ:ﬁﬁ@&nﬁtﬁ&@ﬁ&iﬂﬁp@& poﬂ}%eﬁﬁ@cs%@
(2001). W P. C Stenmer, Nature 370, 3 9-91 (1994); and, Lorimer, |I.
Pastas, NWRPtiendiynsed s.gras 25523 comparens, (ﬂw%}mcwmww URRBLEegess 5T nany of
t he above qﬁﬁ?ﬁ%}fjﬁmﬁ@& lae found in Methods in Ens nold Vol unme 154, which al so
descri bes "use ontrols for troubl e-shooting problens with various

nut agenesi{$9% Mmethdidsn td athél reldrendes asedhershy,aniatiety of mrificeliai/ptdin host
cells and or%anl sns for the in vivo incarporation of an unnatural am no

aci d Jfa dp pidpd HIAI"F@:‘SI knewngin thiyart, Ipdndiag -8, thysnaatifersh inR ¥egipsser ed

(€. 9. .t A9ERN BichcabibANANEELy Ohiad NS LEALE e ch, m‘?hﬁ‘fﬁ%%églﬂhag&h' s

vector. Theol. 152 el P&al&ubhmﬁﬂlmﬁmcmdbmm Pmsst,m: NYI{1960p Sahdara d, a
bacterium a virus, a naked pol ynucl eotide, or a conjugated Eol ynucl eot i de.

Te vect or S1997% Biascpantienof Prteing ddademigRressy Ingi; Ballsg ghak 696 DrodgiRndar d
met hods | wgnghﬁﬁ Gn%ﬂ%@i SQHNQF &tu@éq}q Iflpr%gm mk%l ;ﬁ@bﬁ h

82, 5824 ( V|ral’v or's

penet 2at i Glurhyhadireds| NP inirg lakd Mghﬂ'{lﬂ‘ﬁlﬁ PrgeiePerifasition eifphiedtions] Aifradtihal
matrix of small bheads 15 or particles, or on the surface (Klein et al

Nat ure 32AppreachdRLiRyess)ar OxfordgDxfaid, Englands Hagis mssingal PrateaBunfication ¢ ur ed

I n CO”VG”tM&ﬂ§b§ !g%ﬁbﬁ&ﬁ A;}Bmaﬁh mﬂ'ﬁr%sgqt oﬁﬁor&p@{t%P gﬁnﬁoﬁcﬁqﬁgmsﬁ%' vities
as, for vating ‘prom)

t r ansf or mpsatein PuRfeatowetd rﬁ:zm:ﬂ@aﬂmmjf_ﬂbﬁm FpringerdV edg NY; Jasgerdne
organi sms. [ 239] Sever aIP ,II - knvvn et .q% of ]| nt rodum ng tar geIt nucl eic

aci ds i nt deysias (L1998 Protel

bt oftal SrorbRel ARG Qﬂnf“ﬁke “%‘Tﬁ?%&% éos) "moE‘*‘p’ﬁ‘%" tp, o

borbar dneﬂ{ummd’rmfHa‘,tardnhweﬁ'dfremmaited/ﬁfmrms (d| scussed further, bel ow),

etc. Bac al, cel I can t o | f | asm ds

cont ai ni ntgrﬁ_’i*llA 15'?:‘:[50 t"l‘uﬂ? %%“ZET‘EE Bﬁb %Sgrw&%m to | og

phase and shigr Bbﬁﬁéﬂu‘éﬁ Mot tah %s%ﬁ E&rif8rmation different from the desired
conformations of the relevant polypeptides. For example, polypeptides produced by

30  prokaryotic systems often are optimized by expeosure to chaotropic agents to achieve
proper folding, During purification from, e.g., lysates derived from E. coli, the expressed
protein is optionally denatured and then renatured. This is accomplished, e.g.. by

solubilizing the proteins in a chaotropic agent such as guanidine HCL
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25 can be isolated by a variety of nmethods Jnmown in the art (see, for

i nstance, Sanbrook). In addition, a plethora of kits are comrerchlrll ;f n
avai l able for the purification of plasmds from bacteria, (see, [l
EasyPrepTM Fl exi PrepT , both from Pharmaci a Bi otech; StrataC eanT , from
St r at agene WARH¥PBApr epTM from Q  The isol ated and purred W&@ﬂimﬁﬁre
then further mani pul ated to produce other plasm ds, used to transfect cells
or 30 incpy uaprﬁ%gﬁe@tlpmr&heﬁ&mlg%&ﬁbﬁs:b%hmle%d%mecﬁ&ss@pl cal
vectors contaln tfanscription translation term nators, transcription
and trans| pelypeptides andithen v sage theqotypepidispo ceriiild o tieefrefenfedrconfegmbadi, on  of

t he expressi on of the ticul t cleic acid. The ectors
opt i ongl I yEEd’T‘FBmpé"eg@ rgﬁ'gjgt‘gﬁrgﬁ B@QE%@#I@EEF@BHF&F E"Fﬁd‘\{%fmlaeast one
i”depe”de”&m} t Nabdfler 8 MGM&W%F%cIBgL%&EHﬂgGS ga%ﬁsﬁ@ﬁﬂ R:E the

cassette in 021085 319 2/ 12 eukary
pr okar ybt esse vmﬂ bty to(tkosg of skiliit theearvee, onesiefarmtes abwat, mnntthhmkhl; &t a‘lor bot h

P eqr a1, 'OEM%E}I ok Greia 268 E@%SB gﬁgﬁﬁmaﬁwﬁﬁaﬁé Besia 19030 BiodaBBe. G | man &
g:nh];]];: eler %Iﬁ ﬁjsgﬁ]&_ﬁﬁ%Jh ot el n f‘%?zl)')‘?rm ﬁgﬁbi% ?fgllgﬂ? ﬁA%JI%IE

Sanbr ook, 8eilgéor efaiplesdepcepe the dcaﬂtaimgu anifedBetbdresf iaclanidn bady @mtaphages

usef ul for clopin provi ded, e. q. y the ATCC, e, g., 77ze ATCC

Cat al ogue &0 g’rﬂEa B’tsé’ral’-gﬁﬁ%@@“gl@@%‘“é&%ﬁﬁcﬁmﬁﬂ‘gﬁ EdsPRIAE s hed
b y thg hibfiEthdd s Brwisk RAiRQd Ot fi
or aspect'sagio ‘éﬁ{jeﬁcu ar. ]?%1 ggfoqﬂlﬂg?&#% Ilpﬁ%ﬁtsﬂgg?g?@cgr] cons?(gleral ons
are al so touad wirh thdosoor mbm]@lﬁepﬁd@&zothﬁmprdmnalpmdimnSe*o:mndrﬁdl tion
Scientific American Books, NY, [240] Oher useful references, e.g. for cell
isolation and cul tyre, nucI ,e| acid isolation) include
Freshney (1994) 0" B w= of Basi c Techni que,

third edition - Uss NewYok and t he references cited therein;
Payne et al2f llégﬁmhe'éﬁb@‘@eﬂnﬂ bgloay, ﬁ%@b’l@“@ﬂlﬁfﬂl‘ﬂ@ﬂﬁ for puglgicRcs st ens John W

ley & Sons i P1 an t
Cell, Tj hr':léc d(gl S&g}g %%I rPM ndarnen aﬁgﬁgﬂénagssgpf‘ﬁ?%gﬁﬁ_%%ﬁﬁnual
Spri ngrﬂ VRS!; aagd(ésgrbmpdrmcdﬁlahemthdﬁemﬂipﬁﬁhgaﬂd sé@dﬁ&eﬂlﬁkdﬁ@mc}f(s&ds) The
Handbook of M crobiol ogical Media (1993)  CRC Press, Doca Raton, [24 11
n addi ti oFRIRRSEBRE cOMRNAS afoRSeinge disslaseddeeini Howsrvesy onpgl #kalw g &
nucl ei ¢ ac

ot and- or dovifepréiue S AR SHERTERA 1R dd A 30ARAE, disAledhe iR N 1

M dl and Oemtlﬁmaﬁqﬂcﬁea:gﬁnf smmmmppre(cm m@zhh@memﬁhvenﬂm aﬁoe;abwﬂmamiaman Gene
Conpany (mw.fencozom Gen _Inc. Xpressgr_n. com ran

Technol ogi¥ye Ff‘éﬁc‘ﬁ‘)ﬁf'&?ﬁa‘d ﬂe/:f)mfams.dﬁ %?%ﬂEPWQF%EEGP& Aoran
Conposid i 0Ofse @S [242] The proteins, e.g., poI ypeptides, peptides, etc.. of

t he |nvent| on(e.g., conprising one or nom unnatural amino aci d) are

opti onal | y[282p| Opedf fla willelsapepteciatathatsmarey. riantsrof toodistlosdd wquercthara

sui tabl e phar maceut i cal carrjer. S Uch conpQqsi tions, nprise a
t her apeut | BaIGd By e dgveptomnBenfxapple, FRNsen) ﬁBB%H%Fﬁ“é’H&I05%}%%“2%@6?‘1‘@5?9%

accept abl ey, e%éfd a%n&ﬁqﬁﬁ? lﬂéﬁgﬂ stcg}égPe i‘m‘iﬁélﬁa&lr inThe AYEAISE Warkided Mdge. but

is not limt sal 1 ne; sal 1 ne. dextrose, water, glyotrol,
et hanol , ameloc andrpblymaclnm sehaerged, whthen the variants hybndjzr: to at least one

25 disclosed sequence, are considered to be included in the invention. Unique subseguences

of the sequences disclosed herein, as determined by, e.g., standard sequence comparison

techniques, are also included in the invention.
Congervative variations ,
[203] Owing to the degeneracy of the genetic code, “silent substitutions” (i.e.,
30  substitutions in & nucleic acid sequence which do net result in an alteration in an encoded

polypeptide) are an implied feature of every nucleic acid sequence which encodes an

aming acid. Similarly, “conservative amino acid substitutions,” in one or a few amino
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formulation is nmade to suit the node of adm nistration. In general, nethods
of admnistering proteins are well known in the art and can be appRiedigo
adm nistration of the polypeptides of the invention. 70 19 OCT 2005 WO
021085923 WOM20EH23 12465 [ 243] Therapeuti c conpositi ons COnNpCTABMYIARE Or
nore pol ypeptide of the invention are optionally tested in one or nore

appropriate.in_ vi L. Vi vo ani el.s of _.di e,.. Lo confirm
ef ficacy, 3t°|d§ & 5}1 %rjngj?"a?ba%ﬁ ggﬂué'g:_ﬁﬂ g“%?h%?ﬂgglﬁ%{aﬁts@gé%g@g iwh'ﬂt}ll%ﬁynpt hods
vel | knpv\mmnmtﬁisﬁy@ﬁés, ate b rehdibe] R AP SASSSs Bighlyoemilad doi Adikologdat er mi ned by
5 activity, stability or other suitable neasures of unnatural herein to

nat ural aréongrugti Suchhoresreginesvagiatign: ofcesah discinsed sfquenceEron feptirgioéthet o

i ncl ude one or .m){]ﬁ. unnatural amno acids to a natural am no acid EPO),
i.e., in &PErEEAMHssay. (244] Adninistration is by any of the routes
normal by ysml f@lonbdtipdugriators" B agamt ditarinibRicdddd SRuen@aBiasic Mbdeh bl ood
or tissue cells. The unnatural am no acid polypeptides of 10 the invention
are adnm nimsiciecextidsrwhinly eende adandicalrressentially identicdlyaming keid sequencesors

phar rraceuti.c_glhl)é aCf:ept aé)l e ca;ri ers. Sui.t abl.ﬁ nmet hod% of admini sterlng such
pol ypept i &% HeCHEEA (98S 76T SRGREE 3P STURY 3¢ SRHenE T GSsgn Yi‘@f‘l'i‘t_”:ﬁ e

avai | abl e seqRflces. Al GFUR WRT Rcbi@Pe HAEINdDHES SaB5HRGI0AS Skl na dFhaisbRy 2
particul ar Conposition, a particular route can often provide a nore

i mredi at e velrich altercadefdraleldte 2 single amvino acideg@tsimall peScentags ofruiteicidout e. [ 245]

Phar eut, cal acceptaple carriers . are d ry3 ned . in part t he

par 11 6 arvpRa R BBy e MO et fen d et b B hcndte e Brnes o
met hod usqgk +@nfdatiedy RodfTRE vaBaiBas WHetheARSAKIShORSYI if the'Bletian BF Y4 de
varicety of suitable fdrmul ati ons of pharnmaceutical conpositions of the

present i rawemt acid, ad2didnf6h sRvhy peid: orkubsigmpos of anasinvacidwithdchahinyed by

a nunber of routes inglyding, = but.not Jimted to: oral, i.ntravenous.,

"t aper | SORRAATERG A Bt onsE e oeplighs € aoBlnciluiptidt dRERE T

subl i ngualihe Siesdr® fhv@htiERRfude WIRMHHs c&"ﬁ'sﬂﬁll%k&n&g:r ¥ bl ¢ fss HARBYS Lions
[

can al so be adm nistered via |iposones. Such admn ion”routes and
appr opbi atneort oymeallytlessribara2® ayd Fardiihyainovatidsef theopd ypeptidk stquehee, mith ar t |

25 [247] The unnatura i NQ_aci. | ypept i de l one. or. i.n conbi nati.on with
orhor < CABTER BB et ea e SR alSer bR HealiSh SRR TR

(I.e., theye shRfridifof BEMHck7REich dothot AReAHE M8 hEEviM 6F d ARNMiI@hdaN. Aer osol
formul ati ons can be placed in to pressurized acceptable propellants, such as
di chl or odintdlemla setthasibs additpanéa nandeagions] sgauench ds hickaserv{tivggariation of
Fornulatiggs suita?Le tﬁrparenteral adm ni stration, such as, for exanple, by
30 i ntraarts SN2 e j 0i nts), intravenous, intramuscular, intradermal

i n tpgpeqRod)onQmbervait subRGHER RBRErd AN Fundtinh I SindfHd afiifo A748k are

non- aqueous, . i sotonic sterile injection solutions, “which can contain

ant i oxi darvect] kroumfigrtke ambaheftllosting sets forth semplegroupawhichragerain hagural

formul ati on.i sot.Qni.c, W t.he bl opd of, t. intended regci pi ent, and agueous
and non-I 5&5@%&@855%5?’;%@ u%%ﬁ%"’iﬂ H%Slftﬁgipu lt?l% ﬁ%ﬁ(?ﬁ%ﬁg%lglpendi ng ageg?s, -
sol ubi li zers, thickening 71 x%lﬁgmaaoggummm@gﬁggs PCTI U 502112465

1 | Alanine (A) S::rin: (3) Threonine {T)

2 1 Aspartic acid {D) Glutamic acid (B}

3 | Asparagine (N) Glutamine ()

4 | Arginine (R) Lysine (K)

5 | Isoleucine (I} Leucine (1) Methionine {M) Valine (V)
6 | Phenylalanine (F) Tyrosine (Y) Tryptophan (W)

25

Nucleic Acid Hybridization
[206] Comparative hybridization can be used to identify nucleic acids of the invention,

including conservative variations of nucleic acids of the invention, and this comparative
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agents, stabilizers, and preservatives. The fornulations of packaged nucleic
acid can be presented in unit-dose or multi-dose scal ed containergp rq:ucﬁgjas
anpul es and vials. [249] Parenteral adm nistration and intravenous
adm nistration are preferred nethods of admnistration. In particular, the
routes of XEMAIBSIBation already in use for natural amino BCEAIS& DI ogue
t herapeutics (e. g., those typically used for O GCSF, GVCS1, JFNs,

i nterl euki d@imbgﬁ%ﬁ@d méqﬁéfem@m&mfb?rmsﬁhgﬁl@mg%ueﬁl dciasd ey er ed

pr ot ein), ngvm formul'ations in current use, provide preferred routes
of admi ni smr»rantlmh Taaddition ntatgst nesleit acids mhmhdwhaﬂu:am themiwgleiaedids of the

i ti . 1250 dt t t t f th
o ecant i risBrered by SERR BETL Bedihieifet e itk Bl S Mg Sragey ¢
response i GyditforRatd £RboRY BF thblifFentioh. Eﬁarg%h:s &Psuch'ﬁﬁbl@ictacid}fx fiﬁ&%@ a

pat hogen, or other appropriate activity, pendi ng on the application. The
dose i & dewdghwnmeda fyw silnt of forsenptied nudiec pad silestitations @s tompared td sgivoh at i on,
and the activit stability or serumhalf life of the unnatural am no acid
pol ypept i JRICH égé&q%ﬁﬁﬂ the condition of the patient, as well as the body

wei ght or ?Zﬁ'?f aﬁ%é}"rﬁé‘lc facid'® sRAdlth SPlcii QIR Ry RdikE 654 g%g)e-ﬁpaeﬁ:' 51 Qhed o€ dose

is al so determ ned e existence, natufe; and ext any adverse
si de- ef f echybridivas aahanr'ffaamwaﬂ h@tl'acpmlm wstto el merfeotly maprhed |comlpmmmj' or,

f | at t Kk ticul t t th
of oot ve. Bastt- O hEHCD BPsB A ff S RRETE bBRnp of Begoot § (iho
t reat ngnt fﬁfogeﬁ) LA LA BnOHh wﬁhzéﬁﬂﬁepeﬁ%c@y ma&:ﬁ@&ﬁfo%e bl @b tHeSskrdb3pases,

di abetes, 20" " AIDS, or the like), the physician evaluates circulating pI asma
| evel s, f omachead canplemeriaty targaemthpnmgraégsmmm rafto tims ishtderss ehoub AB/16K anher e

ant | bodi e<MiEf SEUR Seisritd il PR T o BF oRRg PR PR B AR ont arc

typically f208] hﬁue@iagﬁmseﬂyw@h@n&héms?ﬁﬁg&&eoiypwlpméluﬁ&@e@lmmﬁf apeutic
proteins, adjusted for the altered k 25 activity or Serumhalf-life of the

rel evant czmtﬁaiwmdmﬂ duvhe avatetyrof well chhnastenmcbph)ismn-ctanucai ot se skt as

treat di t nt | | udi ti bod
adm i B r ab B REe BEE R AR EH Mo e Stk pnd BETRE Apre e R B Yagen: <.
nat ur al amheqa hﬁ&hgl«m&m&e&wQﬁ&slsrﬂ@\ﬁiaﬁhq*ﬁ@nctwgagq%s%bger&n@fhgmﬁs

bi ol ogi ¢ response nodifiers, and the |ike 3] For &adm ni stration,
for mul at i oBichémistne apd ModeelanBielagy-oFfybtidization W&NQ&M fhl!d &rolgs partdet er m ned

by the iD-50 of | f | d/. f
o tects of TORE dnarsr A R ViR n TR R B0t

appl i ed t ogskha, ESRvied e W WRAR), hs WeRhi I Absubbe s @ﬁsmes/;xelmm § pigoen can
be acconpli s%gd via single orBj di vi ded doses. lgﬁh ZOOSE%D 81t21t1t155923

PCT/ USH#2/ J.@gmﬂirpmg; IRE Presp at Qafrrd Univergoi Bressi ﬁﬁfmﬁ&ﬁglanda (Heomeasrk | on

devel ops. f [ r scl riate
dose O]E) as%ﬁilﬂrs?l)% upr %?ﬂsgnd Alﬁgmmfpﬁsﬁ ?Q%ﬂufd @glﬁt :"'I i ng
drug. PatiPpmis deﬁ@'deﬁﬁ?h | nm@mmém@tmggm Epg%mbﬁleld&fdﬁ% oANhesahhas, labeney, |

i

nmuscl e aches, and ¢ s are prenedi cat ed m nutes prior to the future
i nfusi ons @twnpn apd guatificabon PﬁDNefc@’{deﬁﬁNﬁ@Hﬁbﬁlmﬁfﬂigﬂéu'@hﬂﬂ@ﬁsphenhydr ani ne.

Meper i din :g ﬁQx:];rR{alle Eg?g@[gglgt"@#@ d%gﬁl!}ljl éﬂﬂ%ﬂﬂanglférch }% ri%?zgﬁgn top at do not

quickly r 0 an
25 cnmplemcntary nucleic acids which have more than 100 complementary residugs ona

filter in a Southern or northem blot is 50% formalin with I mg of heparin at 42°C, with
the hybridization being carried out overnight. An example of stringent wash conditions is
2 0.2x S8C wash at 65°C for 15 minutes (see, Sambrook, supra for & description of 55C
buffer). Often the high stringency wash is preceded by a low stringency wash to retove

30  background probe signal. An example low stringency wash is 2x SSC at 40°C for 15
minutes. In general, a signal to noise ratio of 5x (or higher) than that abserved for an
unrelated probe in the particular hybridization assay indicates detection of a specific
hybridization.
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anti histamnes. Cell infusion is slowed or discontinued dependi ng upon the
severity of the reaction. EXAMPLES 10 Exanple 1: In vivo incorpEgzﬂtEiTqml_-,of
O nethyl -L-tyrosl ne [255] An orthogonal t1 Al synthetase pair in E soli can
be gener atew dpossarparting a pair froma different organi smpcTAisaz12465
Cross-speci es am noacylation is inefficient (Y. Kwk, J. T. Wng, Can. J.

of "synt herdL0 r Sugugrit FilrreRBnatadf Baflitare v of et anty “1s” " "

t RNAl synt hhgafafiéh ExpehiniPald \eR 69 S6MEeinanh 'ﬂ%ﬁﬁé}hihryﬁ%iﬂaﬁ&ﬁaﬁé Bigudncedn.
archaebactériurn whose tRNA identity elenents differ fromthose of E. coif

t RNATyr, alegendeos end preclifferentymien diffesent cliyirdShedt slglasaragtemn Ainoutiomivi oop

bi ndi d ' . AL St . P. ".Schi .. ..Biol, 274, ,35601-6

(1690 5.  Fvdataics bibrdEhof Rl atiRe Fypin BHRSN KL avartAnd Bk TR,

Wechanﬁsma&]h'-mggilﬁy,bpmz.,suﬁn &i@hgamz 19 Gh@ Rk cofionsin eﬁlw@ (1992)),
I %roo rea |

and 20 therefo shoul d not an unnatural am no aci gated to the

t RNA. [ 256Gieternitedenipdeealktfonany et nieleiaadiér Feupprgds on detBitindgrtighdg f rom t he

Mjani schii t ', s not efficiently am noacylated by the E. colt

synt het aség?“ﬂ'}ﬂﬁ'\lfhﬂﬁfﬁqt@ﬁéng&aﬁl? E‘?QQLH‘E‘%/‘V" ':g‘]ﬁ héis'a%éPtFP“c B GoBgitions ge sol i

(L. Wang, v | s ' ~Soc. 122,
0%%;1.951] MagLds8d Ye.g ?P]}é ﬁlﬁl‘éﬁj&l&% tgmgﬁfﬂ;lméﬁrg%ﬁsﬁlgg %qlt t‘ﬁﬁbﬁﬂhﬁ%

5010-1 (2 " Mor eover, nas orthogonal to E.
sol i t RNAdnérBasing debergent, coRcerBabipnmed/or ihereBiiof theGheanent2ifidn of 0dgabic solvenst i | |

fficientl ' | at ' J .. T RNAC, L. Wang, T. J.
ot oy R R B R HPLTT e eSS SR )
us, e : : can
%&@p{ggﬁg%&% afd WadR: dndtfdnb YA MY iR ARE ARA a PRLE birnd? -

efficciently I te tyrosine in respon anber codon, UAOQ 1 n
coi | . 30 [t@aferfEctly matched caeplecenieecmoyt tithra o¢nal hi soier taioghatas atlédNASHY E.

colt syrithetases ta e i%, nd.sel ection schene wa erfornmed. For
addi ti onal® at Rﬁ%ﬁ‘??‘ﬁ“’ dfizaun %mohaﬁ?)ﬁvewwﬁe BIF % No..
titled "Mybpodsnand sGRBBRS chbAdiNSns BE stiBed & Mﬁ%ﬁ%@ﬁ@ﬁénﬁﬂ%ﬁti% gni,%905

PCT/ US02/ 1246S production of orthogonal tRNA-t syot het ase pa

(At t orlfey {@qk feeta patidubar phebe. T80 TadUbe toppSatunt {umdet definedfiotie strangticand ent | y
with the instant. jcation, the disclpsure of whjch is jncorpgrated in
s ent s ot o i Righ SEMeyoee spalpu kb foe Borretbrahesh B Forthea * 1 -
that do njuhdibPbARE pretefiin@Ghi, Hkhly a1y HHIRRO MbriBUEE HET Gashandor y
nmutated to a foﬁ}j a glrjpf)rt-‘:ssor1 i% I?bré%?sThi S tRI%A I brlary was passed

t hrough a ceadaiony ereselecertditmbe tixat 5P Entowesthah RMAE, fdrahe speeifndequency hias ed by

E. soli synthetases, followed by a positive selection for tRNAs that are
ef fi ci ent 196164 HBdcSreaebAnghPHA * j annaschii TyrRS, The orthogonality of the

resul bhNg PR Lh SRS HAMEAIK 1AD valh UhiF GATRL BIROALLOR s Say.

based on_I0"Suppressi er stop codon a nonessenti al position
(Al a 184)- stingehey dEMbLidizadba ehd oastemslitdme arcmcreasal wnil theasgrall ipiligivatio
Syt het 45 80 BBUIRET the BBDY 1e AeTSH N PRBNeFUURFEBR B UrEshIIRF ARG IR Col |
e el gy M O e LR ML BN e,
" A) sel ectaedsf Fowrgeh avdleioraaidywinal hebadiessdo d, prote bisles suoh coaditahs,ovithys 12. 4
25  signal to noise ratio of at least 12 that of the perfectly matched complementary target
nucleic acid is said to bind to the probe under ultra-high stringency conditions.
[213] Similarly, even higher levels of stringency cen be determined by gradually
increasing the hybridization and/or wash conditions of the relevant hybridization assay.
For example, those in which the stringency of hybridization and wash conditions are
30 increased until the signal to noise ratio for binding of the probe to the perfectly matched
complementary target nucleic acid is at least 10x, 20%, 50X, 100X, or 500X or more as
high as that observed for hybridization to any ﬁf t.he unmatched target nucleic acids. A

target nucleic acid which hybridizes to a probe under such conditions, with a signal to
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m crogransl nL anmpicillin. The nutant suppressor nt RNAT, ~ contained the
following nucleotide substitutions: C17A, Ul7aG W20 C G37A, andnif7fs.
For conparison, cells with pBLAMonly (in the absence of any suppressor

t RNA) survive at 9.7 micro grams/nmL- anpicillin. Wen the M jannaschii
TyrRS i s cBEXPF¥ES¥dd with this ntRNACUA , cells 20 survive BETHSG/12465

m crogramsl n7L anpi ci | lin. Thus, the rntRN A 71A is a poorer substrate for
and is stlhéus@mnaw@weagtwhai Eﬁh@gsﬁ Sedidnelianes of MR 1 adid is
nnaschii tRNAT' CUA efficientl t he jannaschl I TyrRS. [259] To alter
t he am no &aifieh Wipdéo ﬂwmhﬂlmﬁﬂlﬁéaﬂﬂm‘hbgbﬁaiﬂgwcymmrﬁchl TyrRS so that it

h h h I f _TyrRS
muants | 22he et AL B RRR X e e B el et o

t he honol Oﬂﬂy@bmmmlifl%tﬁapiflm gﬁ@%ﬂ@iﬂﬁfc | dridBdd o sBbdistfiay- N
Bhat,1). M Blow, J. "Mol. Biol 83-98 (19 53), five residues (Tyr32,

G AsplBE, ifeati®d Ehi ocews, &g whwm@cwwfwemhm idls aatpdiing digithaxiynmrs,
which are within 6.5 A of S ition of the aryl ring of bound
tyrosi ne m&?‘%’“;ﬂiﬁ%ﬂe&%ﬁpﬁ}’ﬁt&gﬁg%%ﬁ‘ E‘ég? jes froma nutant M jannaschii 30
TyrRS (mut Tyr RS, for am poacylation with Gnethyl-L-tyrosine) are Tyr
(Tyr), 74 1 OCT 2005 WO OMM&“ > 02/ 12465 Glul? (Asn123) Asp'
(Asp' 76) . t418] fn dfBpdef)the Wnﬁfﬁ-ﬁ%r%ﬁﬁlcé k- abidiSic acl WikeBeomph & aQ{ m)phl lus

TyrRS residues 1 n parenthesis As described in rmre el ow,
t hese re5| mtesqweemed acled iﬂl@.h&]yctﬁilfl‘aﬂ'ldﬂ{: saguemies @h DR N &s gmh@rlh'ﬁ:e an AM

Tyr RS, nahl e fo char t he rnt RNA~& 0Si e S nut ant
Nas T Redifslteotieiac The wEft dbsqingbihanume s cpPariryo Srusiresd mutants i n
whi ch the édﬁégﬁrﬁﬁﬁ%%y%b@n@ﬂ@ﬂm&Msﬁ{&%@%l&’%uﬁ&@%ﬂﬁrﬁ&t%ﬁ pe doped
ol i gonucl eoti d 611" The T. jannaschii; TyrRS gene was expressed under

t he cont r operfdrmid uamg; .51 BRA.S Tmeo frodafzul bprameters. fertyomique subasuetcepBK- TYRS, a
pl R322 derivyed plasmd,with 10 nar nycin. resist.anc Resi dues Tyr32, d
Asp15S, ||¥ #@ Enas fpiobs mP'éka@BH@?{‘F&F'é‘a fmﬁﬁ“‘iﬂ“ﬁ %8y site-directed

Tut agenesi eyip SiitH. dleanintlon B el poltbebNCIHIcH comprfRATEATATCEA GAA
GAAATG 3', LW164 5" -GIATTT TACCACTT CCTAT CA GAl

ATCTTTAS T Wﬁsﬂi[ﬁnltfr m allﬁllﬂﬁﬁ]ifma\mﬂl from\the) SQuEKes TF‘A@ERSSI' heAsedARIKT. X

TAAAATA CATTCAGTGIATAAT CTTAT NA AT
A(:ATATTTTCEE‘ié'T}r{¥ ‘qé“" S“EW%‘TCB IS YRRUE 45 CRIMBRLS /Q‘FR 19e Cﬁ%%%‘

LW675" - m@%iﬁe@ag%&@@c | INATA
ATGSNi M\INAT&CCT TTGATAATAAC-3', LW 163 5" -GCGT 20 T OAT 1TGCAGT

TGGACGGGATI213T Thhmvmwm@mwghmmmwciwivh bymadizesaoier 3' with
NNK {N:A+T+G+C K=

sites wer eE‘BE%“%P‘ o1 %F%?ﬂiqg%ﬁl 3@% th?mfcrlnﬂugf 3%“* ?‘“ﬁé‘j&t 'ﬁ"éﬁf m(Jtpg}(I g nA5)
and i :g:at eﬂlﬂge@i@nmm ;idmaebud@éel&séd froth 3RS icgdeitBKof OARSS Whékinahe uhidge

" subsequerce is unique as compared to a polypeptide corresponding to any of the centrol

polypeptides {e.g., parental sequences from which synthetases of the invention were

derived, e.g., by mutation). Unique sequences are determined as noted above. -

Sequence cnﬁipaﬁsun, identity, and homology

25 I218] The terms “identical™ or percent “identity,” in the context of two or more nucleic
acid or polypeptide sequences, refer to two or more sequences or subsequences that are the
same or have a specified percentage of amino acid residues or nucleotides that are the
same, when compared and aligned for maximum correspondence, as measured using one
of the sequence comparison algorithms described below {or other algorithms available to

30  persons of skill) or by visual inspection.

[219] The phrase “substantially identical,” in the context of two nucleic acids or
polypeptides {e.g., DNAs encoding an O-tRNA or O-RS, or the amino acid sequence of an

O-R.8) refers to twe or more sequences or subsequences that have at least about 60%,
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TyrRS library. The ligated vectors.-were transformed into E. coli DH10B
conpetent cells 25 to yield a library of 1.6 X log colony formng unit
(cfu). The TyrRS genes from 40 randomy picked col onies were sequencee\lﬂ to
confirmthat there was no base bias at the random zed NNK posit’ta T8 no
ot her unexPEt#2$39%t ations. The library was anplified by negirpsepizdend
supercoil ed DNA was used to transformthe selection strain pYCJ17. [2] A
positive | |, bt ' . ' 0 anber
Gt op 30 caE il B ol ey B80S ikl D B0 AR BB RS bR O
acet yl t r ansihepaeesieandGiiEhed fje meaxiinuiastregmidente, s mbosyrddarsing Pseqlencechul t z,
Hel verica Chimca Acta, 83, 86 2000)), gel s were grown. in nedia

cont ai ni ngFONHBIIERHAEEREM erBnigsul inpadtions Stel apstagHally identical segnengesi n t he

onpozs 1 e K SsRRREREY B U SatR RO RLERe i den L BGEBTY 0T R
with agy drefembiyithe “sibbtantal iddnity ex@its oveh aRedion af thetsbguedrtd thar igateast CAT

and survives, [263] The surviving cells were then grown in the presence of
chl or anphehoe}0 maiguenhintlpreth gparepeefempl v over asesion phit loest Abowtd0d residusse ceps
that did | I, ' mutant  JTyr R a ge the
or': hogonal iSRS Pl fi ool B AT Rl PR il B0

replica plriduguopdemend fatl widdn of the twoRajueteds tale Remdsied. The mutant  TyrRS
genes were isolated fromthese cells, reconbined in vitro by DNA shuffling,

and t r andRePIneiprisaguenrhemparsgn and bpmplogy Hetermingtion, typicaldy aes jeauence [ 264]
S ' L i onal t t.h
even jhyr Oa@s”a% 6%?%%8%&!3?%}{4 ;{:}%tﬂ%%&]{fgﬁﬁ?&gﬁﬂﬁ% hr%”c%gg%rﬁ%f REmay ugnég pars

position o (ace m no, —car I'SOpPro Ia, nmet hyl ,
O-met hyl  aagudticé topiedod | Rl Aviddefatenye bdfubhieesSed B @02 bdiaputeRr e
performed as follows. [265] The gene encodi ng nt, RNAa under the control of
the | pp prisheysencgraordingtes.are davientest Hassessadenndepquence algorthindrpmanD1 1 TAG

ACYC ' ' 1 ' [m.its CAT
Gone (- PSR alhded, TG sode EmBRh B AP ORIl 1 ° AT
83, 2277- SpefcenlRinde ilentad farite phiaenushcp(¥Erolativé to B Faondeaqudadi) taeeddi ng

the TyrRS library was_transfornmed into E. cola DRLOB conpetent cells
cont ailfi ngPifimdesrgnited PIEERIBPHRIBEWEy of size greater than 3 X 10' cfu,

ensuring I . o] I.ar re pl at ed
on ni ni naf[‘i?r@dﬁ%ﬁb'f‘%'?%’?"@’%ﬁ&%f%%&“%%"gF*J@é%%%“ﬁg%‘ﬁﬁnﬂc?ﬂ%ﬁn'@&?@ﬂ s) with -
17 i cr ogr dosd! bmoRdyt g orakycfiSne th1&WateAfanyiAk Qg ®ar. 22098 bathe, 50
m crograrnsl nLof chl orarnpheni col , an mM unnat ural am no acid. After

d |
i ncubat i orhesolagy alignmsnt algordgt of N%‘i(ﬂ?%m“e@ Whnssihad.ddok gl 43 1910), by

D- net hyl - ' . , ' . L. SOohat: de,I: nsf or med
Tnto £ ot T SRS DARUEG G ReASE 3 R, B ROh A BRI YEA TS O e
cel | s 20er &8 BRIl Y88y b e edepitedzed implemtncatiogs afhesd alghriGims (CGARBESTHT, (96)
were individually picked fromthe plate, diluted into 100 nL of |iquid
CNI I vi L mekhelA, adii B bae theowissonsin Usaetics Softer Ragkagpigenchrsfeupyier h
various c t ' f . Q‘nﬁrqil |2 | t set 1
and the c%@ﬁ%%ﬁ#%‘%ﬁgp r%KV\':/!'Jlés}!ﬁ’]\’/ar ‘e wfvrlsé%y%'gﬁééﬁg’g\@%‘g%gg’gj?jgh%l%@f %I ate
set 2 contdl bgie)1lnM O- met hyl -L-tyrosine and 50 mcrogranms/nL of Cm
rnicrograrnslnL of 30 On in

Replicates_of colonies that did, not growon 1

plate set [P=Zlndine phreapdeok #rbﬂewtgwh if suitabjg f§>§ AFGEMIEEE BETAPH §ELRBCTy r RS

gene Wer e i i Iaﬂ:?@.\ﬂ,ﬁ%ersﬁﬁﬁmw@@ie'mwﬁ ERohnNGhiSH W deséMsbdid AlBefRul e

temrer’ s protocol ( pP. C
al., J. Mol. Biol. 215:403-410 (1990). Software for performing BLAST analyses is
publicly available through the Natienal Center for Biotechnology Information
{www.ncbi.nlm.nih.gov/). This algorithm involves first identifying high scoring sequence
pairs {(HSPs) by identifying short words of length W in the query sequence, which either

3¢ match or satisfy some positive-valued threshold score T when aligned with a word of the

same length in a database sequence, T is referred to as the neighborhood word score
threshold (Altschul et af., supra). These initial neighborhood word hits act as seeds for
initiating searches ta find longer HSPs containing them, The word hits are then extended

in both directions along each sequence for as far as the cumulative alignment score can be
62



Stemrer, Nature 370, 389-91 (1994)) with the exception of 10 m Mh2+ i nst ead
of M2+ in the fragnentation reaction (I. A Loriner, I. Pastan, -Fl\%glneh[fﬁb
Acids Res. 23, 3067 76 | ~ 4r! 2Mo ' O 021085923 P T1U802112465 8 (‘1998

The library was then religated into predi gested pBK-JYA5 vector to afford a
second gendY@P3e%2Pyr RS |ibrary with a typical size of 8 X PQ8tso2/84¥s 109
cfu. Thirty randomy selected nmenbers fromthe |library were sequenced. The

mut ageni ¢ Qgéét [ ary was
transf or rregm‘?ﬁf)E rt;relﬁ gégstc%er?i @ggétrﬁékggg‘t emgcelétﬁld#guﬂﬂﬁo% sel ection

fol |l owed byparahefetd LrIr(gewﬂﬂecm-elﬁmempm:amﬂmmIQﬁg @idues; diiveypn S bnd/ B (paiagt | on
and in plate set 2 was_ raised to 80 mﬁ@ rarnsl n1_ for the second round and

120 ni i cr oBRORAHIr MHETAtRIng Kesiqyes; AWKy W@@Bﬂé@ﬁtﬁ?%%?ﬁ JrEceing Malsiat e
set 1 was;ynchay Iat@hk%uﬂzﬁ%%sf:&’é”ﬁ eﬂgmw 'Hlﬂ% F]&LCH[ .ﬁm[cﬁﬁ% Q&ran to

grow on 20 - m crograns set | catl yr RS

mut ant s§ wehaltedoiemt tPng:uﬁﬂlanam uahgﬂnmmnsm-emlmf a§ Mttams“mﬂ hempkinen the
best clone selected after tvvo rounds of DNA shufflj gqvvas characterized in
detai | . [288yevedvalg: g cumslatiye secrp gers teﬁﬁ@éar@e{%ﬁlua thenscumuietien gy, a

cl one (mut ni col
was dependg&% oﬁ‘n&{gﬁﬁggéd‘y%%)ﬁg i‘@?ﬂuﬁ‘éﬁk}?ﬁ% 'X\?ﬁﬂfe@ﬁ rﬂ‘é@ﬁ%ﬂp%ﬁeﬁ%?g %

nedi a. | n TheBaksand gorithmQarmhdteds-W, T pandyX dstenm;lemmdaﬁsﬂnaﬂ?@ﬁd Sygeet] I@Ertmut ant

Tyr R(LW16) were not VI able on mniyal nedia plates containing | % glycerol,

0.3 M | eudlignenens The B mbﬁmm‘a@?Efglfwwcéwueemsbuwéﬁfa@mﬂ Cell's were
able tgor r [ I p col in the
o0l L 9" Ry B .55 Sl BETEIRY A oo, MLEnALaPbR Co!

| i qui d G\NDétmp#isoa of bithsabndsc Ebd mmhldtsh@immd RI.ASTRrofremiwsecss ve Al as
20 Tyr RS did not survi vegﬁiéfge | owest conce rati.on ﬁ}_ chi ar rrpheni col

used, eit heFfaulk & wardigngdy ANFHREH RO E) T @PAdRS, Clﬂlil‘giﬁ SIRBE Thi s
i ndi cat es et I | on the
expr essi on&%?{ﬁﬁg rrutlaﬁ{ftg;l'gﬂﬁﬂll?%a(r L 93_,8}’%89 ﬁﬂ%ﬁﬁgtﬂé‘.gﬁh IPa F% IE-%{B | tional
ef fect of [22dt hyaiddli.hﬁmnaca]cnmﬂng\qiddcemtcmqmmmmlﬁ}ynﬁterB'LAETtalgzmhmmlsui tsel f

d t f-i cant ffect the h rate of E col 67) T
Fur  hobS doHORT e M6 BELIP R BERERIFRR CHE SHiEnt (bie e KIUBLI 1 ¢
| ncor pOE ‘L‘ ?L{gslﬂﬁ BPoBOVdM Abad X’E:Oﬁﬁsﬁeﬂ@)iﬂﬁ‘??ﬁf(tl ?99)2 F@Jrl]e H‘thﬂﬂﬁz of AmlilaAYE an 1

Tyr RS air in response to an anber sto ,

O et hyl - Lptoyided ibyehaBLAST mgnmhmhydmmhmﬂleamemmdudnb@dP@ﬁjﬁFRhich@so@mer ated
and characteri.. zed. e third. codon.of coi |l DRFR ssive
site) was ARigicaHoR BF*RGI%‘FHE}' %thréa?‘% %?Pmﬁlbﬁtw'?tcﬁdwﬁé'é‘degg i ﬁc der to

separ at et BB 0louR Gicht By LA CPUEARI a FucR kﬂ*%%ﬁ@@ﬁfhﬂ@h the

nt R Acuh was™ coex pressed with the wild type M jannaschii TyrR ~ resulting
in effllim erdfersuepegesico i thé smhldeshsuns prodebidioy iwra ¢ompbidsen ol the tesp nogleivacidSee 77

I 1085923 ,PCT/, U 02/ Fiqure 2 e rruta S
(LW16) a0 s prEEReRRRS P i BSuRLabiet PR reretabii s Bmypou d BT

O net hyl - La,;d/[g.lgﬁlpggefam)l ||E§15ud.,g1 Mgg’n@mh nmedia, full length DHFR was al so
produced and coul'd be purified by N affinity chromatography wth an

i solated yield Defining Polvpeptides by Immunoreactivi

[224] Because the polypeptides of:the invention provide a variety of new polypeptide

25  sequences {e.g., comprising unnatural amino acids in the case of proteins synthesized in
the translation systems herein, or, e.g., in the case of the novel synthetases herein, novel
sequences of standard amino acids), the polypeptides also provide new structural features
which can be recognized, e.g., in immunological assays. The generation of antisera which
specifically bind the polypeptides of the invention, as well as the polypeptides which are

30  bound by such antisera, are a feature of the invention.

[225} For example, the invention includes synthetase proteins that specifically bind to or
that are specifically immunoreactive with an antibody or antisera generated against an

immunogen comprising an amino acid sequence selected from one or more of (SEQ ID
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of 2 ng/liter. 5 (268] The yield of purified protein is approximtely 26
fold lower in liquid GUMNL nedia conpare to 2YT rich nedia. For exanple,
when the mRNrh and wild type M jannaschii TyrRS are coexpress gg[ ,j&??
yiold of DBIFINSSES ngiL in 2YT and 2.6 miL in Tiquid || ecrasesiies il
absence of either O nmethyl-L-tyrosine, mRNAc. A or nmutant TyrRS 10 (LW
16), no ot | o ) ﬁg}lv ' ] D -
pol yacryl am dé Sg)ﬁe'l g%?%%ﬁ%%p%%%i%ﬁ@%ﬁdw %@ﬁ@%ﬁﬁglﬁ Pér%t egﬁé‘;j%ﬂerl\éeﬁt%?%

West er n analsyistratted with bedlabRngnbbragdsesudhhatthdrailingmeraianbto@ts kR heis
produced in the absence of either * mutant , TyrRS (LW1 ), or

E A
O met hy| - LM jgidsesl) tyoeylisyytheisss .(TJ[TE%] thgdhs wilg-tyse Mgliagararssaci d

[ ted i . I ' . ' f
bot h ¢ he RABERIRRE i RaichE) BAGT RARFe TR Wt it s WREBABALNE 2 ©
I ntact spr ofctipeprias esteided by techieleiched i3 gsprasd ariniszd foramtibody/hedsedy ansf or m

lon Cycl otron Resonance Mass Spectronetry (FT-1CR M5). The observed val ue
for the ndHERLEWAMTROSSRss fromthe cluster next to the internal calibrant

18095, 905 B20L i onp$8f ot e iltoBah Pocs APl RART b TRt vwas
O et h} el -faisky b@ihN Sne 0Rhble pelypdpiids cempeitingent ofmdke & thysaqienk@cki ng t he

C-termnal Hs tag was used and &%érlfied b%( met hotrexate affinity
chr onat ogreameyPonding lBONa9E Fire pf SEQ R, NOHS-bfhior ¢ substaptial nakseapansgéeredl TAQ,

Suppr a0si ey ERr ARl BERIT BB ShE AR ofbiadd, HERSAR ol il 0o
result als r!rjg{tﬁ'tiﬂ@trﬁﬁluhd@dns dedivesd fedve GBI NCEI S G0h breintibitededs adowial ot

utilize yl -L-tyrosine as a substrate. Liquid chromatography tandem
mass specticdome e ytheimmunpgenic pelyprpsidss.-Wabhecgstingiamisera is opbiarallymeldsted to

: he, Nt er ' AR '
hown i n ARGy S SRl Sy R i Ceonti oA SoBlol b CRAE My RychzSnt v 1 <
cor r espondiegivitg i$ fendVetipd. g, el ininigHpEberieent, wid dvieMrAdrdBS tilconesl sel ect ed

and frasgrrented In_an jon trap nass sglefctrorreter (rM). The fragnent ion
mass et 3c o aYAtBESe Aameloguet YT Wik Gh i pedydepahaniiserpn i the ingBHi9aEs#Yng t he

s spoc (8! A YRERE ARG alseR AT bR i b ABREy M Bhas TS Cr e
pepti de neipm@Rizeniapy!ypagidatis prduedd dideurified np degtibed hekit yFoikamphy ot her

amno acids in place of Ontthyl.-L-tyrosint - fromthe signal -to-noise
ratio of tHKeOTPIHRRRFOIEiNEaR be ed iha FrcambinAnb 5o | AR dses sELBRTBUSS ty for .
O rnethyl -1 -1 y. j ' ﬁlﬁﬁﬂ r. . h,
protein ex F%%éiqgilﬁggsr? nﬁssggégggg?rgnr{é#;%l@expef fdrq}g(r?é Ql% eﬁ%ﬂgeﬁgt[éeld?%t t he
m RNA2D h-dfnhid mide) Tyintoudiksdwikh dhesitrirharggenial preteins)iin sombajadbh evitfa

sel ectively inserfing O nethyl - L-tyci_osi ne. into proteins in response to the

arnber codyragd adinangisueh ag Freppdrnidingentand agtandaed mapss MmMUHEHIPIRIP S0

274] Analysj s of apt : t he
o R By TR BRALERTGORH AR, Sl colSprbRaOSR |
whi ch wer ePubliQatéidseNew Yidii, fiven staadsid|desdriprishaf aoisdyegenbtaddn) imrviveabsalyl owi ng

am no acid, residue supstitutions relative to wild _type TyrRS: Tyr32, which
hydr ogen DERE&S & @W!tmlwh@mgﬁ useg (9 etrrminss PR ic yRMUTGERAHE -y 1 0si ne, was

mut at & t Oz fdiflonal ré¥eRnded AHd HRLE Y RBBHiD RS found herein and can be applied

here to defining polypeptides by immunoreactivity). Alternatively, one or more synthetic
or recombinant polypeptide derived from the sequences disclosed herein is conjugated to &
carrier protein and used as an immunogen.
[228) Polyclonal sera are collected and titered against the imrmuncgenic polypeptide in
30  an immunoassay, for example, a solid phase immunocassay with one or more of the
immunogenic proteins immobilized on a solid support. Polyclonal antisera with a titer of
10° or greater are seleﬁted, pooled and subtracted with the control synthetasel polypeptides
ta produce subtracted pooled titered polyclonal antisera.
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to th hydroxyl group of tyrosine, was nutated to Ala; @ u 107, which

hydr ogen bonds to Asp 15 9, was nutated to Jbr; and Leu 162, which is

| ocated at the bottorn of the bindi ng 15 pocket, w as inutated tqg Pyp; i
ascd on the x-ray crystal stract= of the h oirnol ogous R

st ear ot henMEpWASEE3TYr RS, it can he specul ated that |oss of PCIES0Z12465

hydr ogen- bondi ng network boween Tyr32, Asp 158 and substrate tyrWe shoul d

di sfavor bi,agh o) | t..T . |L.ndee mut at i
o of - aep (228 (Pl pOed fideliEootTbAR dhigkfd 2 wsrolf ot Blasp FASERR, "L 2L
er mophi | ajginkyihe Bontydlelontiogues iR tdbmyeafnziniutdassal, [ thist@Wparklive 286y

Duckworth, A R Fersht, FEBS 318, 167-71 (1993)). At the sarne tine, the
Asp 15 SANfiggranipaigry bigdmgsonditignsfte dgissminedidear the sylirasidonered pplyelasal t hat

al | ows the ’Eﬁ%ﬁﬂhic@&?@ggno%l%smﬂ LS-erfgéidgtzii[ngrysgé}mFﬁ&@ge b K Eedifd 8 L e

substr at e-%ll I ng cav er 1nportan C residue

site, i che bitanell polydlbeal antifes & b iﬁlhﬁﬂﬁ%lﬁﬁmﬁynﬂ&&asa@ﬁ etipedtdBinag@ny| at c,
wer e unchanged after two rounds of DNA shuff|ling. Detailed 25 analysi s of
these nti tihf Forsrl synthetpseshar@ogrnse dhal isniba sirpgancisftbe bigdmgatactine aut ant

TyrRS (L : L | . fQrmaki . on of O hyl.sl,
tyrosine m%%lﬁ%ﬂ%@ ﬁbgtf@ﬁ%%i%%@g%h%rg%% ar*"“’m”@gé"n ‘“1"3!*?%“'\{%{!(/@‘“1%‘) wer e
anal yzed ighditirbiadjigiingsat qyndpiiRseiptRure @ lanee 3%s sse Bidig coldiaghs TYr RS
(LW 1.6) gene with six hi stidi nes at its Cterm-nus 30 was cloned into

pl asmi d pGEe BEdan adlssquanhpssays Bardsteampling whethpraeeatpeby pepride & polypestidpurifi ed

by i bi |4 zed af.fini I i nuf.acture's

oY ot oot (s @ bl Iy SR QR P GO AR ARIASY °or 5 7
*Cin a rgaghicdly baindtythepesiad aibiricted gohnaMntiseras #epattipt, test0 ™M KF. 5
™ MC 2, 2 rnM79 F ot ~~ ~ :1J5 WD 021085923 PCT/ U 02112465 ATP, 2 nmM
| aPPi , 0. akypentidessuhirh ahaywg ptisediagha hishermsiensk fovagiss 5atio than the epmsml/ ni

[ 32P] NaPPi | . ] . e - I 1:0Si ne.
React | ons. “HEREsy Aot GAREPbEhAARG:P i 2SRt S bl 00 e
(LW 16), sgmal 8 nddseoiatio weeempired itothedanhyogake polgpebtidoeoshests whlistanfial NaPPi
7% perchloric acid, and 2% activated 5 charcoal. The charcoal was filtered

and walsh e FtTNFERRL SEMikan UKty the gpgnuncgensnpolipeptide @s corppased Ht kngwax SYSHICESERt | ng
to determ ; j -adsorbed ATP. Values of kcat and Km
wer e cal cuﬁf@tlgé‘gﬁ%rgf%g%%E%lﬁﬁt%#i%%%Q%@M chael i s- Menten equati on using

nonl i near [B36) elssinotheneanyde, S mridibGdsa¥s in the corhpetifivedinding formardre used for t he
mut ant Tyr RS &LV\IJ%G) toward tyrgsine aqd 0- 10 nethyl-L-:; -ro%i ne measured
by pyr ophd&HFHER b2 tashpRaPertislsy Fongtampie,Es aRied: CIRp-Teacling@ntibediesars) (11M) ( 8-

1M 1) ORI bk G488 Miseld S Amd bR ik b 37838 9020, 31

[ 2771 The results of I's analysis are shown 1n Ta T m for tyrosine
(5833 M “podyprppdesx iThetiminyunbgedio lpdl yiptpideys) talvenhed hamobidizeDronesdiyl support
I S fold down

el at ve - huEhiexporedon e el ppol uisern Gt Righeind ace 3aded 3 the &3 to

compete for binding to the pooled subtracted antisera. The ability of the test protein{s) to
compete for binding to the pooled subtracted antisera as compared to the immobilized
protein(s) is compared to the ability of the immunogenie polypeptide(s) added to the assay

25 o compete for binding (the immunogenic polypeptides compete effectively with the
immobilized immunogenic polypeptides for binding to the peoled antisera), The percent
cross-reactivity for the test proteins is calculated, using standard calculations.
[231] In a parallel assay, the ability of the control proteins to compete for binding to the
pooled subtracted antisera is optionally determined as compared to the ability of the

30  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 pelypeptides and or where the binding of the test polypeptides is
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15 val ue of kcatfKmof the nmutant Tyrl. (LW1) for D-nethyl-L-tyrosine is
about 100 fold higher than that of tyrosine. The physiological 1unac7 7004
concentration of tyrosine in E. soli is about 80 p.M which is far bel ow KM
val ue (583Wké2/083%8 the nutant TyrRS (LW 6) for tyrosine. Preasomitags the

concentration of O nethyl-L- tyrosi ne in cells is conparable or greater than

the Km (44 |

[ 2- nayhlhy 0 ani néoj[nl%égl FE °¥th tﬁgnaslllgg(alf #l{&g%mog%%rgtogjﬁb%%sghgéec%nd
unnat ur al Iaﬂymuaesaiashﬁ&a@&dﬁ@ﬂ@rhﬁ@ﬁc@bﬁlﬁdn&mmamlu@t:aj ns in E. calf was
acconpl i s&ed This result, shows that this overall schene is applicable to a

host of ani*Adl Jkgegerajydbeimamypqabserbed and pecded yispragan be usaghin HSompelitypi ne
I 1, 25
\é\g;g“sgegc% rﬁ?&ﬁ}gfy’%géﬁier Sgﬁﬁ#%%%ﬁégﬁé%ﬂ??&?g&?g@é%&%&% or t hogonal

anber 5Upnneﬁwgemal‘dﬁdf nrrnmhﬁwpulg@uacmlmtr&ﬁ th enakechid eoinparisoan eur al  am no

acid (Wang, L., Schultz, P. em Biol. 8, 883-890 (2001)) . The
j annaschi | MmRRgEgNic: Rayang\renek Rl Eaptdes iy coplissuEE @t Asvignemge af t i ng p0| nt

2005 o WA e el i B ArialRtct Al PUBRRIRREate o NBA Y0P ot s oy 1

am noacyl gfttRe aityracfed agaaRal s, k. (Hnlmﬁxht}bﬂ&eﬂﬁhﬁl@ﬁl t@t up“immﬁfdg fidirgteft is J -

Biol. Cherry., 274, 35601-35 06 1999%\5 but am noaczl ates the rntRNAT with

tyrosi ne (dtgmEingd usingsgandard techmiqyes. If thg anpunt of thedest pelypeptidecequireddar

Chem ,80C.y,: Se chosen for
19 higdﬁlié%\ m%%%rp%%}a gﬁ?}?@léﬂsd‘r ?l%\&ge fﬂ?%ﬂ:{o{ﬁﬁ% %t; tﬁéﬁ\ﬂb{eﬁrﬁfn

this stud epresen a“significan ation from

tyrosine qndypmﬂdbam\aexsrreq@ked ﬂﬁ@hﬁm@sm@ﬂ%ﬁhﬂeﬁ safd8Gpedificaihaige 1d e am no
acid specificity of the TyrRS so that it arges . the mt iAAwth

L- 3- ( 2- napitikpdy senesred o Ba dmAWNOZHYC POMBPrR0dedtheamuimtis atleas dhosF §- of M
j annaschi 'Iﬂlyislﬂ?%k[rﬁ'&tl%?ﬂﬁ%ﬁﬂﬁﬁ&%@ttﬁ? and screened. Based. on an anal ysis of
ruc

the 10 crystal ure o ogous TyrRS from Baci |l |l us

st ear ot her[28Bhi Asisn ddRiitichal d&ennﬁaatm off; spebif ,Cltﬂ Lhw,puﬁled M]t:shra I¥iptiBaglly, ful§s,
83-98 (1989)) five residues ('1 r32 eu"', and Ala' 675 in
the adpi veTgRyRosgroeg pith l&ﬁﬁagwnpsemmmméfiﬂa{rétw Efﬁn ghezcontig) PokyReptisissla

position qfyd igneAilo ﬂ;h&iﬂg%ﬁ‘{kﬁyﬁcgﬁ?]ﬁ% &ﬁﬁﬁﬁoﬁ&?ﬁ@wﬁﬁﬁé@g@@fp@ 1eff | d-type

synt het ase contam nat1 on W ng ues (except
Al al , 17) wmitigerk 3o thierigimidrldgenio tpalypepti de(@lwed incthe Thamunesuwbiomy deatbleve Al as
TyrRS gene_was used as a. tenplate nmerasge. chain reaction (P

r andom nut Byé Haki @rwrtq%ﬂtheﬁgaﬂm @d{'ﬁ*ra@étevéﬁ%{rrpwvltwa’ﬁabﬁ%lfmw%ﬁ&ﬂd& )If he
cor r espondy;ng aﬂu% ?é?mut ég&é:bﬁ}%eﬁ%tea% Merﬁmf 301 sY, YerldPid Jdlgesftm@aﬁée@% hrough

a positive 'seection suppressi o an arber st op codon at a
nones28nt i fat bindigtafahe {WsnnikRosorhed heti2fn lnhhq.)nnmhmigemai ptﬂgmpjntit)r, treaftbe ase

(CAT) gene. Cells transfor ith the mutant TyrR S _library and the nt RNA"
* gene V\ertéﬂd%‘:’iﬁm?ﬁ‘ sBar g i'aﬁlﬂeamwa efithni b El,w(lwmtné FIAPFIEAl ani ne
and 80 tg/nL chl oranphenicol. Cells can survive only if a mutant TyrRS
am noacyl ates the IMMee=aSiBiPREy TaEhSiale@Mm no acids or L
- 3-(2-napht hyl) - g%n%an@ne aTh'el—s"E:FWV'Ihﬁnl‘a’T'é were then grown is the
presence aci d.
Those. ol N&3FhaEoaPE ek SBia: (et me éﬂ%b@%%?“" cchilGui HEAE BerPufie 21 O
Kimmel, Guide to Molecular Clonitig Technigues, Methods in Enzymaology volume 152
25  Academic Press, Inc., San Diege, CA (Berger); Sambrook et al., Molecolar Cloning - A
Laberatory Manual {2nd Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Celd Spring
Harbior, New York, 1989 (“Sambrook™) and Current Protocols in Melecular Biology, F.M.

Ausubel et al., eds., Current Protocols, a joint venture between Greene Publishing
Associates, Inc. and John Wiley & Sons, Inc., (supplemented through 1998) (" Ausubel™)).
30  These texts desctibe mutagenesis, the use of vectors, promoters and many other relevant
topics related 1o, e.g., the generation of genes that include salector codons for production
of proteins that include unnatural amino acids, crthogonal tRNAs, orthogonal synthetases,

and pairs thereof,
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mut ant Tyr RS that charges the nmt RNA" A with 1x3(2-naphthyl)-al ani ne, and
were picked froma replica plate supplied with the unnatural am ng Eﬁf}.ii‘ﬂﬂﬁ
After three rounds of positive selection followed by a negative screen,
four nmutant TyrRS s were characterized using an in vivo assay based on the
suppr essi oW@P2AREIAsp 112TAG codon in the CAT 30 gene. |n PRETSBEBHE® of
L- 3-(2-napht hyl)-al aui ne, cells expressing the selected TyrRS and the

M KNACLY" pisy! Vatloddtyget dfnufRgdilefih aﬂusa&(ﬁﬂﬁgi?éseﬂm tiBh[E. B2lo 54 a Pl al es

[
cont ai ni ng gl ycerol uci ne L plate); 1In e presence of
L- 3- (2 81 icOE1o8&82Batkn9oddCTiR00a anal ALISORY 4 2:065n. nAty imglude blipark moa,

cells survjved, in 100 to.120.g/ nL,chl granpheni of on GV NM pl ate Conpar ed
Lo t he 15aliiFis Yk O irsted BOAGE TOIT AP SEpPsAG RO CIEENt PO Aol )

t hese res i ; I ' Aot

L-3-(2- nag*l‘h"i“ﬁ@’i“?ﬁé‘ﬁﬂé}ﬁ&ﬁgm%ﬂ%‘ggﬁgg Cgﬁ%ﬁﬁgﬁéh ré%s ’ ﬁggﬁﬁfg}mggne rq]cl).e [e:att(::? ds to sone
degr ee.5 [ 2&RlagFmsisuphdrphonoddoare rddifiatDNA mytagéndsisemut agandsisTysimRSzappedir d

natural amn Lds, on r d. of shuffljin s carrjed out ysing the
above fou%ﬁ?&%%@ﬂgg%gg %H’&“&?l&é‘?ta f?ﬁ@”?%"@ﬂf?%%%&féﬁfﬂﬂ%%mi brary
was passe I F b U hit | : | and
negalto Ive S?ngﬁg&ﬁ&sgﬁnﬁggayé%@égﬂ( SS 128Olf‘lgf/ﬂrﬁel?%!)ntl \E\gg‘:té@ﬁn\%gc&i%tﬂﬁoofe

activity frifivationaleletion motagsndsis wastagenesit by toteligene dyth@5€) doBblg/strind

chl oranpheni col ) 10 [le its activity toward L-3-(2-naphthyl)-al anine was
enhanced (I_F'IE%S_E?F'@lrn@fbﬁﬁb‘?'a el o ,:g.,[lyg}ol']ﬂngﬁéln'ﬁwapgtnﬁs, SGabove
descrifed nBjky B rﬂ@&ﬂrﬁéﬁ%ﬁm‘ﬁ%h.ﬂ% ¥ LAl AR hutab e sid Ean ey Wy I N Tabl e
2. Ap -117 plasmd s-used to express the nt RNAT A gene and the

chl or anphemayal indaretayibe phtiefratasiy owueing mbleanle anblered pomutaddédomatallpAsp 112.
A 15 pBK plasmd sed to express TvrRS, and was catransfarrned with
OY-T17 | ni O eRmEnplecy o SSAUFRCe. tRAYFYSH SO AT PSF ke CEropeet (St e i

t he presengg-ffedi fi-qient concentrations of chloranphenicol. [284] Table 2.
I n vivo chl oranpheni col acemtransfer ase assay of nutant T r S. ICO

(ug/ mL of [BB6br Ehpatervéeaity andeampldfomdberfinrdeg ihathebepRBedfitcer Additiensli on S

L S B Sk e s B B L

Approaches 1o DNA mutagenesis: an overview, Anal Biochem. 254(2): 157-178 (1997};
Dale et al., Oligonuclectide-divected random mutagenesis using the phospherothicate
method, Methods Mol. Biol. 57:369-374 (1996); Smith, In vitro mutagenesis, Ann. Rev.
Genet, 19:423-462(1985); Botstein & Shortle, Strategies and applications of in vitro

20 mutagenesis, Science 229:1193-1201{1983); Carter, Site-directed mutagenesis, Biochem,

L 237:1-7 (1986); Kunkel, The efficiency of oligonucleotide directed mutagenesis, in

Nucleie Acids & Molecular Biology (Eckstein, F. and Lilley, D.M.]. eds., Springer
Verlag, Berlin)) (1987); Kunkel, Rapid and efficient site-specific mutagenesis without
Phenotypic selection, Proc I Acad. Sci. USA 82:488-492 (1985); Kunkel et al., Rapid

25 and efficient site-specific mutagenesis wirthout phenotypic selection, Methods in Enzymol.
154, 367-382 (1987); Bass et al., Mutant Trp repressors with new DNA-binding -
specificities, Science 242:240-245 (1988); Methods in Enzymel. 100: 463-50C (1983),;
Methods in Enzyvmol. 154: 329-350 (1987); Zoller & Smith, Oligonucleotide-directed

muragenesis using M13-derived vectors: an efficient and general procedure for the

30 production of point mutations in any DNA fragment, Nucleic Acids Res. 10:6487-6500
(1982); Zoller & Smith, Oligonuciectide-directed mutagenesis of DNA fragments cloned

info M13 vectors, Methods in Enzymol. 100:468-500 (1933); Zoller & Smith,
Oligonucleotide-directed mutagenesis: a simple method using two oligonucleotide primers

and a single-stranded DNA remplate, Methods in Enzymol. 154:329-350 (1987), Taylor et
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30120 30120 25Ito 35100 150 [8S] An L-3-(2-naph th yl)-al anine mutant of
nmouse di hydrofol ate reductase (DIIFR) was generated and characterized to
confirmthe ability of the nmL NAcj, fSS 12-TyrRS pair to site-spdci iCE&UNy
i ncor porate L--%Z napht hyl ) -al anine in response to an anber stop colon. The
Tyr 163 col O B2 nouse DFR gene was nutated to TAG and BCHUSO/ 625 was
added to the COOHtermnus of DRto facilitate protein purlflcatlon usi ng

Ni 2+ aff'ﬂ]' tr¥e G5 PR aaﬂhmﬁﬁaa 6439&1NA YEr 30 ioR lenzyid alNP8 tYorepare

j annaschi i rRS was 8 O C T 2005 WO 021085923 P /USOZ/ 1246
coexpressefdc tW&MMd@BﬂQ@?%(IQEﬁ] diagler ebalp Jihe sepidgenératibe TAG

d h \Wh S r RS d '. h, th
- CRNATI o ROT RO ARG S 3 R SE BTG g eodned o
ful I -1 engtHvADMEE. J%ﬂaﬁim&@smals?es g?@?[ﬁssﬁ Ndkiida ew E&l&t@ﬁ Iﬁm%ufénrafgl L in

liquid | ~rP mhrmal mearum. In the absence of &ither L-
(2- napht hyﬂe;matzamm@nunftewﬂ I cima@ﬁ,@a‘ﬁpﬁﬂ@;ﬁmﬂaﬁmupsIaadgﬂhp,ﬁm‘amm to

Go0r ©or m AEERBHHeHrdir e mgpadioess. Sk Asid Rekrte- o970 SOECISBRE st (e

absence Ofy| eWEQJnuEE%s&QR)&%H%?&hwﬁm& Bligan etddbille E’E%.;%H %u‘?&%‘?x?ﬁ? of }:h e

L- 3 (2- napht hyl )-al ani ne mitant of nouse DHFR were 10 anal yzed

' -1 R armqmﬂdﬂ_@_nrlérﬁ@tleﬂjﬂdﬂﬂ%}t Snytesreials Strepé spacyatiearage of confl rm
unambi guou or ati o al an i ne, The, peptide map

th th
o et o obalap kil PR B s AR et R o SR elashor BB iy ch s

Wt hi ng3. 3. AR 8f erh AB0k DRAKIGE, (2988 TRRS, Aidd Rﬁsttl%ymfi El-@q'ﬁtahﬁ?et al., The
LLPEX*TGVLSEVQEE where represents the3-(-naphthyl)-alanine residue (Pro

164 was mgaapaﬂdm;deﬂ'ﬂﬁﬂt@prmdo@I:gﬁnndf@ndnﬁbmc@dwﬂm amstriiftian, Sucly) .

034 5. wniasideBir a2 TS AR S &Ry Ot i b Pt stion
i nterest igf aWWhsivih Farped Guplex DA, MBHBACH Eﬂ&fvﬂfamtsu%ﬂgﬂmam@s#)f Kedthdrhe

spectrum clearly denonstrates the site-specific Incorporation
13- ( 2- naphet ki Inpapead aneyrvaticointviteo reaciont i the saptedivpley dhVA aepmp& tmor LC

L5 (Rapr Ry PHeLe i R - deti o taméé!@é@!&ﬁwhé& B3 e

si gnal -t o-pk 8€al’, @izfggnnézeﬁmeeaﬁmmpu@m atidhst BQapsed e oA shows a
fidelity in the incorporation of L-3- yl)-al am ne of better than

99. 89. [ 297pcehhee eirtbb edtmtinyeact@nsan vtrm; a&ﬁﬁar@.%* 112882 - +Leu3

, Asp 158- P 15 9- Al 167. 25
cor r capond R ECTuERLTATRAH pa GEY aF: 3?8{?“3&9%930# #0 i PR 07
(Asp""" ), pllgoh@desific (BRI rblied\nRlafhelik R¥n$ M I PRk, Nuct Qudills RS, 194 4451B.

stearorh. ernophi lus TyrRS residues in parenthesis. [288] Based on the

cryst &b st44t}6,1{lﬁi’é)o@arﬁﬂefnrmﬂmcbywyuéﬁﬂ@dﬁe@f@ﬁ@ﬂﬂ@gﬁt*ﬂsumﬂ%? vediers,
- Methods in Enzymol, 154: 382-403 (1987); Eghtedarzadeh & Henikoff, Use of

oligonucleotides to generate large deletions, Nucl, Acids Res. 14: 5115 (1986); Wells et

al., importance q,;" hydrogen-bond formation in stabilizing the transition state of subtilisin,
Phil. Trans. R. Soc. Lond. A 317: 415-423 (1986); Nambiar et al., Yoral synthests and

23 cloning of a gene coding for the ribonuclease S protein, Science 223: 1299-1301 {1984);
Sakamar and Khorana, Toral synthesis and expression of a gene for the a-subunit of bovine
rod outer segment guanine nucleotide-binding protein (transducin), Nucl. Acids Res. 14:
6361-6372 (1988Y, Wells et al., Cassette mutagenesis: an efficient method for generation
of multiple mutations at defined sites, Gene 34:315-323 (1983); Grundstrdm et al.,

30 Oigonucleotide-directed mutagenesis by microscale ‘shot-gun' gene synthesis, Nuel,
Acids Res. 13: 3305-3316 (1935); Mandecki, Qligonucleotide-directed double-strand
break repair in plasmids of Escherichia coli: a method Jor site-specific mutagenesis, Proc.
MNatl. Acad. Sci. USA, 83:7177-7181 (1986); Amold, Protein engineering for unusual

environments, Curre inion in Biotechaology 4:450-455 (1993); Sieber, et al., Nature
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mut ations of Tyr32- Leu32 and Aspl5"Pro 158 probably result in the,Loss ?Q,fr]
hydr ogen 30 bonds between Tyr32, Asp 1 58, and the native. substrate *-*
tyrosine, thus disfavoring the binding of tyrosine to SS 12-TyrRS. Most
residues are nmutated to amno acids with hydrophobie side chains, which are
expect ed t &Q PP ndi ng of L-3--naphthyl)-al ani ne. 83 V\OPORIUSEEL2ES

PCT/ US02/ 12445 [289] |In summary, the cell growth, protein expression, and

eSS Spect oihhYioe XA arﬂﬁnmﬁ@deSﬁ r@ts@e[{r@ér I\tnggge ahiNes-al 188l ad y! RS

pair is capable of ectlve I'nsertin t hyl") - al ani nt o
proteins iA. iempeni.@asmntj_lm"ﬁ_gﬁv@ﬂﬂ‘? 8(1196&] u&sldmnnﬂldrmgs thatangf t he

o al |yl “obhife Agvegnedifine Tawl BuBottBaraeiay Yoluut 198 wbah RSeyst em
was used t&esEﬁ!EEqusé,’fuﬂf ﬁe@sfdm%ﬁm@ &Bbﬂnéﬁﬂoﬁfeﬁﬂs‘ﬁﬁm §M{Hu@?ﬁlﬁ?%ﬁn¥§§' ants that

accept am no-, 1sopropyl-, or | - contal ning tyrosine analdgues The
system3 nch'laﬂmdsa mul ti purpose reporter pl asm d used for application of both
r the facile and

itive 1 d at | ect
Guant |1 at | ATy ERe et o nugh R Felbes St ey ALGARROIIAEHERN S0P acer y
transferasg, &%@Tgﬁ'ﬁhsy rgh[ﬁY‘E:ﬂnf& i 4 gnﬁsé\ I%gﬁ}isj?a:ﬁ?t LEéiIs%athe M

j annaschi i et ase Tyr nmer ase reporter
system al | gmdcﬂ@mmmﬂ (ek., spnsfhahed eraanhmmd bmrarrisfdrr'tml) ogihl the gecomof N bot h
unnat.ural, am no aci d. Fluorescence gactivated

t he resence and, absen
cel | g orti ﬁ"bﬁ ‘ES‘“{”PR S E@%ﬁr PRI AGIOLBE VRIPT AR FIEFRSIEN YEFIPNt e ¢ hat
accept fat V:f]c%r A bRYoRE) a‘ﬁyﬁ!]e iwd ﬁn‘ﬁ'o?léylgﬂgg Jﬁﬂ%uﬁﬁrﬂiﬁwmﬁes were to

assess synthetase activ qualitativel uantitative respectively.
[ 291] Desi g:niymiclamda,rmlm dma@amdmmmed@emmmtmeamsyude bftd oer.llss to

devel op a rsatile screenin tem for the assessnent ase
acti vi !to y i ?'F PUPITEPOLEANISMY Ry T@ﬁ%@m%%ﬂﬁﬁ%éeW@rM| &E"% 6‘?%at er
degree of gontiQl: oMefsh e, mﬁqgsy;euﬁémwp&uﬁppéa&g High PABHE :11 re& of

synt hetase variants, especially nedative selective pressure. e system
was to be peetratian lassndlsparhelcae-uuh\zht hedeiofacidapither wmkmiueh:snmmmscyfmﬂaﬂtlmsds

varianis, a repaqrter S t hat ul o hi gh-t hr oughput
screenhﬁg W“gcg?fl Pr Bh! EQUFP&%{}%‘E tlﬂh\éﬁ %ﬁ gﬁ%&%’%J facile qualitative
and quanti g V?h@ﬁ?g]mrédqrbspéaﬁmh hel-aRsedn mﬂkuo’fér WewicAentdi® thodifdTeet.
these requirenents, 'a fluorescence-based screen was designed. The system

was based mpprm:r@;qﬂohm@sa@umenﬁémemﬁmmn@ﬂtc&*‘mmatmg\pamms af the
green fl wuorescent ote I n s been o m z far. e ession i.n E. call
Coneri | sty e TRk cfeanpaoR R Ao TR TR BB o

1996, 14, b9} 3dSkeral WISkndwiPEORES @rﬁnbamﬁﬁgﬁaé&ﬁuéremtmrsuﬁmlﬁé%ﬁr&@ns
fluori rretry as well as_visual inspection on 30 plates and in liquid

cul turdd Thre asaylﬁfommgf whishgae tie vershintthapresgmn inventisre - Bhese imtdie: Tusivpmfessi on

f | ect th duct f
{1 uor escente ity S HRRR AR PR R o B LR AR PR irlied  eporter, -
it s Mgl BnBaRier] 000 MR:AMR HABRERBYERGTS 0% RUERaTBLIbk) akl ¢ b

pl acenent of " the anber codons within the gene for T7 RNA pol yrnerase, which

was desi gnBacterinl geliseandepised tn anplify theyau piasméds eamtageing DA geastiggis t o

ot her of this invention. The bacteria are Erown to log phase and the plasmids within the bacteria

25  can be isolated by a variely of methods known in the art {see, Tor instance, Sambrook). In
addition, a plethera of kits are commercially available for the purification of plasmids
from bacteriz, {seg, e.g., EasyPrep™, FlexiPrep™, both from Pharmacia Biotech;
StrataClean™, from Stratagene; and, QIAprep™ from Qiagen). The isclated and purified
plasmids are then further manipulated to produce other plasmids, used to transfect cells or

30  incorporated into related vectors to infect organisms. Typical vectors contain transcription
and translation terminators, transcription and translation initiation sequences, and
promoters useful for reguiation of the expression of the particular target nucleic acid. The
vectors optionally comprise genenic expression cassettes containing at least one

independent terminator sequence, sequences permitting replication of the cassette in
69



anplifiable intracellular reporter systens (Lorincz, M, Roederer, M, D wu,
Z., Herzenberg, L.A, Nolan, GP. cywretry, 1996, 24, 321-329; lokarnik, i.,
Negul escu, 5 P.A., Knapp, T.E., Mere, L., Burres, N:, Feng, L, WhidtHeyillim ,
Roener, K WO®RHs#F R Y., Science, 1998, 279, 84-88). The FZTREW/ebyNEr =
gene was pl aced under control of the arabinose pronoter in order to allow

facile opt']ma'ﬁ%'o r ti §% r ' r
codon- cont%'su ni ntéés‘l'% ER&IIX ggfgﬁ.gﬁﬁgét£€2§%itigﬁcitm Zal.-{dl %ﬁi‘ﬁﬁéﬁ Fﬁéﬁﬁ%&%@%
pol ymer as egrokiyutic apbnikaryotiy systems. AVexdiswine suifiblxofy raplipsidnemdih@giaiion ip! P,
was designed to exprﬁss anber-con‘:@l nipng T7 ymerase variants under

RNA |
control of PIOkAYSlESISKYYates, A petferably e -h@“@ﬁﬂima@%‘gﬁﬁﬂhd@”f &B8h{IGPhof the
2 : . . . .
Pr OOt & ofdelsObl{af, Rithare, 328073148 “S’Qhﬁen?*‘%y N iy i gﬁ('stFﬁJgure

desi gned to optlm z& synt’Hetase-'de uctescénce

6b), wér e (19635 Aesbel,/Bamipbil Beopse {#akrrp). o8 whutdoguRoPBYetd) andN | vari ants
cont ai ned an N;tpsrm' nal h‘-‘; | eader, sequence of seven am no aci dsqéMTl\/llTVH)
and 1-3 anBsteriaphpEcssueivt fr eranng is pagvidst & 81-by he AT e offte ATGS, and three

Ao ot PeBRRNP pf BEABSE bhd Budteri gl (1 18 el B or T8 iRk TR 071 e

at position J ust downstr eader ‘sequenc 'ants 4-9

cont ai ned ATCanYadditmlabbasseipwtedunssefdr bajueitidg), c1dBiz akd dibBes aspdddof Q 169, or
@32, respectively, which were predicted to he |l ocated in |oop_regions of
the structmplecgsr biologyang andgdying theosstiegl consiqerationsagpelsg fourgigs Watson e

4101- 4}113) ' - - o} ' ” : Ituted at
posti é#s I\ﬂf g%gﬁg@%cﬁg%%&%éﬁ %fgwgg”@ r%‘é‘ %%ﬁ"“'ve%%ﬁ?ﬁ@% d constructs
were eval yagey Othef isetulirafetanyenng. fdraell (9ol aimt and coftulel (¢g., f@ﬁdbﬁaq?]l@ﬁl

fl uorescence_enhancenent _ usj ngpg@gorrpati bl e pI snjd_cnt ai ni ng t he

or t hogonal MuclRiGRAIghelatipn\ac iR Frspaese (IR of ixmimaleinells, 3ghof

99 . . : ) ) | ¢
oyt her as G2 Sehitie i ehfioh, Wiky (S, NOW Vock S e fenk B flelne by © ©
p REP( 18) @d}fa}oo' ]l?ief &INCE922DFPTant @%lgmﬁzh'?iiesuefﬂlulmrehn Bival Siserhid luhniW?Ic;y &rSOn(s];ij )gur e
6¢c) and -400-fo r er. nedi an rescen cytornetr igure in
ool 1 2 W ontlarrey York N1 Gembis 20 RN bps 0o, dposLRiah Cobalishe aid Ol

Substituti i ' : ] I . S{L| jng to
the anber SBGIArEEnL RV MR STN AT M BHAR B RRSV I G BR B RERIBNEL 19,
RNA pol yma¥ess & ark) andi Aptdsyang @arlisgsdsy Ehe (2odioctorfticrchibirical Medin(l #$3)ur pose
reporter plasmd. In order to construct a nmultipurpose plasmd to be used

both for LeRediPsigBeilaenddni ng variants of a M jannaschii TyrRS,
| td %ga.] ' ' }'\fﬂw F A O)
82?/2523 P@%ﬁ(séi@afgﬁ%g,c rocﬂ%ﬂgw hﬁggﬁgﬁﬁcﬁn&é&%ﬁ;& u t]ffilﬂgf:%é,ajcgfi ence,

2001, 2292, wHaBerS00aticoraohatandpRERinybe ditdddof Fiandard ofdeyed fAhmsany df a
pREP/ YC- JYCUA assayed for functi L. cO i bl e plasm d expressing
a vari ant’ Wemmﬂlafjscg Al sovsps raych ﬂ%&ﬂﬁ%?d%@?ﬁ?agﬂ "PIRY  Her beri ch,

B. & Schul : | : 2 | <Clen
I ncor pgr ;t(lhr%dg? ?ﬁ%ﬁ}%ﬁgﬁﬁ 55/%)% gﬁcé?lgjgﬁ‘%g}r# g?k?‘ﬁ%é“g&é@%ﬂw U(R and pB

- MYR , dnoviwwwekpressgersem); ©pefonOichnelogidsilne dAfarnddapCANphdmiagpbthery | C50
value of 120 rnicrograrns/m, identical to that obtained using plasmd

PYCJ17, and a Tl 4ot 63CeRfa) Compositions

c B\

25 [242] The proteins, e.g., polypeptides, peptides, etc., of the invention {e.g., comprising
one or more unnatural amino acid) are optionally employed for therapeatic uses, €.g., in
combination with 2 suitable pharmaceutical carrier. Such compositions, e.g., comprise a
therapeutically effective amount of the compound, and a phai‘maceutically acceptable
carrier or excipient. Such a carrier or excipient includes, but is not limited to, saline,

30  buffered saline, dextrose, water, glycerol, ethanol, and/or combinations thereof. The
formulation is made to suit the mode of administration. In general, methods of
administering proteins are well known in the art and can be applied to administration of

the polypeptides of the invention,
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enhanvenment of 330-fold for cells grown in the presence versus the absence
of OW, as neasured by fluorinetry. 10 [294] Evolution of the sufgtrﬁt&é
specificity of the Kjannaschli tyrosyl-t t]lIti N synthetase. Resu Jrhd
shown that the am no acid side chain binding pocket ef the jannaschii TyrRS
can bb evoM@¥A§IM¥e| ectivel y accommodate chemical groups oPREBUSEIEACS t he
phenol side chain of tyrosine (Wang, L, B rock, A, Herberich, B. & Schultz,

P.O., Sci : : z ' : ; . P J.
wont cnem a2y TE sy CmpdHlaT Omplfitl o or SRR PUIRERUE FanvEnich & 2
gener al i t yopttonalp&tstedah oasbnmorsspipdopracoimmtla andar inyyvitd ajianhasdids iof Tyr RS by
chal I enginqg, the enz ﬁm FA% accept four, new functi.ottalities: péhsogqropyl
- Phenyl al a 159@&0&6&%@1 Cﬁ‘bﬂlﬂﬁW%fP%isﬁbaT%m tmgie,d9sagss agsREhnE 9 ani ne (p
F, or & - j 4 ' [ : j-al hii TyrRS
vari ants wﬁygﬁﬁgﬁgﬁﬁgﬁ@aﬁ gh%gg?ug%%@tsﬁ%ﬁg%%hﬁgwe%ﬁ , 1¥59, 20
and L16R2 ( Wetiviry, stabiBrvawlothefsuititiée nessucds ofnnfut hedetrzto RAh@al anfiebacide, 2001,
292, 498 ), residues thought to for he hj ndi ng cket for the pare

posi tion oPOPAEEHH SO ﬁ@%ﬂn%ﬁpﬁ F@&ﬁ’@édww@@ﬁﬁ% RBHLIMAHY p1 as

m d pREPI Ygg, }}1 : : ' ' 5y diversity of -10,
were used to \Seagﬁﬁ tggﬁgﬁé@gh{dﬁ?%ﬁgexp r ﬁgh?ge?gédt%% %/i fy synthetase

vari ants sgE4dtt Admigiswgnion,is pAeny plifie rauteOAImzRy geedefof ijtrodivingayndlesil25 of
positive selection were carried nut b |l owing the:ce|l]l cultyres to ow to
sat ur at i oniTtpultimate BRI M %‘F"@ﬁ‘ﬁﬁ‘@/ﬁﬁi}é- ngc Pﬁ@@%h?‘“ﬂ%t%ﬁ“ﬁﬁ@ﬁﬂ%ﬂ aci ds.
Cell ajgqu : EIHY : L RGidHE bt sel ection
and usie% tg&ﬁ%@&ﬁgf feﬂ a.ngi\?\}&é(?ullhﬁm gg'cont%1]|§l§:’|&\ﬁ‘rﬁ'E’J“)jprll%y1 gﬁwﬁgﬁgh{gg]@d or Cm
and t he cupbamacasisalhgaiceptable @artirt. cSwiable metbodsatfladatinieryingsudhhi s poi nt

cells that fluoresce are likely to contain,synthetase vari, s 30 that can
accept onePOPIECHE (G FoMet oﬁli‘crﬂfc%f’t'y Hent &aﬂﬂﬁﬁmﬂiﬁgg@em% from each

line werembtajgﬁ%&étﬁaﬁ oREgRE ¥t BEARET REntA% fadSRIA R fsRioh S, € | M nate
natural am no acid- accepting synthetase variants. The non-fluorescent cells
wer e col | epardiculanabutemah icftee grovide pmgie igroediste tod gareieffitdtion acliimesaeaniohi fi ed
cells i/%re used to inoculate a new culture for a final cycle of positive
sel ect tbn THMERYEFTRE t ure cont ai ni ng unnatural amino acid and 86 19 OCT
7005 WO 02{08p IPRurkfedduitied®) dctaf@bIcBarfeds hrd Welkom B\t Bark By%?éolsh’.@édlﬁn each
popul ation of cells was plated on nedia containing 0, 307 60, or 100

m cr ogr ans EoripaSiticantsting adwanisered, ad wel 2o by thecpaaipprlapmetho usaditn aduimstentlic no

acid. [29 ldentification.and characterization, of evaqlved synthetase

variants. Eoprses AeoiiHpehiRiSa i Al st Jheble S inint duced

10- 400- f ol gn.gmasdeicaliametitions of tht BRLERGAMNIER] ONi es than plates cont ai ni ng

no added amno acid. In“contrast, plates for the pCF popul ation produced

t he saife nlid#6kr Paliypéptide cempesitionsoiapbicgdministaredrbyve numher of aeldéstincndiog, pCF.

The ten l.aggest..fluorescent col onies wer.e picked for .each of the plF, PpAF,

R S BT T R e AR g e A A
alTBshimghll Br REtaMnkRAUtURMAHRY dviRahbiaolpehig: acid. A

10 saturat Edﬁ&uﬂaﬁedﬂs%F (
gualitative assessnen of Fl uorescence producti on was nmade visually with the

use of a hesprsitidns cangsoby adreindatered viarkposoinet. Juhmdirmniglitiongaytes ped6]

Synt hetase_variants corr.espondin 0o, cl ones, pro i ignificant '
di f f er ence®FHP I%f“f 5“6?‘8@88%%%%?%&@%E?Pe‘%’&g’a‘!‘gﬂﬂ‘r Sﬁﬂﬂéﬁ%%}s fromthe pl and
PAF porul af4ensThednnkRirhldeninb 66l pebPepide slondbi lrecdritiifstich Witk beieE siglables

were identified fromthe QAT popul ati on, ) i ' )
components, can also be made into asroso] formulations (i.e., they can be “nebulized™) to

be administered via inhalatien. Aeroso! formulations can be placed into pressurized
acceptable propellants, such as dichlorodifluoromethane, propane, nitrogen, and the like.
{248] Formulations suitable for parenteral administration, such as, for example, by

30  intraarticular {in the joints), intravenous, intramuscular, intradermal, intraperitoneal, and
subcutaneous routes, include aqueous and non-agqueous, isotonic sterile injection solutions,
which can contain antioxidants, buffers, bacteriostats, and solutes that render the
formulation isotonic with the blood of the intended recipient, and aqueous and non-

aqueous sterile suspensions that can include suspending agents, solubilizers, thickening
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Am no aci d changes occurred wthin the five random zed sites in all clones,
with the exception of two additional substitutions within thepl F'TLEME?‘E[I[ES
synthetase (plF-R ) variant. The activities of the different clones were
guant it at i WD Y2AEs8ssed. Fl uorescence was neasured fl uori netrOTogky2Her
cells grown in liquid culture in the presence or absence 20 =of unnatural

amno acid (Figure.8b). The Cm |.C50 re t erm.ned b | ating. the cells
on varyi _ngaécgh_c Lé‘ﬁﬁl!é?’)r‘*oﬂlé‘ BIFSCERIV - ﬁﬁé\gﬁ%&%f@é %P a%ﬁ@éﬂ Ega@l‘ ag]r‘ijﬁ:ﬁ‘f] Ffal

am no aci dprefdnitdtin@infiCdose or bR7 Hod UG LokthiAeBS AR HCANNGIIM Mhdafi@Tber codon
in the fourth position was used to assess the production of unnatural am no

aci d- cont al249hgPaevesi admirigragon enddmraygpus adpdnistrsigmare gréferedimethgds b
plF-R , pAF: RS, or. M:R vari. apt, respecti.vely,. in either the presence or
bsence of agmaisuafieh” bypsdieulyreopuesRstnspininon rdidydhiet B Bl AR or
al | three yan hafbRgut ARsdpRAuéS @D, ke T pitdla/ @508 6 EPOOGEISF, BRICSE, TBNsOf
unnatural am no acid- containing cell culture. In contrast, protein

product i oninaleukins; antibbeiesrrodioe erabther phermacdutialds defivened protaitjealans shitbe of
unnatural amnp .acid. Profeins were alyzed b 0.clectros SS

apect r omet ROGHER G iakBbEenprot e Fretane SRt R AdmiSe TR R mORE fore
pl F- cont ai fHahen R0 Shtho &3d3F1R80invBarieh. (18430. 21 expected) for the pAF-
containing protein. Activity nmeasurenents obtained using the Cmlse,

f 1 uori met r Z50hnThe gosstadiminisiepadds sipatieninial the esntextraf dhapredentétitentibrovever t he
activi of Lhe plF.R appeals. be sonewhat . underestimted by fluorinetry.
Ao comfhr etbhigeetnaiono e iciah Do o amarg s DG PERATLSBL ATBCHs 805 12465
di spropor tinﬂiﬁ#iﬁfé&ﬁbﬁ}gg b I ol B8 Lok YiHEp GIRE heti Afy, BBSerRbfy SPhY appiRition Shows

that” T7 RNA polyrneraSe nay be partially destabilized upon i ncotporation of
the p[ F an@hodese s delespnedhy the edpppray of thepartiiuar wectoy, af fothelatiohend flesi t i ons

within the reporter. [298 [y the mul tipurpose .reporter stem, The
reporter s%’t"’g?h %@E?ﬁ%@ﬁ' %Uﬁ%l%-hgé/%tft}l%b\gnagwgl mﬁm#lcgp%lm%%éﬁ: p_fc?lyﬁﬂraﬂése
plasm d fofheROhdiiBRSE iHe\HRSR! ACHEIPR: MBBoMERIdhY 8r siffice YR\ thoPMieat i t he
need to shuttle plastids between alternating rounds of positive and

negat i Me swbasest i Dhe size efahadossfis alsb yetetmised by dhaexisttngry ganiy end extenttdfanyand
one round 0 negative screening were required to enagble the identiflication
of synt het 3450 SR ssilers ot acouPudiihe af jisvialinp ofagrnisuTag RSP M iAo

aci ds. Theg@hé Rt Hf £parBbhiavpaeat ution 10 experinents to be carried out in a
matter of days: The Screening systemcan be used to readily identify active

synt het ase[2Fa} | brdadermdning thaeifectivaameun @ thad yacty arfamuyiaion trierpdministecedand

i ndi vi dual | h ' id ificity. of .the.vari ..[299] As
Geoer beo SRt ARRRY ot MR RAP R Bkt bt Pk i b ed 2
quant izeat i-wehy, FRPRKS, ihh%h?g&ihﬂ ebdleReOdircuyAtinpgil aoea kT, RhElatidhe

avail ability.of the three  OAT-RS cl ones described here and a different
OAT- RS ci -oteaiciliesi piogressiae pbihdslicerse, fndien where selppanti the predugtios phaptia

posi tivel/ neqgatiwe sel ection based an CAT and barnase (Table 2) allows the
possi bi | i tﬁ@”‘%‘oﬁ@&?gﬁ‘g ptoﬁ(ém{’ eﬂ}%fbf’&é%nt evolution systems in terms of the
synt het ase{263] | TR isscla@ihikieRd, £ £0M 230 RildfratlpRied) are ThbisalBNialiNStangk eveal s

that the three clones derived frompositive selection and negative

screeni ng wwinalint te Hosgeed of quowatly-pesddherapautigiproteins: adjestad éorithe alkpser esence -
of OAL: buf, .-10-f I [ tn . LN - .

unnat (Par SR ok S e R L RUAN S BR ol TP papr PR o e e
presence vaippltmenhecahienamdniont be atip Redwi abnafiionalakérgpy, Sndihdisg almdiidy6- f ol d

hi gher f Oradnﬁnistratiun, vaccine administration, administration of cytotoxic agents, natural amino
acid polypeptides, nucleic acids, nucleotide analogues, biologic response modifiers, and
the like.

30 [253] For administration, formulations of the present invention are administered at a rate
determined by the LD-50 of the relevant formulation, and/or observation of any side-
effects of the unnatural amino acids at vaﬁous.cnn{:ﬂntratinns, €.g., as applied 0 the mass
and overall health of the patient, Administration can be accomplished via single or

divided doses.
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cells expressing OAT-RS(i) from selection and screening than for cells
expressing the OAT-RS clone deri ved from positive/negative sel ei ﬁ@s;ng
bamase. Although it is not 25 clear whether this exanple is representat

t hese data su%gest that the T7 RNA pol ynerase/ FP system may al |l ow nore
stringency ¥ 58k i ng agai nst synthetase variants that af€Tgri®mMiBiesious
towards natural am no acid substrates. However, the fluorescence
enhancenen r TiRFe SISERN 0

unnat ur al gﬁcdgolgfédtﬁpgf expe‘%@eglhtﬁéﬁ{ epr eglzlﬁ%ﬁgﬁldg\\;\%?& f?%&?rlﬁ-@;s %ﬂf’iﬁ?c ]del ity
of unnat ur athe3(hedah meceines tha apporibrcaddise of agprio,obppbidn mtmﬁmuplumturrcmﬁeram no

of  nat ur ol DA ARG Afieo FARCHts SHERSIGIFTRS Greer PRPhS e Bby

desirabl e, sd ek dché‘sehﬂ/d &mnp@m r&rh@ﬂ@ate& ko Hﬁﬁﬁ@?ghér tb%futﬁrxmfaaemoverg |

synthetase activity, which on the desired application

CT 20055 VD@@E@B&%@WW&M& ﬁa@.&iﬁpi&lﬁlﬁdmmw MEpeaidinoaaped ERNA

synt het ase evol ution. Vi ou sults and thqgse presented here denonstrate
That the: abSHEte IS RS SR SFRRHG BEIGHR TSRO i SUEHTA Tyr RS | <

quite mall l;‘l'hﬁamﬂéﬁ GEEYM’ESIE@P& HGwEY & KE&Dntiuar ﬂ@hgnﬁthe‘é@{? Jﬁggﬁ & o so

functlonalltles in place,of the phenol side chain”o Si ne an
with 5 higkessetrectivity. In this application it was denonstrated that enzyne
can be evolved to acconmpdate an am ne, isopropyl, or ally! ether

functional | Para position of the tyrosine ring, instead of

hydr oxyl . M md Construction. Plasmd pREP (Figure 6 a) was
constructed by insertion of a BamHJJApal | overlap PCR fragnent containing
the T7{(RNA pol ymrlﬁ@ﬁn@@ﬂ@lﬂ?ﬁhﬁﬂmniﬂ&iﬁ oP0-mEBIL-8866HE Pt i On term nation
region, followed by an alLl overlap ragnent containing the araC
gene and a[ﬁz?r%Qir&%gﬁrﬁ.@'tl@ﬂﬁ@ﬂfﬂcidﬂ@pﬁ?ﬁ%%’cﬂféﬂ'nﬂ:a@an&lﬂﬁeﬁ'ﬂﬁd t&‘i‘ﬁgta{ ogen,

for [ranscripfiona] ntrol of “the 77 RNA pol yneri se gene) GFPuv
gene (d anpsiediyn w@éﬁerﬂmamgaﬂlsmqef cTgsstspesiehamoar Wefiamis amedficiown(3t. Kemok, df t he

T7 pronote et waen t hdJ asmd 0177 w Engl and
Bi oloabs) [r)ig’b ?ﬁ'l d mﬁ ié_%%g‘? E\/@&gg)@(ﬂ@t 1’%@‘1”(—9& OB & t 019 an
Hpal | Apall d&&ﬁﬂﬂﬁmaf@%mﬂ&aﬁ\}éc@wr@@@sd&hfcandamé bap :PﬁBt}mﬁnﬂnt S
cont ai ni ng anber mutations at e positions described. Plasnmd pR

| YC- JYEUI AtEdd4/seuthetasapaieol Myfhhng@tcnmﬂwmhu)&i*fejﬂnﬂa&if;hn),fanagrmmadmm

A Hor ber MRS B G ter HBPRRR of BaBHMSTET v o Uiy e ="

desired 20gy ntﬁéiﬁh%gTyﬂIS)\i@e%s'aﬁ@ﬂﬁdﬁdoﬁ%&ﬁhﬁiﬁ?@ﬁnﬁhﬁ{ﬁf.ﬂprﬂt@ér' PEchith@el gl | s
cont ai ni ng pl asm screenin | uor escence. (302] Plasnmid pQ

was constr Bmle‘ahm S PIGHITS GAPP BN Topoditiomitim M. RomasciicF1rRS deernot hexgaent

Co B 105 ST ARMESH PRI, P AL, FEES G20 19 5 ©

cont ai i ngtHehdore. sh&ad@@f pivbfreabar MMt PRV areiho adMNStddea thedRIEAe | pp pronot er

regi on and upstreamof an rrnC termnation region, and the AvalJAatl

fragment of kRki@s begsyshEg| that Ao BImdiea BAppressey dep e frem thoMsiantaschi by

repl acerren d Lt h 1B 1"11
fragment o the gcﬂféﬁ?‘%ggﬂw&%?@f%?%@ ﬁﬁg@rﬁhﬁ t%ABP?Q‘ﬁ%TAG was
const r uct egffialentip $e piotedn trahsl AidiGR K. 0ol (B/Wahg, T.I0Maatier$IBC Rbem, PuGant  of
nyogl obin, containing a Ctermnal 6Hi s-ta into the lB[BADl YC-

Schultz, I, Am. Chem. Soc. 122 5010-1 (ZGDG)SJ Mar&over, the M. jannaschii TyrRS is

25  orthogonal to E. coli tRNAs (B, A. Steer, P. Schimmel, J. Biol, Chem. 274, 35601-6
(1999)}, but stilt efficiently aminoacylates its own suppressor tRNAZT, (L. Wang, T, J.
Magliery, D. R. Liu, P. G. Schultz, J. Am. Chem. Soc. 122, 5010-1 {2000}). Thus, the M.
Jjannaschii t(RNAZ, /TyrRS functions as an orthogonal pair, and can efficiently
incorporate tyrasine in response to the amber codon, UAG, in E, coli.

30 [257] To further reduce recognition of this orthogonal tRINA by E. col{ synthetases,

mutagenesis and selection scheme was performed. For additional details, see United

States Patent application Senial No, , titled “Methods and Compositions for the
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JYCUA plasmd, a hybrid of plasmd pYC-J17 (Wang, L, Brock, A., Herberich,

B. & Schultz, P.G, Science, 2001, 292, 498-500) and pBAD Myc-H s A
(I'nvitrogen) containing the gene for MYt RNACUA, and-the pBAD prérﬁo@@rlﬂ%d
cl oni ng r eBYioir8fEd het er ol ogous expression of an insertedpgamss@ksd 0 OCT
2005 WO 021085923 PCT/'US02112465 [304] Fluorinmetric and eytonetrie anal yses.

Singl e col gnires: kR Al ] ! i e 2 mL
DAL cul tFPAE o Sy O A B led® A R R S BB B e
and an appedie0ds ehybetafitre hl)ditedeoneairantly #ith €iss itg@nt applititione sheiBsctogf®Wn t 0

saturation and cells (200 ,L) were pelleted and resuspended in 1 5 nL
phosphat e-¥urigh isdnepprpted ipEIS)etitgdY.| concentrations were anal yzed by

oxaitati SﬁIZSI%J 3@%9‘%113;%%5 @Lﬂﬁf%%&?ﬁ%ﬁ#xfa%ﬁ%?c&ﬁfﬁ:ﬁ%ﬁ?ﬁ%ﬁ% E‘&gﬁgf%@ﬂg‘eé“ :’?.]
PBS fri VAR [ 1.SS] Vi
posi {1 ohs. SRRy R ove M pbrgans TR S BreChRandfiR ™ Bt thisbrdon asm a

was transf @ dbkpd,0TRIsRRN iigffarf#EPFﬁ%‘tpﬂhnﬁfhad WtEati Wietdttibf (N témoves
subsequently anal yzed fluorinetrically. [3051 Evolution of am noacyl-tRNA

synt het asctRks that are amingasylatesidni E. cpyirsenihatase s felioweadiyonposttivesselagion forons

Y32, E107, D159, 1159, .and L1 2 (W ock, A ich, B..&
Schul t z, F’%"E’S @Eg‘ﬂﬁé’ﬁﬁ 1@%%}9%%5%6@;8,5@%@} ok {)ﬁ?eﬁrs‘lb‘%?"ﬁ%ﬂlﬁﬁ‘}f\/\za E.
sol i cel | sihé kdshRinEQABPRLRE RNASCAR SN BParPRERLY cd¥pBicA:G8A LAY Cbased 48

library with a diversity of -109. Transfoormants were allowed to recover in
SOC medli unjuppressisn ofrihambesstop epdonet paongseeniial poyitiew Al ¥ ftha BENedi um To

begin an initia ositlLve.sel ection of l.ibrary. cukture el | eted and
FeauspondetFir2iameRe sa Hirred of Blas@edt v cametSlalef il b BaRupid

cont ai Ni NGkuAprekdorGRNiA %ﬁhﬁﬁ@ﬁﬂghﬁ@s@ew symBetafROleiisiaRaMsfdvikhGA tHy) . and |
rnM pl F, pAF, per, or Y. After incubation for 3 hr at 20 3.7C, Cm was
added t o aprkiemat ocfampieiliinaFi ooli whnstarmedgiith thand. jeshbshilaRN AgF0wnd pBLAM
saturation (-4 hr). For the second positive selection, a 100-nm GNUdL

cul ture coswavnanif.s Tecrogms/mySmpigillin Wi@m thabdstimutaNsTppregstPiRINEF, or OCAY
was i nocul at ed w'”;th cells from the initial positjve selection (500 AL) and
grown ¥o striititaad selectsd dpm thedibzgy H‘faf.ﬂpwsiﬂdeﬁdjrséﬁlﬁéﬁq‘%rﬁ“hébéa i ve
screening, a 25-nL Cam culture containing Tet, n, and 25 0.02% arabi nose
(Ara) was Wivoegrpmeenl ampicidisl The muant snpprewsed maRdbs i iovataadgbe falowizgo it

L., pelleted and resuspended in GN M) andg%rovm to_saturation at 37' C (-24
hr). Ara- Buenedide sestitwions owh? Al &, 2RO EB76% angh M7 G dior saimperisas, erfls( 1

L - i - f i
(PES) " Cor P RBLASIBRE, (f AR RREREOF by subobhli GARRPRRANE oY b RE-BRTY |
antage T SEheefikn SAHeRthdWe RurfalRCrRRE iSLodRPEASRT WiR tHis r@®NATSCEeIii th

excitation at 351 nm and enl ssions detected using a 575125 nm ““Bandpass

filtersg ‘C-ogu%gtgg 9943?‘%::(1\&0 %ﬂfﬁi bibRAIAD Tﬂhs,ltﬁé%tR%A%}gliygBﬁﬂlglﬁ :E,Lh:?%m for

cont ai ni ng an a, and grown"to saturation. grn't round of
positive i I l@;ggati . . || eted,
resus pendztﬁg ?%&dé%ﬁ?}f%g'géngl 5‘3;3%‘8‘? ?'l o J'? g%u é:?lfeﬁ A %‘? l%gﬁlﬁﬁﬁénonggﬁﬁlgng TO
Kn, and 1 éieM:i%t'fy b?ﬁﬁrMp}anmﬁrhii%YRSfA‘fter 90 1 9 O C HOO5 WD 02/ 085923

[259] To alter the amino acid speciﬁcit}; of the arthogonal M. jannaschii TyrRS so that it

charges the mtRNAZ, with a desired unnatural amino acid, a library of TyrRS mutants

25  was generated and screened. Based on the crystal structure of the homologous TyrRS
from Bacillus stearothermophilus (P. Brick, T. N. Bhat, D. M. Blow, I. Mol. Biol. 208,
83-98 (1988)}, five residues (Tyr32, Glul07, Aspl58, lle!l59 and Leul62} in the active
site of M. jannaschii TyrRS, which are within 6.5 A of the para position of the aryl ring of
bound tyrosine were mutated. Corresponding residues from a mutant M. jannaschii

30  TyrRS (mutTyr RS, for aminoacylation with G—nﬁethyl-btymsine) are Ty {Tyr™),
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PCT/ US02/ 12465 i ncubation For .3 hr at 37C, Cm was added to a final
concentration of 75 pg/rL and cells were grown to saturation (-24 hr).
Followng the third positive selection, cells were plated on G mma‘ganﬂﬁ
containing Tet, Kn, 0.002% Ara, 0, 75, or 100 tg/mL &Gm and O or 1 nM plF,
DAF, pCF, OYO&KESHnd grown for 48 hr at 37. 5 [306] Expr esECEASanR2465
characterization of unnatural am no acid-containing prot eins. DH1OB cells

cotransfor @gw{g sAZPBALEY? T A A nshAME S APPEOIST 1R ?gﬁlﬁl glasmd were

used to inocul 1005 mL"W- . “starter cllture cont aining Kn and Tet, which
was gr O\Amrmmsb&mw,ah:i'@nTyrRSS'eﬁdm it phtenthesicont ai ni ng Kra, Tet, 0.002% Ara,

5;??1” ESCfﬁLZ@Edfﬁéﬂe 27 007 TRIRL B oS @ﬂiap@sﬁm’a@m' T%ﬁ?'):ted

Cu .

accéféieﬁg“’ﬁfﬂﬁwﬁ? g‘*ﬁ?ﬁc%ﬁ%“%f?ﬁ%ﬂg‘@a%%ﬁ%%hﬂy gl ey i i > ©
ifi 20%

A R e L S %%?%f?rfg?ﬁ@

Exanpl e 4. nfatéed inovhiol t}mﬁmﬂume Qahdamlflmumwh}bBCRaﬁmﬂg@n%ﬁs m37] As

descri bed above, the copmon twenty am no acids are conserved across all
known orgaﬂPBQ‘iIBD igopyeastdes.an expanded genetic code is provided herein, e.g.

for added gﬁl’lECt{‘hQ e j&érﬁ&m}ﬁf T_WR E:%c%ﬁgﬁge%@g uﬁﬁeﬂﬁgc%ﬁ%éprﬁ ]_lT@rlrngt erm ne

whet her th anded” genetic co s a eou Wth a

particul ar pwmméwndltemﬂhmﬁr mcplﬂhmrarpBFaMEpﬁrpBE3bhdéerﬂlpmhﬁdbﬂw oduces and
|ncorporat es the unnatural_am no_acid of interest 20 is desirable. The

pr esent® i nkaHmEH ﬁﬁ'é\i‘ﬂ'éf’es Residies - (wkiTo dsp 1ofe He |3t Ll A WEEd d
or gani sm ?)H:Qtl J??d wﬁﬁ% ! Eé_gﬁ@Sg&éﬁ(%’gﬁgg‘%&%%r@ﬁ%ﬁ dh’?ﬂ I?risadd' tional

amno acid or gani sns  an

produce an%ghmimmdss LBAGT S GO AMMOELATATCR ACEAA TG AAATG-8] rmmue:t ed:
(i) the abi Iha_y to synthesize a new anmino acid from sinple carbon sources;
(i) an arﬁl synt hetase that uniquely utilizes this 25 new am no acid

and no ot he @ﬂé’l‘f dﬁr@a@ﬁ%éfﬁm U RITRTENY C PV PRRGRSCITE O

ot her, and |ch de ivers am no aC| i'nto proteins 1n responsé to a
codon that TIdE ARACS chEE 58ry-TAGET TATIAGCAMGTCAT AA YATAC-BedWd5 ef fort

hamett o consepi CASToRA AR TE R AT R AR R I CRRAR o 1 ty to
30 gener at %&ﬁ&?ﬁ@m&mﬂe ?Ckﬁlfﬂ@@%ﬁ @Ifccmm%aﬁﬂmm}cm?&

K.L. Mck, and D. A Ti Chem Soc 2000. 122
Hanmano- TakﬁIR'CEAEI‘G BtLW167 - CBhﬁECCTGMCFGWCBT&WGMMNA&Tm Budi sa,

Shown t nai ATRAENDRERAT ERAEE icRTEATaRb LA eol 1R S50V "

02/ B523 PEN W%é%@ﬁ%%@d@kwwl aﬂﬂiﬁ’w 108"y _ A AETCROAGTRREGAAT

site- speC|f|ca y+ | ncor orateavarlety of newamno acids into protelns
Tn vive,  CCTETTICRAARTGOTGE ith NNEEN=A T HONBRAG AT, andtMaCA (Slpeetm;e

B L

f or the Prpgugh @8Il A%)Eha Nosed ahckliAné RS- PMFH@E%?BR&!YM ta af¥rdSRoUl t Z
et al. {Attorney Docket Numbér 54-000130), filed , [ 309] The
present i nVeritS braro mmtqwcmwerthnmwwm mianH@By:wnmmnthibt hway
25  toyield alibrary of 1.6 X 10° colony forming unit {cfu). The TyrRS genes from 40
randomly picked colonies were sequenced to confirm that there was no base bias at the
randomized NINK positions and no other unexpected mutations. The library was amplified
by maxiprep, and supercoiled DNA was used to transform the selection strain pYC-J17.
[262] A positive selection was then applied that is based on suppression of an amber stop
30  codon 2t a nonessential position (Aspl12) in the chloramphenicol acetyltransferase (CAT)
gene (M. Pastmak, T. J. Magliery, P. G. Schultz, Helvetica Chimica Acta. 83, 2277-86
(2000)). Cells were grown in media containing the unnatural amino acid and selected for

their survival in the presence of various concentration of chloramphenicol, If a mutant
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systemto produce an autononous twenty-one ami no acid bacterium In
addition, the present - invention addresses the question of whether such
organi sns have or can be 10 evolved to have an evol uti onary advarit@geT eiier
or gani sms WRHZHEER3t he twenty natural amino acids. [310] APEGSIRIMEY

aut ononous bacteriumtypically conprises a biosynthetic pathway system

9. Tor FRSuRkAG: AL HIRELHIhaBTAS Ak doy WAL URLALLGM GVt em {or

i ncor por at nnat uraF am no act' | ne or oterns in the

bact eri Umuﬁﬁﬁﬁmﬂﬁh&ﬁ:@ﬂﬂ@fub AYshaW:tyscal Iy conprises an am noacyl

synt hetase that uniquefy utilrzes this unnatural am no acid and no ot her,
and a t RNA26BatThessuadyingteetls imerd thed gsywnt nehapesand of ahlosirhstienicahghdhithd
delivers the unnatural am no .acid into proteins . in response to_a codon that

does not SRETWE A WRBIlamiRe 2adi ghﬂiﬁﬁﬁgﬁéhﬂéﬁ%ﬁﬁtﬁﬁﬁg‘fﬁsﬂ-ﬁe“ﬁi‘-‘@sﬁiﬁﬂq‘f‘et i c
i f?_ﬁ%ﬁgysréitéﬁﬁ%ﬁﬁs_?w%%ﬁ%@ﬁm & rﬁ@ﬂﬁ;@ﬁ%ﬁﬁa@ﬁw@mﬁ%&?ﬁeﬁ%
a1 d, p-ar PEMBEERSH & e bl P SIEPl el Rl PR st B o

| ncor por atBERE Fefedile@bdstad Frowi hese Ak, leSoBBink @ Didditns bySENAChaH1iag, shd _
unnatural am no acid for an autononous cell, e.g., based on its interesting

physi cal praspiormpdbackeingp E. qafi fao fthengpustls efselectiopdr ogen bondi ng properti es,

oo know 268c e v hble B vl it el Brow e wBathndre
produgbi onh@hryPAhg &fcebyl NEHAB ¢ drboA Il SUpFESK achethivl) G-Reth i A HRtkd) Merdiised

g
chl oranpheni col and pristinamycin have been identified in Streptonyces

enezwel ae intdidpele pr Gepelestiqnsthatiwese perfermadss folbawect i vel y. See, e.g.,

Y i, K |,, Strept | A . C i
por It ABBE] Bhscine pasodid SRR . SRERSS ST of SRR priphok bR B anc,
V., et al., ldentification ' f f t or

ori st adtmmingpt wab Rl PR AR ReRBAA At B sACTCTES RFAREY 858 srag,

4- di met hyls@tﬁ[j ¢dd]§:-)85%plﬂ%§ }Zﬁlsﬁi l;ﬂlﬁ 18 QAT GRS, PdsuRfk,SE.1T nﬁfﬁﬁér@’, P c\pleey] ar

Nf i crobi ol ogy, : 191-20I As di scussed above, pPAP is opti onal |y
92 WO162)038028aXGiain A00F3, RE]-B602000D) ssaidgndttiesmiid i G-hl . Supstdoiled om

hori smat bi.osynihebicG.d nt er medi in.th s of ti
ant o’ aci RYARERITERE SRSt et s YRR o haes B8R e
Wi th an E-caﬁ%ﬁin@ﬁY@Ilﬁ&%Eﬂﬂ@%@iﬁrﬁyBFFii?%ﬁbata@t&n& moﬂfth\(m@@hng@oﬁ g & 15A

is optionaly wused to transforma Ce provide a cell that synthesizes
its own supEmzonl hapriging libtars Gellewemphen phgdendninbralysedia platdse

bi osynt hesj s, of. L0 VIVO LAV d ebiDy s NO. 67, QID NO : 68
provi des tct?gtag@&giﬁac%lgcefrglra dh[gg B’r@?‘%cﬁ%}a@fﬁéﬁ‘ _s‘”‘f)%b"}xﬁ‘t"‘%’ﬁgﬂéw code the
enzynmeg t hadracytBnd(Tey, 2PmRASEHmOML kERinPRRY Gl 050 BlcréhamssBbe t 0 pAF.
[312] Once a cell is nodified to produce an unnatural amno acid, e.

. ! r ; ) D g., PAF,
O net hyl - chlargmphenieol (Gmy) apdosimvh beeptam] weingoicl | Afterigegation at he ¢ fareld t he
cell is aliso typicall nmodi £ i ed. th tion of a translation system
For i noor pnge Fg s oY et PR SRR - CPh bl s oA RY UL O

the cell, jjdised aadsdraniformedmit@R tdli DENDBompenovilRedntsning PECCHT| anvd @ a
separate pl4smd than that by which the cell is nodified to contain the

bi osynt hetthe pnafernaeg cells tver Resitivelsseateslan ¥ suerps@pn(trbIof &er Colsgies unct i ons
o 12371681, 08 Ry ek e o RIS 0N ORI,
or t hogonalant Bi¥Aied cas two @tsgef, Kan/Tet GMML. plates with various concentration of Cm.

No O-methyl-L-tyrosine was added to plate set 1 and the concentration of Cm was varjed

from 10 — 25 micrograms/mL; plate set 2 contained 1mM O-methyl-L-tyrosine and 50

micrograms/mL of Cm. Replicates of colonies that did not grow on 15 micrograms/mL of

30  Cmin plate set 1 were picked from pilate set 2. Plasmids containing the TytRS gene were

purified and recombined in vitro by DNA shuffling using Stemmer’s protocel (W. P. C.

Stemmer, Narure 370, 389-81 (1994)) with the exception of 10 mM Mn2+ instead of

Mg2+ in the fragmentation reaction {I. A. Lorimer, L. Pastan, Nucleic Acids Res. 23, 3067-
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as provided by co-filed patent application "Methods and Conpositions for the
Production of Othogonal tRI A-tRNA Synthetase Pairs," by Schul t,z tT aﬂﬂ.
(Attorney Docket Number 54-000130), filed April 19, 2002. For e a%@ e
orthogonal tRNARS pair for pAF is optionally progenerated using a

Met hanococBEs"¥#fHdschii tyrosyl -t RNA synthetase 20 .. - (TyPERSySepi4sfut ant
tyrosi ne anber suppressor tRNA (n{ RNAT" ) pair as a starting point. See,

e.g., \Wangg (11995)}6%6*1mraré\wa@\fhefntfeﬁgst&mﬂm ?@H@EﬁﬁéﬁBKﬂ'ﬁb%&B%@ﬁorﬂ RNA
synt het ase pair for the Tn vivo inCorporation of unnatural amno acids into

proteins. secomd ger@mml TSoS hbmw@nmzaztymal Sond-HEI03 taddl Vﬁ?]gfu [Thimnd R G

Schul t 3. 25 [3141 Fqr AF fi
sgln'tjhetzase t’g]%{ﬂ éeadﬁfth’ ?rPQ‘ g&ﬁg’f“ﬁ &g" qu’?ﬁf&ﬁf ;ﬁ'ﬁ "f?ghﬁr’ﬁﬁﬁo a(S:PSCI '
speci fi ci tmtraaudeh%y%ma,a@ﬂﬁﬁ@wm BRsRS 'I’!ﬁs ﬁsﬁ@pwapﬁ&sa&%eaqhw Lﬁayelaﬁmhhe

conmon twenty am no aci ds. e.g., Wang, L., et al., Expanding the
geneti & cﬁd@lﬁfrﬂmem@ﬂlﬂéwmtlm fobipwext by siRdling. mcapcﬂmaaﬁﬁﬂﬁmﬂang L.

d P.G hu t Cod Chem Comm 1: 1-10; d
g L e Pasifis s eRan ghah MRS D b Feistits 30 TRl R (R P S e o
the genetigus@98d 10 chrﬁgalnsfn‘l[, ff¥the R Tound®e condPRtfatiohZt CrRin %%t%@et A

conbi nation of positive l'ections and negative screens are ionally used
to identi f'ya!aurphﬁlgldelﬁwrﬁm orangds bf BNy ;hu@iflmﬁycuﬁ@wabwmmts gmnmmn-ri@

random am no aci ds fi ve ositio 158 Il e 159,
hnd Lou 16 AR g B e ol Sihens e st MOh RS MU R s ARePPEbor ¢ e
plasmigh i spptal Qﬂﬁ\:bla}éldﬁ@@hﬁs&mﬂ@oq‘her@ﬁk@%e Qést ORAle SAEABD ALh 1wo rBundsdE
describ in co-filed patent application "Methods and Conpositions for the

Pr oduct i onDHﬂsfmfﬂlhgg@ﬁ&hmﬁmmﬂdQA@@ﬂt hetase Pairs," by Schultz et al.

gélt Eag'[ |n g% lﬁggfy%'?t E\RE %&gédgg#sﬁﬁgféi@e%ﬂﬁgﬁ&Shg?ﬂl*ﬂéofg P%%P]’é‘ltgréfslt;ﬁkﬁ ssi ve

posi tion V\eLtﬁ.tmris)} W Sl @daite Bhedal apﬁ{[dﬂaiﬂpa&ﬁf:@lr@&%tgé&&'ﬁl of BRRSdditiRpe,
e.g., Wang, L., et al., Expandin the genetlc code of Escherichia coli.

Sci ence, Zﬂdlan@-Zﬂﬂﬂpyl'M%ﬁBU@tCa dnatiae | Innhe alegce albgiiethyl-Land P. O

For  ovdl vi wiroate: B ARREPe 44 HOLRE %fpan@%ﬂ" ORI Op Pl KR P

' hem caAct@iateg 08aiBHs 19 gBRLEH), 0.8 0tM, le@meqm)l&doﬁimcr@graﬁ@mgsﬂous am no

acid. Cells containing t TyrRS library and reporter Elasmd grown in
l'i quid cumhwr@nwbml@nlnﬁws ware shleta gigwcen Gy IMbpleeewith 425 suewrtams /mb. 9., in

Suppr eser AR R COAERTRE earéﬁﬁ%Ma&ﬁ%Eﬁg@é#vEm%o§ﬁ%ﬁ§ SR ne 17

RNA pol y”%tﬁéiﬁe@ﬁﬂgqu‘i’& cmth@saeawo?%%u%l fth@hﬁm H&c:ﬂfe%ﬁsn ().

P03|t|vely sel ected cells grown in the 15 sence Cm are then

typicajpl y'p g0t Siréive althk Moydsk H&{cﬁﬁﬁﬁ%%f%ﬁwrh&ﬁfaﬁéh&@hked SN drlimthe( FAGS)
for the |ack:- of fluorescence. [315) Fvo(ration of pAFos: The reporter

pl asmi d, “pRERNEY pryabsgnceloh Lrdd2-matiyl thtyrogyen cBhis andi@ess thaaheyawbof gellsr ase,
COP, and nt

o e RS SRR e B B SRAER°00 o

posi tion [fdple ntigtichal Eist BOOYWBIHyPE-(9RIRMeC AifdaidtSofol iEPMB in@ A} 1T0-cA64 de
N-term nal Ieader peptide and TAG substitutions at M and Q 107. For the

positive iself«ioes oot signfiqastineffecighe growih rate pEE. ¢alhi nal nedia contai ning 35

Co/m i ns[g%@e T@#Jﬂhier J&&ansﬁtc%h%e %ﬂf&ﬁ%h&%B@ﬁ due IR sitesQbcifie

negat iVe
incorporation of O- mcthyLL-tymsme by the orthogonal mtRNAZ, /mutant TyrRS

(LWI16) pair in response 1o an amber stop codon, an O-methyl-L-tyrosine mutant of
dihydrofotate reductase (DHFR) was penerated and characterized. The third codon of the
E. coli DHFR gene (a permissive site) was mutated to TAG and a C-terminal His, tag was

30  added in order to separate the mutant protein from endogenous E. coli DHFR. Asa
control, the mtRNALT, was coexpressed with the wild type M. jannaschii TytRS,

resulting in efficient suppression of the nonsense codon in DHFR with tyrosine. See
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Gl M nedia containing 35 ugfm Kn, 25 tglm Tet, and 0.002 % ar abi nose,
FACS was 25 carried out using a BUTS FACVarrtage TO cell sorter with a
Coherent Enterprise Il ion laser. The excitation wavel ength was 135@Epmnand
eni ssi on was detected using a 575125 nm bandpass filter. Collected cells
wer e di | utW@®R#EY2ht | east 10 vol unes of LB, containing TePCHHMKIS5aN
grown to saturation. [316] Addition of pAF bi osynt hetic pat hway : The papA,

it ?“&tﬂfg@ﬁ‘éﬁﬁ%@%kﬁ&ﬂﬁﬁ@@@@ e LR e AN

a.p pS~C dgpi Iﬂﬁ&]ﬂ F!Fﬁ | ection.
Ri bosone %ﬁn |ﬁr$gpgr aﬁm(rb%’?"“@ér%“ gﬂj‘{ﬁ%&? %Eime(ﬁ thl]% : a\,?] cro and
pl aced prIa@srolirodmﬂéndﬁﬁﬂBbemudﬁwb?Nlraﬁ%mOdhmhmg g»hg with dis€eied 2009 WO
02/ 085923 PCT/ US02/ 12165 papABC genes were placed under control of |ac and

| pp pronotAdrR Tﬂb" i#rf or d two pat hway pl asm ds pLAS -1 acPWand pLASG | ppPW

i ee Spt d2ilgCt e RRERE BUeREa Brollih i Rmaisty PERIg g i o0
(PAFRS) ! apcdt B @Wmdh'xﬁ&lﬂ CréabABgd B Al AP YhasEELT O

to saturation in GWL minimal media (pLASC was used for™h no pAF,

and | to 9&;9%&9@ yiRA are kbéeiressed, DRl GBI AMFDEFRO 6 Ml 102 PTasAizdsm 111
determ ne "t he background suppression” |evel of the reporter plasm

sanpl e of lemichG growth was diluted to an QD of 1.0 (600 nm Wi th water
and 200 AL_was peI | et ed. re sus}gended in | . 1% PBS and 10 anal yzed
usi ng a FIl&&tlo daheatse t]‘éftﬂél‘,lt tyroage; MERNSnuamavBnEsgTHR%s 351 nm

M oor dBcai R ne b Wt%ﬁrr%‘rﬁrred@eﬁraﬁm%{%%%w%ée% from the

reporter t h JPPW and
rnM exo?érf?[ @gﬂ@&gg ?B"A‘%"ﬂﬁﬁgﬁﬁg il%f-&ﬁﬁﬁﬁ@ SH@F%%;F ?L-Oﬁ'pés&ﬁf)w % 0 x10 4

fI uor escernfurtharidesonstedpkthal ve brgce amrdmufm wid pradecddunfhe absetcd FFEGhwas not
f easi bl e due |t§r| nhi bi tor%é affect on the arabinose prornotor in the

reporter phtRiAe, (RFCLIY IR, or Osmgthyld oiyersine. Seedteweisd concentrati on
E. soli DH1OB ceI | s. harboring the pLASC plasmd and pL.AS C|lacPWor ALAS
~1 ppPW verlé?Yr s ‘ﬁwlwt%%ﬁ‘%ﬁclﬁéﬁﬁﬂﬁb SPATSE & BF TATI SAHAN Wati ne)

cont aijgi n i W

exodanodg e et ayals crdRul fle b R R a TR AL TG s Phege

growt h. Cahass ofwhedntaboproeit eds bytewmmned 0¥ elgetrospnay io#8ti ot Fouva Sradforin . of
wat er and 0. of _tol uene s_ added I aken at, 37 *C 1llfor 30
mnutes alg %ﬁgﬁt@e&rw@aﬂ MR spiirorisacr SO WS SHaehie aciabye e
filtered (i diesic Qf?omaﬂgcﬁ.@t@r%é&%ﬁ%lﬁ@hav&lfh?ﬂtlrﬂﬁtlm%@@@i pad- 15 pL of
t he aqueous ayer separated on Zorbax SB-CI'S colum (5 gm 25 4.6 150nm

wi th a gr adhienis veithimé&tperm &f theseeieticakmetsarfilSp9 3. Eﬂ&[l%aﬁﬂ,ﬁleéﬂg dBinohsirafds: 95)

over Q-m nutes. Amin ci S re identified by abstracting their MA+1)
from tzﬁ (b HEcpgratio gB‘il\rﬁg WO e area of the abstracted ion was used

to cal cul qm armvmrsﬂpﬁiﬁdﬁ@aﬁﬁ[ﬁ@mlﬂhﬁ%n e fcﬁntﬁﬁﬁﬂks?gg%klu Bind

concentrations were based on the anount of water I'n et, 70% by
mass, 30 [pBitifitd By prosigsienatecfipitotetmatography inrthe prfant Protsing tﬂlﬂplﬁt-‘d):hHﬁAI\/B- 4TAG

A AL Bianoam kRSARest Bom Giode AT THEOR ogl obi n
gene (W t hh@hmBdRGppreisddh efficiency, rcsultmg in a LendMet mutation.
25  [272] This result also indicates that other endogenous E. coli synthetases do not utilize
O-methyl-L-tyrosine as a substrate. Liquid chromatography tandem mass spectrometry of
tryptic digests was carried out to confirm the sequence of the N-terrrinal peptide. An
example of a tandem MS spectrum is shown in Figure 3. The doubly charged precurser
ion at 691.5 Da, carresponding to the N-terminal tryptic peptide MIY*MIAALAVDR,
30  was selected and fragmented in an ion trap mass spectrometer {ITMS). The fragment ion
masses conld be unambiguously assigned as sltown in Figure 3, confirming the site-

specific incorporation of O-methyl-L-tyrosine. Neither the protein mass spectra nor the
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codon at Ser4) under the control of the arabinose pronotor and nnB
termnator. A his6-tag was added to the carboxy term nus of myogl obin. The
TyrR and pAFRS genes were 95 1 O rtiri 7gii WO 021085923 PCT/ U02A12465
expressed under the control of the E. coli G nRS pronotor and term nator on
a pBR322 &P P/ARSPI%ed pl asnmid with kananycin resistance. Th&@CPaASABR4gENeES
were expressed from pLASC | acPWor pLASO- | ppPW (13) under the control of

e e e B ey o RO A DO S L QBT T4
PLASC- | acPy¢ids inppldcs ofl (ppdetkydd -tyrciinat édin Re siznalbroovaisd mtid obihe pabtein magyal

nmedi a contai ning 0.002 % ar abi nose., Expression trials with exogenous pAF
cont ai ned SPEEIAAMEYARB S FLCemRogtion PeRLIer Qemetrd -tymsineavas gigined cel | s

] "0 i q d. and
brotern walShy Tpktobffler 1l o, bbALREBtoPind usy ootk o0 @
manuf acs ur efpefinfn@®d @G tinstHte Ghar ARL hmmgﬂcmﬂ&ﬂt YRS (L6 brt@badl Paitis Ca) -

Fifteen Al of final protein solution ( s m) ffom each ‘preparation were

separat ed pihadlelot ¥eRBSvarPinkaeing|(RHette/ 1 Aetyraine iatd profeifd idirdgdnsd o thxafime S:
In vivo Incorporation of -nethyl-L-tyrosine in an E. colt cell which has
been eenet Fedan Witles fidpiée rvgling thet eslnmaasl agiemecidanat ural  anino acid 15

bathways § AT AR ol i se BB RR B mliant TYERS Y S5 et Shab &I st by
© Iy, 29 ThAN AT WG 05hLin QL (0RRAS rf0h1cA9Y FRRRKITES IOk gBDE LPahIcA At

exi sting E. sol i-"pat hways. this exanp genetic

engi negy edsficht PTRC RS ohARNY Bitddtidha besARR tAC EdlloRin o deid MEi@aE ne.  {321]
Pl ant O-met hyl transferases are enzynes involved in secondary netabolism

whi ch 20 cesbsttationardiative s yildgypapyiRi: T yed ywthiehdpidregeodiend Toche anyg meygen

(1 so)eugeng] O- t hyl t ransferase (JEW d,caffeic | d . O net hyl t ransf erase
(oo (P ar Rioat o sPERaY AR i dnd apSim e BEPIsE e TS, i ueiess 10008 e
met hyl at esgg muggm&w S8 BEHPsine? Dds GRS Al Bt eD7C iRt daftef boddeo
substrates of these"'two enzynmes are simlar to tyrosine. However, both
enzynes hawephifyhvas nnsateditocT kyp and E4wioRy whizh imiodatae etk ottom of the binding

cubstr e opdeh sy R DR U < BBRTRE ES b puiiBedng
tyrosine t geloiRirRvbhiustTHERSI 1 @an KE ipedRiabdRR 165 of thchyirGdepl timdwR R idrkat ed

to produce large mutant |ibraries and several rounds of selection were
conpl et ed, batieer Ty1Pn Aspladrandisybyirats {ysopinershouls) disfavordrinding af weosind todhie and at

| east 30 ope..l o] r .an rain fhat hio esi zes
O ot hy! - LIPS SRS ERTI° A8 AL B3R oEArfER SRR S AR s
al so expr eps jinhasoiit 6PBOoR@drothBMA AT R TR S JRKBIhAgEe ez RE(P!B. B. GrlapVie.
therebi/%pr'-ow ding a cell for autononmous in vivo incorporation of an

unnat u@l Irbrskaertd, Aok HoetTBEBS $16d G71085920. POMCBOETIMAEE: Exanpl e 6:
L0 .| SSEPAIA) LTI TPR O AEMBR B ek SR SRt 000
group of O-methyl-L-tyrosine to extend further into the substrate-binding cavity. Other
important catalytic residues in the active site, which bind to the ribose or the phosphate
group of the adenylate, were unchanged after two rounds of DNA shuffling. Detailed
25  analysis of these mutations awaits the three-dimensional stracture of the mutant TyrRS
(LWIL6).
[275] Kinetics of adenylate formation of O-methyl-L-tyrosine and tyrosine with ATP
catalyzed by the mutant TyrRS (LWI16) were analyzed in vitro nsing a pyrophosphate-
exchange assay. The mutant TyrRS (LWI16) gene with six histidines at its C-terminus
30  was cloned into plasmid pQE-60 (Qiagen, CA) to afford plasmid pQE-mIYRS. Protein
was purified by immobilized metal affinity cﬁmmamgraph}r according to manufacture’s
protocol ((QHagen, CA). Pyrophosphate {PPi) exchange was carriedout at 37°Cina
reaction mixture contaimng 100 M TasHCI (pH7.3), 10 mM KF, 5 mM MgCI2, 2 mM
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used in only a nodest fraction of drug discovery progranms in the industry.
One bottleneck is the phase probl em encountered when using X-ray 2 07 705
crystall ography to solve protein 5 structure. Typically, the protein has to
be expresswd @¢g&F13i n the presence of sel erionethionine, wecThsepiakes the
wor k | oad and may not necessary result in successful «crystallization. An

ol ut§ on, ‘B ch NpsPE B ABAnL BGRE YR ahdtofh, AR RRIT bRy

heavy- at o3 2PPIHP®i, rahﬂgraﬁemwiuaﬁﬁw@f Bfdsiife dr-encdtliAICHASsihe Redétighyll t ool
to accelerate the solving of 10 protein crystal structures. [3241 The site

speci fi c iwergiinitated @@ﬁhﬁbﬂi additien of ﬂ@mpﬂﬁgfélmummmﬂ'%$ foWVd b6)a and pi@mt&wara

phenyl a] ani.n t o |ns i ne,and br

atons, and cffﬁ'gmal' H%E'E) ?F&ﬁﬁﬂi‘gﬁ'ﬁ m&?&r 3% Orbcrﬁe{%‘g a&giﬁa The

si t e- Specidhiyohin THRMHEicoRIwaY filidze Ry ALOEE vHE TN FRPE] %Eﬁnﬁﬁslﬂm al so
provides selectivity and flexibility in 15 choosing posi ions for heavy

atons. [ 348 scillitlaken g@tnﬂﬂﬁétteﬂetsnmnﬁ W%&ﬁ’dﬂ%l& in ¢hegcdabadgorbasTRh é’rail.lealﬂﬁnl ne

et hods. amiaLORgog T hele ek ERRaE! Hhrgor i G dRRRBlelon B! Biha (s

Ni | sson, &fonfihear Pr:RERidh 4aA1y8is, 1: 107-113 (1987)) was expressed, in which
brom ne or iodine was selectively introduced in the form 20 of p-i

odo- phenyl[ZaﬂarW ne: hidinptibpapmetsticiop thel mvtanic I yriSg.WH &) toavoarid iprosipoasd Don  of
t he nat ur m no_aci ds otein, crystal S were set up follow ng

st and ﬂ ‘E}FB!C Ismsmf%iur?ﬁéypﬁoggofﬁ'ﬁ@ﬁﬁ%ﬂ# Bt ucture of the protein is
sol ved uwmrﬁgarcgy crystal T ogresey; themphase Ts dfigiymfed usinp the heavy

at ons present in the protei n. I{of@_@glﬁ 7(' n vivo ing &r rﬁtlon of | net a
terSi ne yerd I_J"- r321 Aot 1L4||u o S—6 fratcu e
ani noacyl 3? PrFHrRSE RNAT £ Catscr| ¥ Exarrp ki 1) with netp-tyrosine

anal ogues: bb"ﬁ&qﬁﬁ Preparatiomn gt T 5%5@2915 prar pﬁldsm oS A |ibrary of

P~ HEEZEPPN + o

pl asm ds ‘ercoth 6 frot-ant—M j athasthi— YRoS—atHtectrea—at reta—substi t ut ed
tyrosi ne derivatives was constructed, gener ally follow ng the rret hods

descri bed g S

5 aopis. APaToT e i or B idifee SO IFTIBITS Tubiridor SEARE GEATAND, O
6.9 A of tibhepgrotivangiodBfoldhigher thae thatyfbr OimghelLapwene] sndaké keatifor t he
crystal structure cillus s]earoth n,no hi dus TyrRS were mytated to a] 120
am no aci d¥rosipe{l §%&$%250@55 {9124;0‘85@ %I’?hﬁt ﬁf@f@’ ﬁrtwq sthii ng
the NNK c )

ol s |1 B SRR 6 dnb Ty O I e O ML fdCime 3PARME 60 894,

Evol ution Iﬂghamhalnagmﬁltymﬁm %‘ympﬂnm-:aegchmnsemmlon ntqqumm:am B rotifis ah-:amet yl
phenyl al ani ne. After rounds of positive selection and rounds of negative

sel ect i on, 80541 whichdh Br glodr Kpvypdue (C8EHUM of th HWU?P}TéPFPLS e li#idee survi val
in chlora I,C no
acid. In {Iﬁﬁﬁg sgneé'g o?lym&gggﬁ &{ﬂhaﬁﬁ% ﬁ?‘a‘ﬁ%ﬂw LCE?m %mtu{,‘&ﬂm&? Eﬁi{ﬁjab]%rﬂr

chl orarrph%atgmlmﬁremeﬂmrﬂmﬁm cel I S har bori ng the one of the three nutant
TyrRS plasmds is 20 Vg/m . In the presence of macetyl phenyl a] anine, the
| 50 of resistance to chloranphenicol for the same cells is 100 Wil . The

| ar ge2@i f f er ence Exampie Jdnviveincorpenation offl-3-{2naphthyllalanive abi 1ity of the
sel ected synthetases to specify the incorporation of macetyl phenylal ani ne

over the natdy’ 3 .ANBeAfE HRolgdrdls &l decont\FardftR amino acid, L-3-(2-naphthyl)-

alanine into proteins in E. coli was accomplished. This result shows that this overal)

scheme is applicable 10 a host of amino acids. No synthetase specific for L-3-(2-

naphthyl)-alanine were selected from the mutant TyrRS library produced in Example 1,
25  described above.

[279] An amber stop codon and its correspending orthogenal amber suppressor (RN A,

mtRNAZT were selected 1o encode the unnatural amino acid {(Wang, L.; Schultz, P. G.

Chem. Biol, 8, 883-890 (2001}). The M. jannaschii tyrosyltRNA synthetase (TytRS) was

used as the starting point for the generation of an orthogonal synthetase with unnatural
80



for mmethoxy ph en yl a] nine were simlar; five clones were isolated (SEQ
I D NO 22-26). [3341 Protein expression of unnatural am no acid incorporated
DHFR. The rn- met hoxy phenyl al ani ne and m acetyl phenyl al ani ne syht)ifétg§es
sel ect ed above were used 15 to incorporate the relevant unnatural amno : -~
ds in respggﬁeyao an anber colon in DH.FR as previously described in
Exanpl e i SRS 4 negative control, cells containing boPRTUSAN12468
ort hogonal pair of tRNA-synthetase and anber-nutant vector encodi ng D FR
were  growamiid dcidbsrbifizitge This TyIR8tdéeShoraminack e any didestiRR R BolpRMASL €i N
expression are _shown in Fiqure 10. These results cIearI% denonstrated the

i

speci f i ci t {Ste8t, Bhé-?é@hhw?hl +lzﬁiﬂlp§‘f=#m@£?1m)ﬁﬂk->3ﬁﬁ%£1f?§? @tiaﬂé@?w}ﬁéns?d f
ani . ine. The .yi

Sinrevec BRRORTNRN a0 MRGE oy P B I 02

331] Uil izl ; ' i T

ooavetyl  ChrBogta 2 satopefNelOE AR Ry SREMR Sas SFiiGn Forsfidfragy

hydrazigie gges tabgrvRsis DEAficAR sLIdhAl ?&ldrﬂtﬁﬂ fYorARptokiie bmd ARAY havasdvs at a
mlligramscale. The carbonyl group will react rapidly with hydrazide in

aqugous sopakingpropeties.m hydrazine that is stable under physiol ogical ]
it N J. J.. e 11Z, 3-3899 (,1995)). Thi
chem st ry. FE8TE Torhing 3Bk aimina i Pehily SRRt Sos BALrRa g, 1 abet o
(Corni sh. " PENARL B L-CLan B ARARY B 81laly oL MG AR AnBUERT fiary

8150-8151 Sﬂﬁﬁﬁ%&m&%gﬁhREﬁﬁtﬁﬁ@%a%% ¥d aﬂ&‘%&‘érﬁb?ﬁa&%dﬂ‘:ﬁp&fﬂg{sﬁtﬁs %é;HFR

t
protein was treated wt uor escein hydrazide I n agueous buf
cont r ol i ncyyawbitiwityre af gherichiodogows TotRD kpm Bhdliyd sbemitfrenopiobs forek, &t DHFR

021085023 BRerv1Dacaons BeM o T ek 20, Eaf Aoht Afesiiesabyrtidand P

then excit gghsaiy «4%% MMAIR'BRAHE acfibe Sifees .njatﬁﬁ%s%wﬁ?k. that RRGVHAn WA 1N Fi

gure 11. Un der i dentical.” con di ti oils, purified macetyl phen ylal

anl ne, -i nterpee gostoDbf R and sing 2 tyredneviveramitlated dxcrsiliceithy wildzype whil e

m r net hoxy _p | al anine .was t labeled. 5 [3331 The fluoresgein

v azi de. PG oot N T AwR RlsEhpy Juded R T A e 1
possi bj=® t firdk all@huthtbe rThIAGIAE. Y TheRBRMYA LAl vasAla TFHI@Q&:@WQ_@&FE& Picalptae
intra cellularly with fluorescein hydrazide. Cells expressin g the "ketone
handl e' - i nfampliasrass chamvesyion (FER) brdeth mhtaperasisovitsoligonuplyelidesibgaring
solution. After 36 ﬁour @%ﬁ]d .ext ensi ve washes to renove exce-ss

T uor bocei RS sORAS ¢ ¥ coliaraBia SR ot el nowne 10 pu d 11ed an d

subj ected {281} THEWRRAR TYERS FBFONWheSHE pashed thriBhed postiveQBlct@bn bide@anal el ,
m  Met hoxy Phetlyl al ani ne-i ncoraggrat ed E)HFR was al s% urified with the sane

pr ocedur esSuppreision of pp smbesstopcodea abampnzsentiyd pesiewperiphdMin®t® gure 15)

wh J | | | i;h fl i i d
e DI BB Ak e R Seh el L SpE s e
d trat T t il : t Bl 2 Wi “RBL
nnat ur ar - SeaRRindE TRIRNARE e siors Fiotvndh rinRhALRI, Mrlofle KM B8 Lot ns

with at |ngaehyIRRGniAE3A4 90 R/l ERlofengHehiol, BRXeIR TR Q8rvi MConIY % mBealle . biOtin
hydrazi de and ot her hydrazide derivatives. Exanple S. In Vivo i _

ncur oor al | PrRY antimobe/1gasibie VARINA T with dishekhdtutallainihsd acidyet 1.ON2- dmphdeT)i
ments were perfornmed j n which photocrc Wnker am no
alanine. The surviving cells were then grown in the presence of chioramphenicol and the

25  absence of the unnatural amino acid. Those cells that did not survive must encode a
mutant TyRS that charges the mLRI-\TAE’,_',,, with L-3-(2-naphthyl}-alanine, and were
picked from a replica plate supplied with the unnatural amino acid, After three rounds of
positive selection followed by a negative screen, four mutant TyrtRS’s were characterized
using an in vive assay based on the suppression of the Aspl 12TAG codon in the CAT

30  gene. Inthe absence of L-3-(2-naphthyl}-alaning, cells expressing the selected TyrRS and

the mtRNAL, survived in 25 to 35 pg/mL chloramphenicol on minimal media plates
containing 1% glycerol and 0.3 mM leucine (GMML plate); in the presence of L-3-(2-
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20 acids werc genetically encoded and site specifically incorporated into a
specific proteinin A vo, Thi s protein was then cross linked at will by
excitatj on of th e photGeacti ve group- providing tenporal coﬂ'igt@ofl Iﬂl]J5L3361
'nis i nventi oni s useful for, z. g,, explori ng protein int i S.
For ex anp@02{0B¥2% in vr-nti on i s useful for definin g PEBUSERSELsS n t he
protei n primary sequence that nediate 25 in teraction with di fferent eel

ul ar ¢ QEBARGNSanie KAIMGAIVEL S RBSHY 20 AR chREERASIol LRENIMINplldl®

pr ot ei n. a-coval en ondi's forme e protein and

ol ecul e itompaiéEioats BCWhvkiveiid tHeabBofe b hfy TOREILE/ mIC A oRimphemiasi et
interactions.” [3371 Two chcrr~cal functional groups have gai ned pron nence
as crossl ithtserssultaindicateathatiss selncled Tydhie aorept L3-(oaptiteyl)-okningebuatalsov at ed
at wavel enﬁ,]hﬁ abov%H’gOO.nm .%0 bel ow, whi ch protei n damage vi a

phot ooxi daP{ISHATERRGUFE 2NIRY AHALINSOMELEEIEe: o cross) inki ng Wups were been
| nc osporagrd dﬂﬁ*uah&mdmah&f@iy {ﬁrﬂl@m‘&taﬁ@'l‘gﬁ{ft@?drd AeurR RGNS AliddloRe and
p- benzoyl -'phényl al ani ne respectivély (Figum 12). 99 WO 02/ 085923

PCT/ US02/ rausbof[2S3] shafling stk oaried o Mg theabbvafduo miypiratgenesassémplabsr ami no
acids. The,orthogonal ir scribed in anp 1, t hanocaccuys j.annnchii
TR A & s mysal BlaRe e R mebled TR Sy o Gonanerabatin BvRs
speci fic_fselechdifd 250 A2 SdtvR KEreat) NOhd dlan?TyIFE G5 19-THRY] WiQ ePHSRY v aBi ne
(pBpa). The nmethods for nutagenesis, screening and 'sel éction 5 were

per f or med atotihofur ngtutd andngparidneat pieatby tdduoe @€sePiydadLi chldrmapipiréedd)

Bri eflé, a MTyrRS i brari of nmutants was generated in which five residues
(Tyr 34, vhilefigactixgytowmaegl-3-(Znapighyi}-alaning 2yasgapenced dems L¥s/ miese

resi dues \@ﬁ[ue Chlfoa%? on-the basis of the crystal structure of Bacillus

Sl ear ot her z&)rﬁf' yr RS conpl exed with tyrosyl adenylate (P.$rick,

T. N. Bhat §283]M1HeQusulio of thdahote MblcaBed BV viBh OAT assiysAng 3icui 28RN Ty@ whi ch
10 honol ogous residues (Tyr34, Asnl23, Aspl7 , Phel77, %_eu180) are within 6
A of the Rfhars shosnin TabloR. #hpY&rkll7 plasmid vas ubal todxpsase ienmtRVAS, rgenant
TyrRS |ibrary was passed through a positive sel ection based, on suppression
of an anmbendsheothiorethphenicol aceigitransisrase gens with gAembed app codemha Aspll2. A

chl or hett] col etyl transferree CAT) gene. |l s, tran rned ith

© heoy b he ERE SRFBRERSS seh 1 PRsSR AR RS A v eatarme B RECETE e £ he
presence la;eiHI10EVPEORs @I CH CAIVIMIISRE Gab titrdled Yi Emﬂe@ﬁbé 8f &Ptk ned

synt het ases capabl e of charging the orthogonal nt Uwth either a

nat ur al orcopganireeT ofgorgnpkanékol.These synt het ase genes were transferred
into cells containing ntRNAc Tl, and a variant of the LI A gene encoding the
toxi ¢ barnase protein, which contains three anber nutations at perm ssive
sites (G n234jAshdde £ Iv vitd/éHerampheniBoloektyl thnsfoi@eRedyGF mBandry$rRBUI t Z, P. G
20 Sci ence 292, 498-500(2001)). Gowh of these cells in the absence of pBpa
sel ect ed. agai nst synt het asesCgIRIRAIE oPERIfablphéaibglyNat ural am no acids. [339]

After fivemufatM@ARD! PRSI QAN ARGATT VE SET ECLT 0N T 3aSIH Y ndphikdl)-Ala
synthetase plasmds were transforned into a reporter strain in which the

producti omgafyrk8l | length CAT and T7 RNA pol ynerase (T71AP) ar4£ dependent
on suppresgiTonRBf anber stop 25 col ong4@n t he CAT and |7 RNAP24Ekne,

r espect iWeer yel¢@ont oro SW Schultz PG !r roc at] Acad Sci U SA Apr 2;
99(7): 418819b¥rRB8002) ). Because the T7 P drives expressiont?§f the green’
f1uoresce®h¥Bein (GFP) these cells n be fluoronetrical I\0screened.

Ni nety- si2"rYfites were screened for a dependent chlora ni col

resist aﬂ?’wr 5 uﬁ‘l:’m&‘
8312-TviRS 9 150
20

[285] An L-3-(2-naphthyl})-alanine mutant of mouse dihydrofolate reductase (DHFR)
was generated and characterized to confirm the ability of the mIRNAZ, /SS12-TyrRS
pair to site-specifically incorporate 1-3-(2-naphthyl)-alaning in response to an amber stop
codon. The Tyri63 codon of the mouse DHFR gene was mutated to TAG, and a Hisé tag
25  was added to the COOH-terminus of DHFR to facilitate protein purification using Ni2+

affinity chromatography. As a positive control, wild-type M. jannaschii TyiRS was
82



fluorescence. Six distinct synthetases conferred Il e chloranpheni col
resistance on E.coli 30 with I50s of 120 rngfL and 5 ng/L in the presence
and absence of 1nM pBpa respectively; they al so showed pBpa dep&ddénflirp
fluorescence. The large difference between the chloranphenicol resistance
in the pre¥nherBaNd absence of pBpa shows a 100 WO 02/ { J559B8TAIs6XAE4@005
PCT/ US02/ 12461 5 substantial vivo specificity of the sel ected synthetaselt RNA

Phe cel | 1 FheRBEHBAau0 5B IREAHB A Bl 1t SHUsHST SHIPTOT/S 7155 Bbr SOBAMEY papa
I nto rnyogl obin._To asure gge fidelity and efficiency of pBpa
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observed i[t86heTrpds divees bf thedoh(2appinbiiaglaninenatitanadf MokseOMER Gvere
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senne in fERM ohthedhroretica! massefithe trgeicneptide LEPEX O AR wheredbhi nat e
at positi f 7 bd s i ' t he

o x mut ancepreads e 10936k MHAES reatBUE (relday SRSEAG T o Brafe.

158: Thr5115®¢ aseeddfprasaon cffiobmges Further, tid interpreaidrandam mas@épefiddBlofl n vi vo
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et hodol ogBFe"F’-HFGTﬁﬂIEB'i e ot &Wﬁbﬁﬂaﬂmw# I @acéfépbla@?rg&%e% ef the peptify of
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W1l ans, B0t ﬁI‘?’EﬁgFPH_ ,maﬂs_*‘%ﬁpﬁﬁg}@%%%aﬁ’# ﬂsvw%béﬁ_ﬂ“ﬂgﬁl“m"“ n

21- 27 (B0 9% hich@fe %—%QQ—&&%PW}?%&%% fe¥fauc ist @ sthﬁteﬂ%l‘lér%hﬁné“’g(fi&s.pﬁpe . residue

Phe52,” which is barie I mer 1ntertrace of "the cryst structure, and
resi due Tysig@lwiniclse rgio ofohore tiianebdfd sbskrvéthia thopemilecuapsabpenalfidglityan Phe52

S T wor b GRS QAP AEN P R DR ASP Ty hot ase RNA pai 1
[287] The evolved §S12-TyrRS ha:s the following mutations: Tyr32-sLeu32, '
Aspl58—Prol58, el 59— Alal59, LeulﬁE—rGlnlﬁZ, and Alal67—Vali67.

25 Corresponding residues from B. stearothermophilus are Tyr? (Tyr™h), Aspm‘ (Asp”ﬁ),
He'? (Phe'™), Leu'®? (Leu'™), and A12'® (GIn'™) with B. stearothermophilus TyrRS
residues in parenthesis, '

[288] Based on the crystal structure of the homologous B. stearothermophilies TytRS, the
mutations of Tyr32—Leul2 and Aspl58—Prol58 prebably result in the loss of hydrogen

30  bonds between Tyr32, Aspl38, and the native substrate tyrosine, thus disfavoring the

bindinp of tyrosine to §512-TyrRS. Most residues are mutated to amino acids with
hydrophobic side chains, which are expected to favor binding of L-3-(2-naphthyl)-alanine.
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was then used to site specifically incorporate papa into § ST in E. cola' at
these sites. Upon irradiation with |ong wavel ength ul traviol et r'afli?af ii¥h,
purified SIGST was converted to a covalently |inked-honodi mer as judged by
denat uri ngWEDBABACE. Approximately 70 5 % of the S GST presporamesi1zics
crosslinked in 5 m nut'es In contrast, control experiments using either
wld type ont |n| a at residue 198, which |lies outside
thedi wer [ZRIL Risuliagy G20 ea&?@ﬁg%ﬂeﬂ@re&@r et spiF g 1o U
[ rradiat | Qhpekeidd dm% €l 8. HETRARL 194 P2 £0RS Sl IS APRAL bt ferdiRely

[ ne a I'n

substitution can be use o acid

pr ot ei n-pr. - t nt het ases
I ndi vi duallﬂiﬁﬁ%%{%?eﬁ%wﬁmsallgﬁné %ﬂékgéﬁiﬁé %gﬁ )TII%%HJ@%&HI v?gg/léﬁtﬁage“&lﬁ%/o

i nocul at e fodefity riwdlingfthitBf sheomdtembarniad amdsh kanarrym n and tetracycline to
30, 20 ng/L. After 20 hours growh (37L, 300 rpn) cells were diluted 10 4
fold ip dTi 20 and, repliga sotted on Lo pIa One set of
pl at es-were suppl cHEHHEES2y AL St 1N et ‘
icrograms/L, 15 r?ﬁ{aﬁﬁ:fe'a\&%idg%rc”d chl ar arrphenl col . at concentrations rangi ng
fromO mcrograrns/L TOo 110 rogransfL. The second set of plates were

i denti cal t h é:?g_@} H@E I pBpa .
After 48 I{EQ?Je "Igggkodso aﬁﬂcﬁ orarﬁ) nnf{%g%lu%@gst?s @La%%@g%ﬁg#(?%nd
absence ofsypBpassagimad thel Rtest abing, isbpro@?h@@iﬁlryabnmmnﬁfg hisifeaitgnecol  at
whi ch hal f_the nunber of colonies on the ﬁ}éat es with no chlorar nphem cal

wer e vi si Dile systom ippipded s Pediynspose separtet plasmedused fpirrplis aireoidioth pptivias
i { t
poncs 10y i PadhBHAE DGR BAE M e Ao QURALHDL Evdpadd @llmdblge Ao

chl or anphestieivy. A%lﬁhﬁph&mﬁmwﬂﬁdjﬁfﬂeﬁke (atm*)smm¢ledrebposmaadﬂemuﬁet hods.
[34] Protein Expression Plasm d PYlI § OInut 1 which cont ains_the nutant_ §j GST

25 gene orfCRAFUYIXSE sl WWEr‘W&Hﬂ %SI@W& Jartt THpRbyseetpse/GRP a | pp

pr onot er I

o tr anst qepest syt IR Rase B0l of SRS oL CRNSI RN R BB,

Cel | s wer grespté drideabsemteld amunodtui erfino awixht Bluofesgpnkapetinatddeeditsoitthg
m'croarar ns/ L_and te%F{acycI ine at 25 mcrograrnslL before being washed in

PBS and udEASY Wasdeef WrsErepn peginsy SYRPASR AN ' %cﬁ@’téﬁfiw&“i“é? &cigy

anti bioti [ 00 of
0.6 by thg"?hl?éﬁflﬁﬁﬁdg ar g%ﬂcnos i&oﬂcﬁgﬁnﬁﬁéﬁs@ﬂm y 5 h u gﬁ{éa?g%ﬁ%ﬁ@l | s

wer e har vagmmitatiyel v cesgectifelgat i on and protein was purified by virtue of a

&Ere_rzggga\lﬁﬁé}a- hl_StIgldl ne t%ggth% [Bg Ni - NTA aff| nl}ﬂé’F‘gEE&?ggltﬁg%’:‘% hy. 102 1 9

expressed ﬁfﬁt:&%k&ehﬁ& CgEth-H fof He%s&@%@ﬂt%‘f B0nthetds il rAPr ﬁﬁ?@cl‘]ﬁnﬁiﬁ]l

anal ogous nanner to except that 1 nduction was tonstitutive WI

0, 002206 arantrcronsef a Swmnl fesa gomtemdsgres pémmmﬂrevwhmmle:tﬂemaﬁ appliad toNAP- 10
col um, (Pharacia urified by HLC. To.ver t he incorpgration of
popa'S t h@OHBERS Of B e Pt VAT ESRen Al By BaiEaElet Rt g, A TEG RNt r ap
MBSS SPectyATELEYised fobiss MitRARYiiSE ﬁ}&ﬂm&gﬂgﬁ%ﬁ@»@@g@n@ eI e
assenbl ed by overl apping PCR, using X-3 (Phanfiacia) as a tenpltate, All
PCR r eact ivemssounghtéhatavould be amenapds W@Igh#&u@mh&brmlm tIn(aﬁduhm)aaumﬂﬂdl ng to

S Ko SSRGS Bl b B PR PGB B Bafheti i) 1 Moo
dephOEBhOWﬂs&fc@iﬂedD%Eﬁh&@%@ﬁr@lﬁﬁn\@Q@Iubﬂﬂcé@%aﬁ:ﬂsdcfdeﬁtwé&rﬂe&lgh&? g in

frame with a
system was based on the synthetase-dependent production of GFPuv, a varant of the

green fluorescent protein that has been optimized for expression in E. cefi (Crameri, A.,
Whitehomn, E.A., Tate, E. & Stemmer, W.P., Nature Bintechnol. 1996, 14, 315-319). This
fluorophore is amenable to use in FACS and fluorimetry, as well as visual inspection on
30 plates and in liquid culture. The system was designed such that synthetase-dependent
suppression of selector, e.g., amber nonsense codons would result in the production of a

fluorescence signal. In order to maximize the sensitivity of the reporter, it was made
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C-term nal hexa-hisfidine tag. All final constructs were confirnmed by DNA
sequenci ng. [349] Photo-activated crosslinking. Cross] inking refl tﬂlﬂgrﬁﬂi
were perforned in a 96 well mcrotitre date (Nuncsorb) using 100 gL =10
ng/pL § G (in 50 mM Nari 2Po4, 300 nM Na 1, 250rM i rni dazole) at 4 DC.

Sanpl es weMEOM¥EMIat ed at 365 urn using a 15 handhel d UV | 2EF/HSIIBME5 60 Hz,
0.2 A, Spectronics, NY, USA), for | minor 5 mn. Sanples were renoved from

the wells @l ] ' : i roduct s
by S PAGELS 0K S5 Blisfenoine ARBLAGoRlY (Rhin 5 REfe fof T3 KA oRlimendl O )
and pr obed whichwest dasiznbil &i duse expreponn il GEBIv (cPhaengene &) amadcyeto tleeondar y
nmouse anti goat HRP conjugate (Sigma). _Signal devel oped using Super 20
--si gnal I‘hﬁ’i’lﬁﬂm"ﬂgﬁg‘ PS %rlﬁ%’iréﬁ"s &Womm’cﬂ%"q{ A Y2¢Arer sham) .
Exanpl e 9: yRynt, [ f a | V4R _a¥y. spect,
the present | nvgﬁgi %ﬁbﬁ%&ﬂgﬁééﬁgﬁg?%%&%ﬁp@ﬁy gﬁ%ﬁ?g&e}g N;égﬂ fégﬂ'gvm in
For mul a5 | VP.A3KhipihINE., MEOEH..2Budah N1, Fong, .. Widtmey| 0., \Roended K. SATs0Ex( 0859. 3 V

PCT/ US02/ 12 t165 1353 ' 5 ormula IV illustrates the structure
of 3-acet yﬁ-ghé'ﬁ’f{“éfl- hﬂ%%gﬁ'gn@“% ﬁlMNﬁeﬁ?ﬁlﬁ%@W% E@%@WW%W%%H ne.
ut ' ned | g MR SEAAHE bRy LEdR) COMeE R AL PEAEALo e FRURREIESS 1o
met a- subst IRN1 adnscnipt foylantben zadva-moatginng T 7IRNdipobyracaet a- subst i tut ed benzyl
brom de, | i hen  react ] a. nmal on conpound to give the neta
Subs 41t ut L Cpeiiarion oF B 7 VA pRlmierheGlGREEY reRertpRvState ABreAngN 11 on
| nctudeg Dby PHeBoA pibdr! FREP OwadsER 10 5 Qféiﬁbcﬁéﬁﬂﬁﬁiggjaf'}%@ acetyls,

and the like,” A"speci I c eXanpl e Is provi elow. 10 13
( N+ br onosupolymenisd o primats unésrropatral ¢fabalakbionseopriotmiotay and ther GBPiogericaindsmage.

NBS (1 .S5 g, 10. | ded .t ol [ ) - et hyl t oph
54, %S st T oy (Seir st £rsbat hraes b7 Mtk oplmsaiey ARG
mol ) was addeshdie obAfmizd SyhitstRe-dih&de SRl thHAfe MRkt L 4

9}"?@&'68}?&
hours. The cohpletion of reaction was checked by TLC (8: 1/ hexanes. Et OAc).
Aft er aqueassrmbinkupREP e coagglaamidopRERI-12s Al vasantyemtzine dreXNdeesinuhs

dded ' lid. T lid fi.l d h ith h d
it Onc. LnaleeOnesemion po Suie ancey Bods A% Viina e dree Haneo ki F AdBon.
was col | echegiaRhd-3 ehirild 488, AP nitel Stop BRSHEbspectively, substiuied

(1- (3-brononet hyl - phenyl ) - ethanorre). Dry ethanol ) was added
dr opwi se t foptbnorgiealvasthehinmoatipesitiph @oe (R jdst gpwn@teadt df the leaderkequencgon

at nosphere,, After, the conmpletion of, addition, stirli r i to

i solve & NambE (b EraRRB R shibbr freoR bR forap BB D7, AF39, o, or

acet yl ar ni ¢psoBlegnatiocl9siRich wetd predibteddo be W ated ¥ JoRPR IO BEheIhubluRt €S,

1- ( 3- bronoet hy1 - phcnyl ) et hanone (21.1 39&96 g?; \]ﬁém)l) i'n dry ethanol was added
r B/,

dropw, 2@ ovsruzstmiihg: SisitzAF der EMRO hi 81-41 63} Wastintsvldk-h7 gbatained her
and vat er. . yas, A48 doail Sut A7l AN Gt ME il B S WRIA KT %o, &P,
respectively. Plasmid constructs were evaluated by flucrimeiry and flow cytometry of live
cells for fluorescence enhancement using a compatible plasmid containing the orthogonal
glutaminyl-tRNA synthetase and Glutamine tRNAcya from S, cerevisize. Plasmids
25  pREP{1-12) were found to pmvide.varying levels of synthetase-dependent fluorescence
enhancement, with the best construct, pREP(10} exhibiting 220-fold greater fluorescence
by fluorimelry (Figure 6c) and ~400-fold greater median flucrescence by cytometry
(Figure 6d) in cells containing the wild type synthetase versus an inactive mutant,
Substitution of a variety of functional groups at positions corresponding to the amber
30  codons within pREP(10) demenstrate that pesition 107 within T7 RNA polymerase is
highly permissive.
[293] Construction of a multipurpose reporter plasmid, In order 1o construct a
multipurpese plasmid to be used both for selecting and screening variants of a M.

Jannaschii TytRS, plasmid pREP{10) was combined with plasmid pYC-F17 (Wang, L,
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25 aqueous wor kup, the organic |ayers were conbi ned, washed with brine,
dried over Mgy 04 and filtered. The solvents were renoved in vacud 7 7%
Hexanes- di ehl oronet hane, 4:1, was added to the residue, and the insoluble
mat eri al VW9 0F0FP&t ed out and washed exhaustively with 10:BCTAIS02/12463

di chol onet hane-benzene to give diethyl 2-acetam do-2[3-acetyl-phcnyl) 1 04

19 OCT 20 2 | X%. et h € nmpound was
stirred wﬁﬁ%%ﬁgﬁéﬁ ﬁ%g@%é}ﬁi’§ﬁﬁgg%%¢1@%%%xqﬂg?%ag\%gl taken to
dryness, VWRERYEAEY GUAEguae Ub). tledtMﬁYmmMAas& ReAed foofunglioewithnal

corrpound rn- acetgl phenyl al ani ne hydrochloride. HPLC was used to puri fy the
desired cARYSIREDIEPIHIA SXREESIAE 2 Yadant 6f M. jermerehil By ReA@B Nlﬁ

ol ecui o Tadiik AlHebedch Wle sl pls Ssciflce 2ol 02 4%%0@%3%@'1'8#' T
synt heSi s ihcorparating 0- mm@mnﬁ}[mmwcnmmhmgmmcmammm the

nmeta positign of the berzyl bromde in that case is - OCli 3. See,
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synt hesi zed according to the schene set forth in Figure 13. A protected

tyrosi ne, Iﬁﬂ%urﬂdé?ﬁﬂ'-l%@leéfﬁ Fnoc protected 15 tyrosine, is reacted with ally)

b | t | h. i cal
depr o Bot 6200 Tt B e pSir Rt Betificnh SE B et o biIERIA 00 O3 121
yl)- L- tyrSQﬁthem( Refdts-Hke ah®keihanie 0hins atid eilleichaiBbinding podiet o e Aol ut i on

was chilled to 5 C_and NaFT q&o 639, . 26 mmol e) was added. The reaction
mi xtur e WaSTSEEEIRY compPREvRlped Sfbcuwlaﬁep%@mw&jchwc%ﬁwnwaﬂ thathour s,

After tha lr%i ture and

reaction \t/t\h/a%ﬁkm%anﬁmgé?@ ggg%ﬁﬁ%@éﬂ% %@??ﬁp%d&gﬁdgﬁmg‘g Stirred

for 4 hour&:enwﬂémvm 40RIE00; W angm Lk, Birmckh& &&hﬁllmm.ﬁfr.hearﬂms‘iacl ayer was

extrarci;éed W|th eth a@at a&ﬁc; and CH2C12. The or,ganic I_a)z;%fr was dr| ed over
a eragt

anhyd %S%M@rfﬁ%sﬂ’ﬁ? th@egw wmatugalaeming  Thi s
d f th .

sol vent WS z% %@g*ﬂ??%%**%"” atbo TR sty iz md A iceeptiaye 1%,

8 6°/<) IHrNR f(.lﬁ:ﬂ&ﬁ@)mesdp Ipcppmﬁy]ill?(hmymhh)ne (AIED, pmmmwr-heﬁyma(nme @2E), p5.3 (q,

22 1, obt al 'IPBE'EN@%“‘\WE FQW} ©5 ?ﬁilib&m"ggﬁggﬁ%33@%}%1%%&#[ r

2/ 1246 | 36
x2/ 12465 unnat&k%%ﬂbg&h h angﬁﬁﬁ%ﬁgrﬁgiﬁgm k”ﬁ , BIOND AR, fissel 3611

A variety o am no aC| I nt €r est, obf ai ned
comeoi atang 1462 I@s’asg.dr. thyh,uheHeﬂ:}ﬁhcb,rﬂ,aEzzthmm .64 &cﬂmm 2001, éﬂEa&l% J.
Shin, B,. Herberi P, Schultz, unpgblish d

|

resul ts, woPk "%“%5“?E H@HIE%FO %@PI‘haSblf‘g@%d‘I“M forshe parappsttion it "EJF%D%S Beovi des
a library Qf ipQRIEd fHio B QAniithiflS phEREAPREP/YC-TYCUA. These cells,

encompassing a ]ibrary diversity of ~10°, were used to begin four evolution experiments to
identify synthetase variants selective for pIF, pAF, pCF, or OAT (Figure 7c). Two cycles

25  of positive selection were carried oul by allowing the cell cultures to grow to saturation in
the presence of Cm and one of the four unnatural amino acids. Cell aliquots were
removed following the second cycle of positive selection and used to inoculate a new
culture containing no added amino acid or Cm, and the culture was again allowed to grow
to saturation, At this point, cells that fluoresce are likely to contain synthetase variants

30  that can accept one of the 20 patural amino acids. Approximately 10® cells from each line
were subjected to negative screening using FACS in order to eliminate natural amino acid-
accepting synthetase variants. The non-fluorescent cells were collected and amplified
through growth to saturation. These amplified cells were used to inoculate a new culture

for a final cycle of positive selection in liguid culture containing unnatural amino acid and
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the follow ng screen. Each am no acid wasscreened at 1 mMin glycerol
mnimal nedia for toxicity to cells, e.g., to DHLOB harboring DEWTY S
and pA YsupA38, Toxicities are sorted into five groups: (1) no i i
which no significant change in doubling tines occurs; (2) lowtoxicity, in
whi ch doubMth§/MB83és i ncrease by | ess than 10 about 10% ( seBGTARIT1246he

fol | owi ng conpounds in Figure 29 S63, S9, 574, S75, S81, $95); (3)

noder at e t about 50%
(seen int é{ fCFo ¥)m %mcorrpoun eadh%ﬁ’“@%ﬂ?‘?@ﬁﬁaﬁﬁﬁéﬂﬁm‘@ S 14, 2
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toxicity, in which douhling tunes increase by about 50%to about 100% (seen
in the fol wawﬁﬁéﬂﬁds fromFigure 29: 15 C, Q V,13B, S, S5, S50, 560,

S7 S 8 3, i [TE'S
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possi bl e uptake pat or toxic am no aci toxicity assays were

r epeat ed aﬁaats@ﬁeh@fﬂmr&(stmmmubdmn&nAM;hmdS@Ehally withelt esesipytaeddelded Wit h
an excess of a structural simlar natural am no acid. For toxic
am no aci dgjﬂgt"‘ffé""lﬁF’%@é%%%’ @et lagpdEue83)yr al  anino acid rescued the ability
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upt ake or ﬁmrcﬂbnx:ﬁmgctsaqlessahtmﬁmmamm th@ﬁIﬁesépaﬁmulmhm k@i ¢ ami no

i d h d | Kk hwa | hal _all el
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i denti fi edahﬁhé i@ cmggﬁaccﬁﬁ@d Win'nd mm%ﬂ%ze«%&m&mﬁef%uﬁm/ 12465

of the toxic unnatural” amno acids) span ten possible arni no acid uptake
groups. - a@xcaptumeqf twgladdttramlcsu&mtdunnswﬂnamd;dEdRM‘A symshdtasgr(pHeRSpr ol i ne,

gl ut am ne, rai thr eoE| ne,...and 03| ne. Theseﬁi} }té]hal al |l el es
are extrem‘é‘f’&f1 bis ‘:Lﬁc“f" ties 9 g‘ﬁﬁ'ﬁﬂ'e{‘%ﬂ Iqur?gumn fi‘fb {3a85g5s REBIESEENEBNt oxi ¢
unnat ural QeENiBLuAR f@lﬁmnﬁ@ﬁ&]l@%i éBIlsOfgfr&ﬂﬂ?ﬂ HJﬁtﬁh cAliYe N RrekeneS odiletteat 2

nmMV to nedia containing | C50 lNevel s each lTethal allele. Conplenentation
of the2lt oxolourahlued] @mineadiddrigen 8by. TheCm Eaxtoweridsteroineddty pating the cellows
that the.nontoxic amn

L. bly b h
upt ake pat &Y' ';Pﬁ%ff'gaggrﬁgqun hl?ﬁ)éﬂf?g? |atoae cgl%guh%@mia;' ‘%‘f }’dt e sane

conpl errentfpig@@gt i nconcl usive, 10 [3651 Using this nethod, the ability of
22 gl ut am ne. glutam c acid analogs to be taken uhp by DH10B' was
eval uat ed. [z&rr'huhmmlmnmmwmgammemwwﬂm pgmummamseaﬂm el es

Foxi ¢ of ubapRie mefodfoniof BRERUR S sshionfine okt DBt Sipde

conpl @%en jnakilQiusingelieplFRS, pAF-RS, or OMY-RS variant, respectwely, in eithr:r the
presence or absence of pIF, pAF, or QAT (Figure 8d). Protein yields were comparable for
all three variants, ranging from 1-2 milligrams of protein per liter of unnatural aming acid-
containing cell culture. In contrast, protein production was virtually undetectable in
cultures grown in the absence of unnatural amino acid. Proteins were analyzed by

30  electrospray mass spectrometry, giving masses of 18457.40 = 0.81 (18457.28 expected)

for the pIF-containing protein, 18430.30 = 0.27 (18430.21 expected) for the pAF-
containing protein, Activity measurements obtained using the Cm ICsq, fluorimetry, and
protein expression analyses correlated well, however the activity of the pIF-RS appears to

be somewhat underestimated by fluorimetry, As compared to other assays, the
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conpl ete agreenent and identified amno acids B, Z S6, S60, S61, and S62
(in additinn to 15 S 27 and S47) as being uptaken by cells po ssibly via the
gl utarnine uptake pathway S infilafly, conplementati on of SSOYilHdndli5% i ed
B, C K Xyv09:683728565, and S 94 as being uptaken into DH CRer@ssitby via
the glutau-& acid transport system [36C These findings indicate that the E
coli glutan ne and Iuﬁ)‘ﬁ c .acid transport_ pathways may tol exate
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of Anretina 9 2343- 2347 (1996) {]qd Vi ner, Furl ong, C E & Hep
L. A A bi rid rigatiyegelertion: of tetalet anihiee svads Taowéﬂlﬂ sakpnarha@fbﬂnfa@wd@é

t t 5-7
(167 )" ety ERhing N kodtiel to RIS ficlRh oF SRINRISE Ratdfs b 0 e
t he unnat uekttively acvepaddsited vandtomp aming widsniThesd f2Af)es dllow slngenes  relied

on in the pat hways | cadi ng,to chl oranpheni col and pri stinanyci n are opti
onal ; 1§ sXperimenfs iehesasmed optingipatipr G farss Nsieraringsysam aandeiehifces

A e L e B %@3&?12465

Streptorr rmmmﬁnm:hvﬂhal@ graae thepamAo ac:ﬂapa;lﬁq:wgpnf@he wnn;&(t‘zk Int. Appl. 2001,
Meiji Seika aj sha Jap and Blanc, V., et al
| dent i fi cﬁg?%" %Eesélﬁ'&‘l oye 5335@5‘%@0@%‘ S¥aIBSamPe 886¢1Respiral i s
encodin | t

g M ﬁv%IgFa FEI@ th@am& 4t %‘(’ﬁﬂagﬁ% @arﬁf]ts kl‘f]e‘bv%lhtg qf the threa

et hyl am no- nf ne precursor o ristinanycin
M cr ool 0@&%115&1:9&7:1&3&@&)& hepe arkbd dffedent [%R%Immﬂendapepmmrﬂ or

o 2 o ) Bt e S b S =
bi osynt hetgy %ﬁﬁ%@é&%@hﬁ% Bf b&n{nﬁ%ﬁﬂ&@ﬁ?ﬁ AUtkerpt e@Fﬁﬂ% lsgsl Eﬁeﬂﬁé letheTO

synt hesi ze om chori sna a cell typically use | smat e
synt hase, sgmhbms& sarEng nasiltisg{rom &mhdﬁigytbrﬁjg'@hmmalyas geveal thatahddmee e

dehydr o en amnotra fera For exa ing.the S
Venszuel adidlss FrRetBiR popuh e i neuR YO rEPInG A P Gy evels
arri| @gt r YriuBlAsEce $n the- prescﬁc@ SIONT, bt ﬁ%f@]ﬂ%ﬁr I:-Eéi@%urﬁ 1Py mehori smat e

i s use produce pAF. [ 369] For exanpl e, 4-am no-4-deoxychori smate
synt hase’ cabmc vf thehonitersd hminwacid.1 Tha ﬂunmamncd ehancéraentSor cellagraw aothpound
3 in Figure 15, Panel

B . 0. . | ut I
Sdi 11 oo SRR OR Pomsenbr et ana Bt toidis dhatet arul st g, ™ ©
chor | Stat ellyEAnessARDRTARNG AL Sblndh A6 B8ing B3AF6 TR leXprodh uﬁed to

convert 4-am no-4-deoxychorismc acid to 4-am no-4-deoxypr epﬁenl c acid
( corrpound GATIRS flogeidestved, frama pesiti B/ negative helectionpusing huopdsen Withpyghiitiig neici d

(2OmPOUnS ek IRV im0 Pl B b b g P
gnmdngghegﬁniﬁﬂérwﬂim@jfﬁmrh thayAffiowSeiere Qnﬂgﬁncﬁﬁpﬁh@édnﬁﬁ'a@mﬁﬂ@ﬁ%ﬂﬁ' nonel | a,
variants that are promiscuous towards natural amino acid substrates. However, the
fluorescence enhancement for cells grown in the presence versus the absence of an
unnatural amino acid is expected to represent a lower limit for the fidelity of unnatural
30  amino acid incorporation, as competition of unnatural amine acids for being bound by an
evolved synthetase variant would reduce binding of natural amino acids. Moreover,
although high fidelity is clearly desirable, there is likely to be & trade-off between fidelity

and overall synthetase activity, which may depend on the desired application.

B8



F.C. Neidhardt. Vol. 1. 1996, Washington, D. C.: AM Press. For exanple, tyrD,
asps, or ilvEis optionally used to produce pAF fronp-arninophenyl-pyruvic
acid. [370] Figure 13 illustrates a plasmd for use in the bi osyBtliddhl of
pAF. The plasm d 25 depicted conprises S. Ver zuel e-geni es papA, papa, and
papC cl one®¢MH3¥3p 101 derived pLASC plasnid, e.g., undePCEBBIYDMED! the
|l ac or ]pp prom)tor The plasmid is wused to transforma cell, e. g a
bacteri al e es.
VWhen expr egs?gd G%ﬂ niz]gf;rae@ﬁtdaatc %&gm&gfasﬁgﬁﬂﬁégcﬁcgﬁ@ﬂ&% | gnedtht%%1
produce a plesmte&khamdahummateahmrthc anmmha-:mdgdr; clpedi- binkarg pockendfehe Jit ot ei ns

PapA, PapB. and conve mate t o p-am nophenyl - pyruyvi c acid,
while an E"“”E‘Eﬁ“a f%ﬁg’c"l%‘"ﬂﬂﬁ&]ﬁ@? ?5?3"%’%“ I%P]é(pdf%%mﬁwqﬁ?em s to

af ford pAF,,ik biky l@ﬁ:ﬁ A of & ml t he
present i nvent g%@%ﬁﬁc}t m&#l%%c{?% glrslsclgén% rat F{)ﬁﬂ@ ot ecragg?ns?lghg'm ds
producesd i high hde:ma.hiy In tlyis appiidation &rvessalemonstang dithabarizgmetcgpibe ahhlycd)rcod uced

from chonsnat e. ically, .p-arai noé{i Pyl alanine | s 108 WD 021085

produced i P rﬁnraa@msﬂswwlc? bl pier @pwmabmaﬁs‘ma@arm&hegm eS| s,

e. , an r?énn llééhql{fh@mg,g{?ré but not to such a degree as to affect t he
concentratlon of t arormati ¢ am no acids or exhaust cellul ar

resour ces. {JWpi Ehalsnﬁd) mmmelimmnBlami'udqﬂEEP i gate callwancotiswacted by isertivarufer
are about 10 Hgi“ ﬁiout Or%?% In S. Venezuei Hﬁ evi dence suggests that
the regul ab PEREGPERL o¥eI 4Pt R T3 gimeiiRPradnAS Bier T eB NP ¥mIgTASE £5T5rupstream

ro. . 0o fivHB o ichiSp It -0, SIah T WS A PR BER P«

t r ansf or meftagrith1 chirainmpdmiadaC (gemmmdsamgammetegmg&m finsva dh pBﬁDﬁ‘Hyc—Eh:eAzyrres
used in the above pat hway, and pAF as a t no aci
gener at ed, PR§mig ¢ %“%%}{‘?TJ%SWFE“’BB&@BHS '\iﬁﬂ'&h ﬁ‘g F‘F’G’l‘?"ﬁ%‘iﬂ EEDF cﬁ‘i‘f‘ilthﬁ ze the
pr oduct i ong ﬁ»upgf toRET upliRAROFthe 772 Iﬂatémgiaﬁ%a YAk otmerh.

Fyt a G codon

(372] Since - synt et ase palr a ression o
in a nonegmﬁmmr}ibstpmsn thco&ﬁ:ﬂ*ﬁmn}ﬂrsubeof'plahnmwfﬁﬁﬁl?tﬂﬁm Ev:@lynéﬂﬁ:dahsﬂveness

ool o ol T e Pl Rt e e &8 Py pemuacomalt sl RemeBi i ™
bi osynt heskﬁﬂﬁgﬁl@}aﬁe M’:h%bEHﬁl?PéRt mEﬁtslc%nfa@;qﬁg ambbr G NR tﬁé Plsudie can

sel ect for product’ on on E. coli growth rates
TAG pr ot ei dusmshah IﬁmdtplEPfE Eel‘éﬂ?ﬁﬁimﬂscmhhtrm@i/hﬂmgdﬁoamf iag AfdiSacll

modi 11 ed. . Esghontigpm BRERCICRGS P il ey saelhBrertrnu BRSOl ShvsAghn, To

det erm ne B{‘acichﬂ HidhdricABO& RhuRAP.G], %@%HE&”‘Q@BF mtmam)f 6i€ Ussifele

producti on of ot Rer aronmatic am no acids in E. coli, .and to quantltte
PAF pr2iductdmsinicttwes idaitifigddollowing dmnsfatthatiom iofo ctaﬂecmna'tg pdmrmlrpﬁl acids is

opti onal 1. Y. nmenit o ., by extraction and LCM5 anal ysis. See, e.g.,
Mbss, “IEEIUHI&F@HE'“PWS%H‘EQM ogy, 1995, 262: p. 497-499 and Mmura, li.,

S. Nagata af By mm?mtca tRcRAGy. trifleQi Rfibn ofh AGNRSaA odSfp it 10) - p.
1873-1874 a]rjrp easl : |osyn1'€5h gl S gf f:nag% 0373] To blﬂosynt hetically

pr oduce dof:grgmmtwm@i'mmféwerRﬁr@nghe@n Ué;hf:dat; pﬂmpaZ&r(reglﬁmanéuPMBnﬁm fic
aromatlc hdr X fromE. ntoal unmber
vector, e. EO Xiﬁ%‘“ﬂ'&ﬁﬁagﬁ‘f fREem: @‘H DYV%P%W‘%'PQ@ Cém %oﬂt rol of
an | pp2s pr &'?@J;ﬂ&s RMASCTANS ﬂwuisu@m@w:pg%&tab refelcAnanidWipegtanecfdn , i n -
vivo, as shown in Figure
rraC termination region, and the Aval/Aatll fragment of pBR322 (New England Biolabs).
Plasmid pQD was constructed by replacement of p(Q fragment between BamHI and 8gil
with a BemHU/Bg! fragment of the ScQRS (D291A) mutant,
[303] Plasmid pBAD/TYAMB-4TAG was constructed by insertion of a PCR {fragment of
30  the S4Amber mutant of myoglobin, containing a C-tenminal 6His-tag, into the pBAD/YC-
IYCUA plasmid, a hybrid of plasmid pYC-J17 (Wang, L, Brock, A., Herberich, B. &
Schultz, P.G., Science, 2001, 292, 498.50{) and pBAD/Myc-His A (Invitrogen) containing
the gene for MiYtRNAcua, and the pBAD promoter and cloning regions for heterologous

expression of an inserted gene.
89



20 while not being toxic to the growing cells, Simlar work was done with
this gene to 30 overproduce dopy for purification purposes. Seq 0 #0005 Jan
g- Young Lee, Luying Xun, Biotechnology Letters, 1998, 20, 479-482. However,
as descri bwd efiaser3 over production is not typically desi redCT,lUguym;;gs
application, a | ow copy pi as md is used to produce dopa in a natural

|1 ul 10 2001 0 8592 le 14: Bi t. hesi f
e D b b B R St e SR L o0t 1
produced bjjasat l:t%&m@altmﬂamm@znm GIRVIDALIASSbRERSAP IR kBpRAAYAES [ nvol ved

I n secondary netabolism which converts a hydroxyl group a met hoxyl
group, Tvvcﬂrﬂubmme,r{kw Anghinossehnetareppréprsatd enrgesrabimibo acidy dtdeyiked. ansf er ase

| EMT f d_0- et hyl transf Both of th f
G arki a br ﬂﬁ}ﬁ*?f@@%f%%%ﬁgnéa BT g R or Rl oo
caffei g achg. tPhE&mafeuﬁlﬁér@d ?.ﬁiﬁi g EEES&H UShcBRFAITRS wArSarsdl Heidy ﬁ:é(ﬂd&sdt”e

However, bot enzynes have bstrate specificity and thylation
regi os peci G0 ynd ﬂihmesimcelavals vooeimecaatred aiei05app vokoixcitatiayva 306 nhhmnag t wo

enzymes was_ado o t.hat they woul d, tak 0 t rosjne, as their! bstrate
and conver%ﬂf‘wjgé “HFB*“@IwE:Fﬁ s §yspendegdip, E\@P?‘Vﬂ‘f%‘é‘“f"i"‘é@mu 3 were

sel ected f %“19& R &y ter

sever al r%]nl%!gtﬂ% bgtgmg%fi?yoﬁﬂhg egﬁéﬁ%aodgt : ree wF ave ggnené?f:c dentified.

1375] In mm(iéhﬂmhepmt&rqn,lastrhd umazganﬂ'snm:bnhtd ® ppred dliseppfsset i ns| whichr osi ne
be art|f|C| ved, , to produce a neta substituted

|
(r:rg?hgx'@ ph‘@?f?lsﬁlf’s&ﬂp% X&%’%{JB%% alls-Formula 111, Exanpl e | S:
Rt osynt hesﬂBﬁSPfE%MﬁQﬁlﬂhﬁﬁ%dac?g.’%lﬂsf}e ngeéﬁa%wn Hafw dﬁﬁﬁ}&m ion also

provi des biosynt hetic net uction ycosyl a am no
aci ds. Forvarngtsghndeaspdcadtegsitionn ¥ 3ACEHY, [X158) M69,) andd btz dfédrigy L., Bmtlcpﬁrred in

Conpr 1 o1 noPerPERtTe Br 8 SRR Ghy 1 GF s A0 %@ﬁ%&bﬁé%“ﬁaﬁ%%p%agy?aiﬁ or
a_hydral asgyp8- EQmI:EHH ql@re%xﬁﬁaxgmgmmhﬁﬁ ﬂgo EEheHﬂE reverse

direction, provides a ce uces a %chos ate o actd. Wen
conbi néd vhhrhryawm:h a:i&ieasnnymﬁ ~49% fTemsémm&ptsowrdaﬂuwedi m\:ecmmm)ﬂﬁﬂamelﬂmm c

pathway resulfs.in t hat produces and,i rat | ycosyl at ed
D ot dfor K Bib AL ﬁﬁ&ﬂﬁr&fgwﬁe S EAHPR i . B PegRAmIIEA! s ce,

e.g., 25 FﬁtﬂHﬁ@ s@Retidd, bqﬁl,'bﬂlbﬁggﬁﬁﬁlﬁlrf: %cﬂ@ﬁeﬂ%ﬂd?ésugpeﬂhé( QYE (G %%ﬁﬁhﬂo acid,

wherein RYis optionall'y an alco anm ne m ne
exanpl e stwamctsed ¢o inscelhed80iml. B GRIVE. dovitaidih® 28@ Rl 0R5@2 geling (T63,735

R TP N S
devel opi ngJ?aCCQEp\L-'% £id6d 30k ANANTYEentration of 75 pg/ml and cells were grown to
sdluratmn {~48 hr). For lhe second positive selecticn, a 100-mL GMML culture containing
Tet, Kn, 75 pg/mL Cm, and 1 mM pIF, pAF, pCFE, or QAY was inoculated with cells from
the initial positive selection (500 uL) and grown {0 saturation at 37°C (~24-36 hr). In

preparation for negative screening, a 25-mL GMMIL. culture containing Tet, Kn, and

25  0.02% arabinose (Ara) was inoculated with ceils from the second pasitive selection (100
i L, pelleted and resuspended in GMML) and grown to saturation at 37°C (~24 hr). Ara-
induced cells grown in the absence of unnatural amino acids (1 mL) were pelleted and
resuspended in 3 mL of phosphate-buffered saline (PBS). Cells were sorted for lack of
expression of GFPuv using a BDIS FACVantage TSOC cell sorter with a Cohetent

30  Enterprise ITion Jaser with excitation at 351 nm and emissions detected using a 575/25 nm
bandpass filter. Collected cells were diluted in at least 10 volumes of LB, containing Tet
and K, and grown to saturation. To begin the third round of positive selection, 100 uL of
cells from the negative screen were pelleted, resuspended in GMML, and used to incculate

25 mL of GMML containing Tet, Kn, and 1 mM pIF, pAF, pCF, or OAY. After
o



5 bacteriumthat can biosynthesize a unnatural am no acid from basic carbon
sources and incorporate this amno acid into proteins, e.g., in response to
a nonsense codon in DNA, with high translational efficiency andl 9 el y,

t he questi %52’?@ ns whet her such additions actually provide an advant age
to the bactef Ut over an organi smthat incorporates only thECTHRERIAhat ur al
am no acids. The present invention provides a nethod of determning if an 10
expanded gmnetation Eordehpat 37POCmawar adedtcadfimal cagenastioveb] 7hpa gindenitd fallsng t he
type of advantage and the unnatural amno acid to which it is due. [379]

. { . |
Si nce the YORHRRERILFMBYE rtdinh Giolpeingdhethiddositiveselsstiay il v plated

See. o g | ONRAPAREESRn AR S ERE 0 @ KEED . W08 OAT (O] B0 GOREML O
all forns pifff, pAB) pCF,am OVRY carldegowr forod Bkt st 37t h twenty amino acid

organi sis. ~_The Er esent invention addresses the ‘easi bility of . expanding the
geneti @ codlthi Expression agf characierizatign of ynpgtural smingacidycgptyiping Rrolds  of

testing i | i ifhi 1.NQ. acCi i des
£ cor T wi P igg {effinsiiel QIR ANRARAG sATRe AR IAER SR
addi ti on ofverraxed todAbddatd @ilde-hh GNBIgameiricol toedentaning B A0doPdtdehial was

evol utionary advantage to E. cols. the evolution of .a twenty-one am no acid

bact eria i EOBBtIP sHE 19“0%#8@1‘%“@3”%%‘?%?“840%@& Wrﬂfﬁa_ pdt Eﬁféheﬂda. The
appr 0ach - #aWOLAGABN:A Shiindfeil [ANBhE L ANAbTBERWR 3 FRor AEQLRG! al i N of
unnatural amno acids 1nto proteins wWith a nutageni Zed E.~coil génomc

| i braro pl adeek amdgowaed eatuavion P+ Eslair@dtures Mngre geldatd, aonaledciridahe appr oach

descri bed above and e] sewhere by Schultz and c \m)r(lé_ers 25 has, thus far,
produced afypElagip P&‘b‘ﬁ@t”@ﬁ@@@ﬁ“%@%ﬂé‘mh@&%‘wﬂ@g G gisgXpEeseinmist (agen)

i ncor por atg:.n - am Cig. L r ' e ' Welg

fdel |ty 1 Bl Bl AR I Rl el b RPo Bt gao SR caty B4 St bsitiony o

[ 381] Mut aSBbBipalyagrytanpidegel ahdlbytaatysby tives fpecoomktrgenome scranbl es codons
and randomy adds TAG nonsense codons throughout the genorne. The new TAG
codons can be suppres hy the i pcorporation gf ew amno agids into the
expressed protei n~ARHHE st B g pmons 21 aming acibacteriy i
pressures to _sel ect for enhanced E 5 growh. See, e.g., Figure 21. The
sel ect Bd g¥3kr AP deseribephabave. the SaMmNS tWeRy MTing Beids argrmoagervethaciasalit age ar e

optionally,[sol ated and ned_for r.owt h.abiil i {. e

i ncor por at Plhﬂé“} %@%?%grﬂﬁ?ﬁgﬁuﬁg xp&ﬂ?ﬁ#@?ﬁ%&%ﬁ%%ﬁ@ ﬂnaéé 1¥h¥$'é£bﬁ§ﬁ§%d to
TAG codonsfuncfi@Bly, ArxurkQbidrination ¥nd gRllike. ettt Ritiehe epp@gédel |) is
optionally used to construct a large insert (7-14 kb) E. coil genomc

library bygesetferdcds adtansusonnigirtelloc. 2o ithaardgulanqmpturg] anyao aeid, anFor
B . . . . |
exanp! € a?lﬁ(%-)!ﬁ:re %Emﬁ&%%hﬁ%g%c m%%FosrgS%E'tﬁ? Fﬂg}afeﬁﬁr%{ %{rﬂﬂ{a%éid’&%m%f’e@? ete

coverage o . col enorfe and 1S a conpa am noacyl
synt heis eis dasiehbldA Phepprasent eesteacirobides albea aufdabions tegrponb aendtd
studied for there ability to incorporate TAG codons_into genes. See, e.g.,

M Il er, |.ocngemsm, angdhe fesuiigpand sxigped &t thaprosglien eEaddigeral aping #idj ew.  Col d

Spring Har . t . . i F.Qu i re

oot onal |y REEREY £ P LSRR ork it WO 1B, ABRARRE S RRIAGMBLE

formati oln Eﬁctﬂﬁﬁﬁ, ﬂﬁﬁ@ﬁlﬂ&ﬁmﬁﬁiwmmMQrcﬂhﬁ) thebilip € neiiasizel nemoiuhilnc-
genomc library wt our different nmutagens TAG cottons are typically
placed i n #d Ffawlmslet%?q%?wggi(ﬁ}@arrr&geﬂcsﬁaﬂﬁfﬁaw hetwaely pEPasdishue ar e
not 113§ t eghy} mindheld LRMHALhON and(iii) a tRNA that is acylated by that synthetase and no

other, and which delivers the amino acid into proteins in response to a ¢codon that does not
1

w ek ol i Bl

encode any other amino acid,

[308) A great deal of effort has been made toward in vivo incorporation of new amino

acids to the genetic code but most of these do not kave the incorporation specificity to
30  generate a healthy 21 amino acid bacterium. See, e.g., Hest, J.C.M.v., K.L. Kiick, and

D.A. Timell, J. Am. Chem. Soc., 2000, 122: p.1282; Hamano-Takaky, F,, et al., J.Biol.

Chem,, 2000. 275: p, 40324; and Budisa, N., et al., FASEEB J,, 1998. 13: p. 41-51.

However, it has recently been shown that that one could add new components to the
21



mutator strain (XU red), 4-nitro-quinoline-Il-oxide (NQ), and ethyl nethane
sulfonate 20 ..(E) to nutate the genomc library, and conbine t ke
31 B

one large nutated genomic lib! . es of 10 10 nenbers. These mnut hods
all rely ptigsbgsksezon form ng point nutation but conpl enent Pﬁ?ﬁ:!%uﬂiﬂ% in
t he nechani sm of nutagenesis resulting over a) | in a nore even

di stribution of, TAG codons._UV irradiation_and the rnutator strain generate

al | base swanstationalimadingry piENot and §itewpegiically ipearporate casiety of paw aping T

transitiong; t : [ At af i ner. o) Sel; code for
one of t@4%’\{@%%@{%&;3&5{&93%%mg{lg{;ﬂa@gﬁcg&%tﬁf@, %%ﬁ%]tﬁl%%@d 'gélgt?%é single
poi nt  nut a200an292: pn493-60dnual Watg dodmd B.Gr §ehubizgThym nOémes 2002, padaseeE,
libraries are needed. This nethod typically generates a |east about 106

nut at ed coBte§odiedppntgepkcalipan e Gommostiops fr the Brpdgetirmel  The

genom G | i [ ]| Eﬁﬂill ) ko o ' tion by
sequengi ng@é s%qtl)]lisﬂzl#ﬁo‘srq{l rary ér%sr?bqiehrﬁg b f%ﬁ@%ﬁ@la%}“?ﬁ@%%@??’%? [ 383]
To det er m 540001300 flehAagrindYOChe | nproved by incorporation of one of the

new am no_acids any of a variety of selective pressures are optionally used
for screerdSAY tFhapresent fuentpn conghinesrthe ebovs taghnsiayowiyh a bipsynpeticpatiweay i ons,

R N R e I A

met abol i ¢ "FUNRCt or “eXarnple : 23 PCTI
- SO2/ 1246 prhasethventisitdddedsenabe fSestsRdf Whether dfh dr@RMinePhA@asen Bd DNA
gyrase. 5-fluorouracil is used to target DNA synthesis; oneprazole is used

to tarlfet gypbiedie paveoan sHefwioparradvaniage aver opganisms habuse dastwpatnaletab car bon
source an ﬁ%{;%ﬁsmdi a.are used to target a variety of genes related to
utilization of "carbon and response; and a reductive nedia is used to target

the 5 thi q310Edexondidwiau@nemdis Bad:ltcfrhdﬁ?t)@mﬂclgicﬂh@gisw@bﬁkﬁﬁhmﬁ%thﬁ}g- :
Bronson, J.J. and J.F. Barrett, Corr. Med. Chemstry, 2001 8: p. 1775-1793;
Bear den, [BY§teraAd.(forprogaging anpnnatppbamiieseid, apd p jranslaiinmsysiemplor p.

2245- 2325;. .. i .
937- 948; KH%@',E’E’%ﬁ@ ‘%n%dﬁﬁ?“@taﬂg’%"r ?%“,1 "Krly%hf’ ¢ %?%%‘i“ﬁ‘?&“fBﬁéﬁﬁ“%‘e*a?Pﬁ p. 55
7-  60;15M Geamglatiofs Btem Typicall§avaipriseth dhihoaBll agethetalhnedmqraty olibeg thit07(5) :

p. 10 1573-S; Cdark, O_.P. and J.E. Cronan, Two carbon conpounds and fatty
aci ds as cawpw a5ype edd andse pEer.and ¢ RN thabis asilatad by that Syothstasa aed no

L5 B IR oSy R T, 0

press; Sl onczewski p nes and survi val

at extr emaghpidoekachaicbde o dtharhifaboidn &h bae ebbdikint, aARdbiosstietidlpathwaiyol ogy,
ed. F.C. Neidhardt. Vaol. 1. 1996, Washington. D. C. : ASM press; .and 15 Ritz,
D. and J. SBBERLBGRS. aRpRGACYFRRthetase gphes and LROPA genps arg typically gosifiged onrhe

scree@hng-s?&%‘r%gg%%ragQqagﬁw%ghjopé%gnw Pk iSet of mutated genotnic

fragnments vantage undéer a cerfain selection pressure.

These fr-4@rEntia cheexsaplathe dnhoudehmin med,ipfarinephandaliiee gaum, fsound in
screens with ng _unpatural am no acid present by restriction mappi ng and
sequenci ndiowptgHenbxsPeRged and incomaaied M0 GFURNE Ub RN an 8AFdH LY ?I@ﬁ\?an

unnat ural @aping a?%itﬂnﬁﬁl'aﬁ’ﬁﬁﬁ cidfoi agra%&[ﬁ%%uéeaz QP RBRbY ¥s fiReRSiigened by

conparing growth rate wth each unnatural amno dci®d and tyrosine
suppr essi phykibsl ptégeriesen., nSdmating gifectt; lgdesred bonding proredaseend wgalof
sel ected genom c fragpents insures that the unnatural amno acid is_the
fact o3 n BEBIRREI1S 1AgK & ORCH AN E crfa AR e Tagtdhatit s grkoqp sependapnmgiahotite.
sel ective &, AVRRESEE 1Whd € AL prrdubARAL RO AGE SheDhd itk AR €d
into TACT Dg%%\gﬂr’\s,’ t t‘% gene( é\% t hat Fcon @r S tﬁ\ﬁ Savant ageblgns op‘ﬂ{aiﬁ%ngﬁ y
i sol at ed gmodictienf thledynphegico! dml mhisgesmivcn hansbsanlidtmifiedgn STHapromyces

Venezuelae and Strepromyces pristinaespiralis, respectively. See, e.g., Yanai, K. and e,

al., Streptomyces veneguelae genes papA , papB, papC, in PCT Int. Appl. 2001, Meiji

30  Seika Kaisha Ltd.: Japan. p. 1-83; and Blanc, V., et al,, Jdentification and analysis of
genes from Streptomyces pristinaespiralis encoding enzymes involved in the biosynthesis
af the 4-dimethylamino-L-phenylalanine precursor of pristinamycin I. Molecular

Microbiology, 1997. 23(2): p. 191-202. As discussed above, pAF is optionally
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protein can be studied to identify how the unnatural am no acid is enhancing
cellular function. The enhanced protein is optionally purified and conpared
to a natural protein wth both in vitro and in vivo studies. Stiandar dg
enzyne techni gues_are optionally used to 30 study protein stability,
kinetics, and ®&%hteraction with other biosynthetic pat hweBCTEBHEf2HSNt S.
113 1 9 0 C?1 A5 WO 07J0S5923 xarrwl e 17: Sequences PCT/U Q2/J 2465 :
SequeaceNolsgsh el FSEERFoln SRR (AT AAEEA AN STROSARTLI Lt
ATCOCCAT 7raM T"CM _j anr UuChjsp N A AAAT CCE 3ACCATr M RNA Cu.

2 CCCAGGGT AGIIEA RGN CAH TS ARCHESAVEINCIRCEN 2 s TR0 PApT30gatviiA

OTAGGAGITC . 3 T AT T T CCAopr.im.2e, .agber essor. t
SCCseACeaT R S A R P B - Oy R E e A 458 APy
opti m zedt iR Wﬁ%ﬁ%&ﬁ@g@l&%%ﬁ@%ﬁf ARimhkdt su
essor t RNA 4A=ACGHATTTGAAATGATAAAGAGAAA TCTGAAATTAT , CC3Ad AAC AG

mut ant 5 TRIRS:rampinplaxcadeTrseiaAkebizsgnthesis of QARITGAGNT ACHHITET BABERQALS (]

JI 6} ' CGT a : TTAC Ti. 1 ATCTCCAAAT ) JCGATTGATTT. AT
SO o o AT Gty
CCAGAGTTG: Ahbehe thd ds ] AEREA T Ay the conversion of chorismate to pAF.
ATCGCGT" r AAAGCCXL" TATMA TATGOMMC r: " r CCAGCTTGATAAGGATT#T

ACACT GAAT GTEIAT AT et Termpdifiad GF produce AnumantaCoinGARGEAGT PAF, O-methyl-

ST O ST AT TR AT bl ity
XAGAGARAA T i M &é%%ﬁ%ﬁﬂtﬁ%‘y%ﬁ%ﬁ%%ﬁn@(ﬁa hinAatirhCAEMNERfCTCL
TTAACH G f'T P 43GAR. M CAAGATC3AGTITCTTC . AAA G CC AATTTTRTAMIG

- Er aAr GACH '1B700AGARCrDERGaNn Higngull\ Thedtrenslatiotansian T gpicall ppeviled to

TGGAGTI T6 TTGAAGGAAATC C ALKTAA G A 1 AG AC. .. .
oo VAR A ke RlbART g&i%ﬁ{‘ ﬁ&é‘ﬂ%&lﬁég@ﬁﬁ%f@&“@m the
rr AGTAGCH " AldatfiaGe fAafehipiakten] 49 thislalRAVY IR c SN SVEKN TidefOn{of the

plasmids in the cell, e.g., regarding the number of copies, promoters, etc,

15 [313] The translation machinery typically comprises an orthogonal tENAfRS pair, e.g.,
as provided by co-filed patent application “Methods and Compesitions for the Production
of Qrthogonal tRNA-tRNA Synthetase Pairs,” by Schultz et al. {Attorney Docket Number
54-000130), filed April 19, 2002. For example, an orthogonal tRINA/RS pair for pAF is
optionally progenerated using a Methanococcus jannaschii tyrosyl-tRNA synthetase

20 “(TyrRS) and mutant tyrosine amber suppressor t(RNA (mIRNATY, ) pair as a starting

" point. See, &.5., Wang, L., et al., A new functional suppressor tRNA/aminoacyl-tRNA
synthetase pair for the in vivo incorporation of unnatural amino acids into proteins. J. Am.
Chem. Soc., 2000 122: p. 5010-5011; and Wang, L. and P.G. Schultz, Chem. and Bial.,
2001, 8:883. .

25 [314] For example, a pAF specific synthetase (pAFRS) is optionally generated by
modifying the amine acid specificity of the M. jannaschii TyrRS to accept pAF and not
any of the common twenty amine acids. See, e.g., Wang, L., et al., Expanding the genetic
code of Escherichia coli. Science, 2001, 292: p. 498-500; Wang, L. and P.G. Schultz,
Expanding the Genetic Code. Chem. Comm., 2002: 1:1-10; and Wang, L., A. Brock, and

30 P.G. Schultz, Adding IL-3-(2-naphthyl)alanine to the penetic code of E. coli. J. Am. Chem.
Soc., 2002. 124: p. 1836. A combination of positive selections and negative screens are
optionally used to identify a pAFrs enzyme from a library of TyrRS vanants containing
random amino acids at five positions, e.g., Tyr32, Glul07, Asp158, Nei59%, and Leul62.
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GATTTAAAAAATGC T' GTAGCTC- AAGAACTTATAA Af* A7TT' r RGAGCCAATTAGAAAG ACATTATAA
ATGG G, AAT' TTGAAA GATAAAGAGAAACACATCTGAAATTATCAGCCAG AAGAGD- Pr 4@?2@ i
TTAAGAGACTG TWKK AAAAAGATGAAAAA' TC' PGCTGC, " TRCGTT" Y" f GAACCAAGT G A
CAT=ACaG CWATIRABSTBC C AA ATAAA AAAG ATGATIr G ATT TRC A AAARCTIUSDZ/ 12465
GCTGGATT" | ' CATATAATTATATTGZTCGCTGAT' LTACACGCCTAr r TAAA AGW

GGHGAGTTOGATCNVATL' - AGHAAAA', PA AT ATCH 3C, .

T AAGUCAAMATI R AT GRRIS TCRPITALY BACP T BAT AR RTeening o.2., 3
ACACT GAAT Qles 6riMsBASOBHIE dpatént ppiiedtiot PR o8N ook frioks ARG Production of
ATGCs AA=ATACAACU NMC?A%C;_\T 7 GGTTCCTGAAGI TATCTATCCAA TAATGCAC, f

' PAATt 3G 1HWATGATE. RISATS e aset Bairs Cbyyi SehbltOstGAGACwToRY Docket Number

AGCAGA TA T PTAC TA . \ ;
T CACARCOr RS, R AT i R ks RSy sSlop iapsis typioplly Basesl g suppression
QU AT TETATAGE Ry i P AR EMSAGATTARE STl NTAMTHAAG rforase
CIAT#HC TONCAGCTr" 3AOTTGT' T' GAA, 'GAAATC #ATA#TGGA{ 3#TAC3C JA

TCCTTCAATATRONTEEAACCRE éAg , WaDg AV AAEXPE{dirGRBGAGKTIEadAGS Escherichia coli.
TTAATAGCTAT GA GAOTTTA. 1T 1TXKA TT " '
ATTTWM%%@&%%ﬁWA%§$% A new
ATCGACC, A%w ATrRAOCROTRHAGACRTITMA @e@gg% (1° 2
TTAAGAAAGGITT AAAEAAAGATCAAAAA‘ T CF =ACAT HC_%ETT Q%C&%#GT %@%%AT' 1
AGGGCATTATETICT} expanAGhTe AT TRNT Hehwinh/ChaaradsTd, TOAT AT A T2ATAER. | by either

TOGCTGATTTAGACGOC i AT1 1' AAACCA GAGPTCGHT! TAG,
4TA{, SRea ,E“KRIQSS&FRP?%W’HQ NErenami WM%%‘“T ATU G
#AG ' T %‘"laﬁﬁ?ﬁ@k'l‘?\m AT ehn tiihid mﬁiﬁﬁlﬁﬁﬁlgﬁgﬁdrﬂﬂm, in
GTA GAeCAA AAC. GAP T ATGGAACTTXTAGAAGAAAGGLK TGXK AACAA

[ aTTC- CTGAACTRARIRY: DA TG e IAikobEGE) T RITHgaE GTCATT b 4sTNTEOTPTRSIn of two

M meWﬁW&%%m 1iS s“w‘-la;pfm:;si ilﬂgﬂr?t%ﬁé mm;«memse gene drives the

- TACCAJ

TTCACAA. CllahyrdaliGh et Grdeh n el in th
GGAATT =ATA. CTr VAT CTCTCC#GAAG%GATT?%%OAAAG C. ﬁA%DI'ECTBICCEA
GAGL' TIGT' dherureai pATCOARTIA T CLABATAHOLTAIRAST, SIDOISITEFROM@EESE activated cell

TTAACCATAAL EW CATTTGACAQ TTAATAGCT' ATGA+GGAC

AGAGAGTI ' r'f°: o GC3

A=ARA. A#] K318 Bllasdr + Tk kP dTakmld AR JFRTORL chaifis GTTA
ATGGACCI AATTTCAA#TGATAAAGAGAAACAI !ATGTgAAi rrATCAC%kOGAAQM(QJ NH3_ RS(2) RS
TTAAGAGAGGETES fof AN ASKRISATp oA ei T FICEAC T RINCCIGT A SEAMDANCIr B TAdo
ATACATTTACGGCAT' PATCPCCAAATAAAAAI k GATGATMATTTACAAAAT

GCTCC, ATTTTATATMATeATATRGURGIsRGAT rETAQATBOCAATIRAASOGAGAPAGRAGN GTT 3ATCI A
L TTA AATACGACATT# P, # . . .

AT T 'SK BN APAHERP HAT TR LA R R AP TSRS BP 1R A TTIe - 2piRp AEid

AAT GT CPATAGAh{Ral Gedlitd pAARIBARA AR (Fs ITAAMDACAGTAA) SHDFAG the positive

selection, cells were grown in GMML minimal media containing 35 pg/ml Kn, 25 ugiml

Tet, 75 pg/m! Cm, and 1mM pAF (Sigma}. For the negative screen, cells were grown in
GMML media containing 35 pgfml Kn, 25 pg/ml Tet, and 0.002 % arabinose. FACS was
25  carried cut using a BDIS FACVantage TSO cell sorter with a Coherent Enterprise I ion
laser. The excitation wavelength was 351 nm and emission was detected using a 575/25
nm bandpass filter. Collected ceils were diluted into at least 10 volumes of LB, containing
Tet and Kn, and grown to saturation.
[316) Addition of pAF biosynthetic pathway :The papA, papB, and papC genes were
30 PCR amplified from S. Venezuele {ATCC 10712) penomic DNA. Genes, papABC were
assembled by overlap PCR and inserted into a pSC101 derived plasmid, pLASC, and
maintained by ampicillin selection. Ribosome binding sites {rbs) were from the 5 UTR of

LacZ, mzlIE, and cro and placed priotr to papA, papB, and papC, respectively. The
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ATCGAACTTATACAAGAGAGGAT' W' MTCCAAAGGTTGC AAGTTATCTATCCAA TAATGCAD
1' 1 AATCOWMCATTATOCTGGECGT TGATG/ 7qCAGL7r aGAGGEC- ATGO
ACCAGACaAAAAATACACATCTTAGCAAGGGACC =ACCAAAAAAG ' I TA i 9 GCT 2005

Tr CACAACCCI!EEE%E@,Q\G(K‘GIIT TTGGATGGAGA GAAAGA -
O7XA#TTYTA 7' t i ACTCTCCAGAAGAGATPAGGGCL' AAA' DATJ4A Cr&T/Ui07{agyss
CATACTOOCCHT | CTGGAO " TCVTGAAGGAAATCCAATAATGGAC, ATACCPAAATACT TCCt GAATATCC

't TAACCATmewmmmm&mﬁmmm? 16 &fE6rdwd PRy
021 *85923 PCTJ ,' 02112465 Sequencefl oeslRNA G SEQES | D#
TT) 1ATAGCT ARitapd-Aaiar B ant pEASHIPEPAY4 . ~ i *n nrr_n nT' 1~C~CATCCA#TGO AT

AR RS AR O B R R T

TRAAAA#AT  Al&sHh@ATepbites pladniNQIREFRGAACTAORAE3 Tthe synthetase (pAFRS), and the
GCTAAAATACATTTAGGQ/\TATCT ATAAAI | JI. AGE 1~ClkT1~GAM! PTACVAAT

OCTAGATA' T@W@lwﬂ mé@d?@?me@PRﬁhMM#WPﬁawgn@ﬁm

3ATGAGA' FTHEA,
ATGOGGL" TAARSERAA
TCTATAGATT@BWD&M%GM\

e the back round suppression
ATGGOW CT' 1" ATAGEAGVRXGGAT GAAAAACCK 8AGOT TGCDGXNI TTATCT AT TAATO CRG G

TTAATC Gocdevstafthareporias plasanid. vy samplg of eack opl gpowthoxas dutsdipas QlecibAca

71 CoAT Ao R AR AR s st TR 1o a1
TUATGAQT CEaaAeAradg aHmﬁ%@aﬁE(ﬁuﬁfcs@d&WM&hﬁBﬁhtﬁQﬂW 333 nm
TCCAATAATGG+AGATAGCT AAATACT TCCL' TGAAI ATCCT%TAACCATAA AQCI CCAGLAAAAATTTFS

TGGAGATTTGACA 2t GRS ameaamoniiones TR 1B pradured ] AS 4 fluorescent

D S A AT R i i

?@ATG&XAGQAWWWMEW %m@ng&:my(ﬂbem
ATZ@TTTA@@W&%& iﬁgﬁx 3 A &W&M%Amﬁ@%mfw

RAX m’TTA ﬁﬁ?{; TA &%%ﬁ % f&f&?t%ATAA
ATTLTAT AEACTHEA#D JitH ﬂmiﬁk@REHWWCPACCT T#A#AAGAOCCAAGAAGC, AGT
[318] Aromatic amino acid concentration : E. coli DH10B cells harboring the pLASC
plasmid and plLASC-lacPW or pLASC-1ppPW were grown in GMML minimal media (1%

glycerol, 0.3mM leucine) containing 110 pg/fml ampicillin to saturation. Cells grown with

20 exogenously added pAF contained 1 mM amine acid at the start of the growth, Cells wete
" harvested by centrifugation {100 ml), washed, 1 m! of water and 0.2 ml of toluene was
added, Cells were shaken at 37 °C 11for 30 minutes and then separated by centrifugation.
The aqueous layer was filtered {microcon YM-10) and analyzed by HPLC-MS (Agilent
1100): 5-15 pL of the aqueous layer seperated on Zorbax SB-C18 column (5 gm, _

25  4.6X150mm) with a gradient of water 1% TFA /acetonitrile 1% TFA (95:5) to {5:95} over
10 minutes. Amino acids were identified by abstracting their MW{+1) from the total ion
mass spectrum. The area of the abstracted ion was used to calculate amount of amino acids
present in each sample. Cellular concentrations were based on the amount of water in the
cell pellet, 70% by mass.

30 [319] Expression of protein containing pAF: Plasmid pBAD/IYAMB-4TAG with
tetracycline resistance was used to express the Tyr CUA mutRNA gene undet the control
of the lpp promotor and rmC terminator, and the myoglobin gene {with an amber stop
codon at Serd) under the control of the arabinose promator and rmB terminator. A hisb-tag

was added to the carboxy terminus of myoglobin. The TyiRS and pAFRS genes were
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ATCGAACTTATAGAAGAaNGGATGAAAATCCAAA GTTGCTGXK GTTATCTATCCAA TAATCCCNI TTENAT
*Af f OTCATTATOATUUCC3TTGAT2r t GCMDT TOGA, &GG#TC AOCAGAGAAAAATACACATICETAEEA
AGGE r TACCAA##AAGGTTUTTTOTA TTCACAACCCTGICTTA. XCGCGi T' 1" f"  GATGGAGAAGGAASGA3
r TTTCTTCAARKHS 3ARFTT| * TATAGCTGTTGAT3ACTCLt i CCRCAAAALATThI GPCTIUS02/12465

AGA' TAAAAGAAAAA' p CATAC GGA#ATCCAATAATGGAGHTAGC AAATACT T CC TTG AAT#T

| NACCAGT TASKSR bl i P PR A, ROl e Pifeatip i o YIRS
4L CCTGPAC. Ga{sASCANTRIATARNRINENTYEG 1e4iStindd) The PASABA #er@é\ Wefe expressed from

10ATGGACGART" TTi OAAATGA 1" AAAGA! C14CATCTCAAAT" PP+TCAGCGA G &-A
Liyl-'J ' r RepPCrmaRean st ErinRE, andetha aantrel of thecrsiivatezminpon Koelhpt i t
CCARAT AN

acTioe ATTREA SAFRRRER o ERs
GCT1GGr AT ie *
GGk PGAGAT PACRSSAMAGCAGYTAPAASAMMEEL HPW GEALESE-IppPW as indicated) were

ATGGGGTTTARAGGCHRAATATC Pl TATGGAAt T YTCCANCTTGATAAGGATT} 4T ACACVG AATGTE
TAVNGAT TGCEEOTR in Adna st mininakmesiagenaimng RO0Z fa apgkinose Axpressien trizlsprifGAAOAG A

S O AT TR A T 3P M AR A

TAChC&TGT THEsAMRIeAORRIRAGICAXA3 ARAPIA pak a (2] kit & Tca pelletedl, SiPpfotdin Whs Glied TAAC
GOOTTTYU Alt U GAAGO A A Na kTGHG TPCIT C AMAG

GGAATTTTATHENT &F pEfaRdrertosapAnpreading knmenpiactrests pratosgmdsnanative

o cr ST Al B anlptipe (.5 qg) from esch

TCl CT
i T MT#%WWGEWMM%E@#WM&E&T AAAARRT]
CTTGTAGCTGAAGAACTTAT, AAAGATT' :  t KGAQCCAATTAG Ak A GATTA 1ATGGACGAA7TT(
JAAATGATAARGACAAACI - CA CL TO#AARTTATOACCOHG (QAG 02 A 1131 T rRS( ) |
TTAkCAGACI;TTTTARAmm( sexporgiion of Qdnethvi-F{vapsing in ar
OGPAAAATACATTTAGGERATE 1AL TETCHAARIMAMAANATS G RARA
GCTKGATlTGATATAAT has .mn-ﬁr [ysngtere FIth i alural

A PGAGATTAGAAAAAN sBAFiB ATIICA ATP[ OTTAAAGGCARAY kTRTGT | " Pi- | 4~GAAD1" 1114
"1LCAC TTGATA OvVNAT ACACTI ANTGTj ' CTATAGATTGXC

AAAAAGIRACH MOPAANGREEIRRENGe A, 6h84s cﬂ@%ﬁv@ﬂ:ﬁﬁéﬁW}@ﬁﬁM@g TGCP

AA Cr APCTATCCAA TAA' 1' GCAG( _T' PANTI | ATACI CATI TATQ
PDGCAJGT1' cmatwal axfasacids in E. coli, This is accomplished by e.g., addition to the cell of

TrCACARCOHIR F oo gy R oot AR A gl &

GAATTT TATAEKRMMEY éiﬂgy E‘?E@%@% (8 HeGlondnMBATANA R A4 MRethy!-L-tyrosine,
GATTFACTGC CCk GTTGITGAA CEAA?MB& CCAATAA | GAGATKI CTAAAT+A T

TCCl TGAATARBIT TRlann@anathrlteapeicrasuiare Rngymes taydygsl in secondary metabolism, which

20 - converts & hydroxyl group into a methoxyl group. Two enzymes, (iso)eugenol O-
methyliransferase (JIEMT?} and caffeic acid O-inethyltransferase (COMT) (Clarkia

brewery) were selected for incorporation into E. Coli, TEMT methylates
eugenolfisoeugenol, and COMT methylates caffeic acid. The substrates of these two
enzymes are similar to tyrosine. However, both enzymes have high substrate specificity
25  and methylation regiospecificity.
[322] A combinatorial approach was nsed to evolve the substrate specificity of both
enzymes to tyrosine, thereby converting tyrosine to O-methyl-L-tyrosine. Active sites of
the proteins were mutated to produce large mutant libraries and several rounds of selection
were completed. Three clones were identified. The clones are charactenized and at least
3¢  oneis selected to generate an E. coli strain that biosynthesizes O-methyl-L-tyrosine, This
strain of E. coli is genetically engingered to also éxpress the orthogonal tRINA/RS pair
described in Example 1 above, thereby providing 2 celi for autonomous in vivo

incorporation of an unnatural amina acid.
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TTAATAGCPATChGGXG' TTAGAGAGTTTATTTA A#KTA#GGLs#TI OC ATOCA#TG 0 ATTTAAAAAATDC
NOTAGCTI | G AGA, Cl' FATAL AGRTi "1"1' AGAGCCAATTAGAAAGA GA A ' 9 0CT 9008
12ALt GA~~GAATTTCKAAPS3AT#AAGAGRAACACANCTGAAA 1' Y' A |

GOGLK GGAA Tyr RS(4) TSAAGAGAGGDTTTAAAAAAA aATGAAAA |
ATCTGCTACRA ‘%&@#g %S-GAACCAAAGT 6 TAA#HTACATTL TAG G CA L' i ‘PCAIq/ 12465
CCAALKT1KA AAAAG i TGAT' PGk TTTACAA KAT GCTCGATTTGATATI A TATYA' | P
TTGACTGATI ' | TJk CAkE &g yorryRaation of heavy atom amino acids
GGP qAGPlTGGATGAGATTAGAAAAAZ AGGAGATTATAAC AAGCA
ATCIISGTTAAAB:HCBM&WW PEATaCHMEOIETIBATARACGOATW AlEborious process
ACACTGAATGTCT, GATT 1' 1" CCTTAAAAACA

ATGGAACTTAE ﬁ T ﬁ C@é@fb&!&@fﬁ*%#@ﬁﬁﬁrm@ One bottleneck

Ifmmm%@%@%%@%%ﬂg%@%}% $h0s5033

PCTI US021 1 246&usBe Fypivatiiothe pdRbiA has todEQRBregied JFRIT in the MRSGIEGEr GTC 1"Y' Al, C
GG GTT TGGATL3 GAGAAGC3AAAGATGACT TT CT . TTC G _
GGAATTTTAT ABCTRIISHURNES @Fgé&gﬁ& Ciéﬂﬂﬁ&‘ﬁ/&%f DL AGRERARTY result in successful

T AATATCT TR ARAAAC LA SR AP G AR AR L vning

T: AATACCTATGKEGT,, WAGEH AGNAGEEu1(Th nﬁ’EﬁTMMAHﬁM%M’EWmMI@-aﬁhF AAK

AATGCTG AGGTCGRAGAACTTATAAACBA&TTAGAGCCAAT%@C
13ATGGACa AR EREHTIATAN AGHAA AN PAG BIRICINSAA R Gﬁ&@&ﬁﬁﬂéf"’l‘%?eﬁs AG
AG GTTyr Wﬁg CT4C, ' r C ATATAGGTTTTGAACC AAG T

G6' TA?- 2aA Nk TT) 9T CTCCAAATAAAAAAGATGATTGA' T' 1ITACAMMALT G CTG G

A. TTTGATATABAAThe s EGsFREIfAE ViGATcd@oGtioCoPAT- b Rtety e £OACAEMO-
TGAGATTA TA TTATAAC AL 1 TAAA AAAATATGITTA
AAGT AT T COR AP AT BT VAERCA Lo nd Pomin re hed) ioms,and te

1 4TAGATT4%§EF%:M‘:T%&S K%:WWM Tp-eu::ﬁcmtmductmn of
ATGGAA=ATRGAAL LAQAGGATGKAAATC ATCCAA TAA. TGCA C TCAITA' 1' C
MGCGTI Lg TGedviGOAET THGAGBEATGKImMING, m@mm@nm!mm

= WC GST x""TYIi % CACAfACCC | TCTTAACCG rGL"t"1
GI3AATTTTA TABY MEGHTGAGT TG TAN ARG CO0CACS

7aAGIT GFr G GAAATACH#TAA' r GGACATAGCT
AATATCCTT" pheGtalatingAsspeOBRtAM e ancTatal (oo the @eh@lsTAKRCTAGSICIATG AGPI G

4GS' i TAVI' T T. AT
CTOAMGAACT FRFRRRLSRATA 1. RSP (orfiih By NORRNCA Mo e 107113
ACGAATTNAA@T%TM ex SR r e le BT Tl uﬁﬁrc'é’ﬂ aR5E I
TTAAGAGAGC . CATCAAAAA EC GCTGCT ATAGGTTTTGAA!

20 of P- mdﬂ-phcnylalamne and p-bromo-phenylalanine using in vivo mcorpﬂratmn of the

* unnatural amino acids. Protein crystal trays were set up following standard protocols.
[326] The three dimensional structure of the protein is solved using X-ray

crystallography; the phase is determined using the heavy atoms present in the protein.

Example 7: In vivo incﬁruuraﬁan of meta-tyrosine analpgues

25 [327] An orthogonal TyrRS was generated for aminoacylation of the miRNAT,

(described in Example 1) with meta-tyrosine analogues.
[328] Preparation of mutant TyrRS library plasmids, A library of plasmids encoding
mutant M. jannaschii TryRSs directed at meta-substituted tyrosine derivatives was
constructed, generally following the methods described in Example §. Briefly, six

30 residues (Tyr™>, Ala®, His™, GIn'™, Asp'*®, A1a'%") in the active site of M. jannaschii
TyrRS that are within 6,9 A of the meta-position of the aryl ring of bound tyrosine in the

erystal structure of Bacillus siearothermophilus TytRS were mutated to all 20 amino acids
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C3( TAAAATACATT' TAGGXAT: ATCTCCAAATPII AAAAGATA ATTCHATT2Af i AAA. AT GCTG G ATTT
G ATATAATTATArM TT rAGC | ' G ATTTAC AC G C CTATT 1 AAAC C AGAAA

- ATGAGATTAGAAAAATAGGAGATT' ATAAC AAGr - A ATGGGGTTA 04: GCAAAATATUr P ' GTC
TEUKGGA' F r AT ACACTGAAT r. CTATAGATTGGCPTTAAAAAC ' ACCTTAAAAI | GAGCAAGAAGGAC3T
RTC GAACT WONHBM2ZE A A C- NOACT GAT GAAMTC  PCT/USOY/I2465

CAAAJG PT' GCPC1AAGTTAT' CTAT CC AA TAATGCAGG r TAATO

ACCACACAAAR RN RE AR GRA IR gorsaibed iuppple 1 et rrc 4

AAC CC TG &EsiflAéipls Edibriuy 3R GRAGAAGEIAPAGATIGAIMHe farbent AduRAG G
QPATTTTATPLC C TGI1Y' ATGACTC 1' QCRGA A=ATTA( 3G TAAGATAAAGAAAG CAT | O Y C
CCAG CTGeAd29 Evel P@#M@Ghngﬂm tRAFAYntiptase paixs fordncopperatipn offm-acetyl
TCC774r " M. CC ) T TG GC
TecTTar M oL SR G AT IR G ATAATAGRTA

ATTTAABAANTGHRTAGE c16MRAEN | INTADAGA T T erhe ried GHGAATUrNGAPM @A 1 &zdrhipRenicol
15ATOGACGAATTTGAAAT GATVAGACAAACACATCTGAAATTATCA AGGAAGAGH- Az- PheRS( 3) RS

TTAA(' AC, Aras depenreah onthemdditionof th wn@mhmw@e&n@&mcﬂ of m-acety

o NeATATRRIF ATy oo oy ety PRl ke 8 gt hatnlle Ofe o che
T TR e Gﬂﬁﬁiﬁgﬁ 2T Al the s SRBT HAANEAATERTire, the

ACACT- wmanmmnbmmphWWe cellsAMMMACABTEA TheAanpGaftiference
A9. " CTTATAGAAGAGAGGAT TCl ~ ATCCAA
TAATGOAGC PR RESEAVPAFTIGFE SHGRs (il of e sefeciedpY GRS P GRFciy the

S e S 1S R, e

r ATACIJTGrfE(' mmttmg:pner@’rm AerCAMAIAT TACEIBIEAMEATIOMAGIASEQUATINOTEE26).
L' CAGCT' Gp P TGAAfI G| AA FCCAATAAT GATA AAATACT ATCO T'i " A)
C=ATAARAA @i %‘*HK&‘H& EMF

Mﬁ%ﬁﬁ%ﬁ‘%ﬁ%@@%ﬁ%@%ﬁﬁ*%‘ﬁ@%ﬁ@‘#&ﬁ%@&%@cﬁﬁﬁmc

C, , kASt' raieAGEIAMEEHA relEantermRheh] B(fHpR 'd TAEHnse AGE: amberTohddn MDHER

AAZATC+AAAAATCTGCCTC. Tek T, T GA? Gr . ..
GO AMAATACHPITACKY AFRTE SCARRIALARRYS A3 AYBRIAR P97Rbx g6l Fontaining bath

GCTGGATYM%E@E&PJ%AEP?&WS thetase SrRGREEMWMACERESAMbding DEFR were
GGAGAGTTGGATGA] T ATTA{  AAMhATA GAGATTA' r AVAAAAAAGT | r nGAAGCA ATC3G GITAAAC,
GCAAAU TAT@aswn i AEGHsERe CCATTOCAGITIHGENAC, THBATIIAS of AOMIT GXRRI(OMTEATAGATT -

ST AR, TASRYGACEIEHRT L BeRe eSS S AT X ASopsiisdihesaseificity of the orthogonal

TAAT ~
AR Tl s SRRATB g sy

TTCACAAcccﬁh-engmmcnh@@ms OTERATESADNARGRAE ETatE AN g/ of
GGAATTTTATA%: GT 5 %Tr YACTCTCCAGAAJ AGATTAGG—AAGATAAAGAAAG
CATACT GGAI 4ATCCAATA AS GAGATAGCTAAATACT

[331) Utilizing mefa-acetyl phenylalanine as a chemical handle, The m-acetyl

phenylalanine incorporated DHFR protein was labeled with hydrazide derivatives, both
25  extracellolarly and intra—cc}luiaﬂ}r";tt a milligrarn scale. The carbony! group will react
rapidly with hydrazide in aqueous solution to form hydrazone that is stable under
physiclogical conditions {(Shaoe, F.; Tam, J. J. Am, Chem. Soc. 117, 3893-3899 (1595)).
This chemistry has been used by Schultz and coworkers to specifically label a ketone
containing, purified T4 lysozyme with fluorescein hydrazide {Cornish, V. W.; Hahn, K.
30 M. Schultz, P, G. J. Am, Chem. Soc. 118, §150-8151 (1996)}.
[332] Purified m-acetyl phenylalanine-incorporated DHFR protein was treated with
fluorescein hydrazide in agueous buffer. As a control in parallel, a purified m-methoxy

phenylalamne-incorporated DHFER protein was subjected to the same reaction conditions.
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TOO  QAATPI LTCCTTTAACCATAAAAAGGOCACAAAAATT OUTGOGAGATTTC, ACAG
T TAATAGO] ' ATGAGGAGTTAGAGAGTTTATTTAAAAATAAQGAATTGCATCCAATGG 100
ATTTAAAAATGCTGTAGCT GAAGAACT TATAAPAAT TTTAGAGCCAATTAGAAAGA C, ATTA! A%TA%

t 7T ~h+l 11 S eSGStORSG( RAGSGAGGTTT' i ' ATGAAMAA t| ate m GG |
CAACCAAG | %‘6’3 acyl A | GGTAAAAT, ACAr r TAC3] PCT/US02/12465
ATTATCTCCAAATAAAAAAGATGATTGATTTACAAAATt h I | ne eny n

GCTGGATT T GATAT MﬁﬁTﬂnrhoﬁﬁfotaﬁﬁmmmﬁAﬂmm 499 nndto ¢aih
GAGA. GTW , ATGAL ' ATTAGAAAAATAGGAGATTAr L. AAC t fotClris (Ketr ne 3-4
ATGGGGT SAARRRICHARRTRONSEIOR ANRSHRAGOPRANT iﬂucrhbrchAp #hq(swﬂlmns ibe

purified m-acetyl phenylalanine-incorporated IXHFR was labeled with fluorescein
hydrazide while m-methoxy phenylalanine was not labeled,

5 [333] The fluorescein hydrazide is cell- permeable and does not lyse cells at 4 °C. Thus,
it is possible to label the m-acetyl phenylalanine-incorporated DHFR protein intra-
cellularly with fluorescein hydrazide, Cells expressing the “ketone handle™-incorporated
DHFR were incobated with fluorescein hydrazide solution. After 36 hours at 4 °C and
extensive washes to remove excess fluorescein hydrazide, Ihela labeled DHFR protein was

10 purified and Sub:ibctﬂd to flnorescence emission tests. As a negative control in parailel, m-
methoxy phenyIalan‘inﬂ~incorpnrated DYHFR was also purified with the same procedures.
Similar results to the extracellular experiment (Figure 15} were obtained when intact cells
were labeled with fluorescein hydrazide and the DHFRs were subsequently purified.

[334] These experiments demonstrated one example of the utility of & pmtein with at

15  [least one unnatural amino acid. Other compounds can be used to in vivo label proteins

with at least one unnatural amino acid. Examples include, e.g., biotin hydrazide and other

hydrazide derivatives.

Example 8: In vive incorporation of photoreactive amino acids

..ESS_S] Introduction: Experiments were performed in which photocrosslinker amino

20 " acicis were genetically encoded and site specifically incorporated into a specific protein in
vivo, This protein was then crosslinked at will by excitation of the photoreactive group-
providing temporzl control.
[338] This invention is useful for, €.g., exploring protein interactions. For example, this
invention is useful for defining residues in the protein primary sequence that mediate

25  interpction with different celiular components by varying the position of the crosslinker in
the protein. Because a covalent bond is formed between the protein and the molecule it
interacts with it is possible to detect weak or transient interactions.
[337] Two chemical functional groups have gained prominence as crosslinkers, aryl-
azides and benophenones since they can be activated at wavelengths above 300 nm (

30  below which protein damage via photoexidation may be a probiem). These twa
crosslinking groups were been incorporated into the unnatural amino acids p-azido-

phenylalanine and p-benzoyl-phenylalanine respectively (Figure 12).
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116 WO 021085923 SequenceNot est RNAor SEQ | DO Af - ACTGAAYI CTATAGATT C~. .
I AAAAACTACCT &W n AAGAAGUAGT ATOGAA=TATACCAAGAGAL B
Al UKAAATCC. AAAG+G3SMC' r GAAGL" | A" TCTATCCA ATAATGC; ACa' ' 1" AATLGA
TGCATTATCA¥QBIGIPEN | GTTGC- AGTTGUAGA AT, G PUTIUSD212465
GCAGAGAAAAATACACATGTPABCAA{ 3GGA=" 1=ACC

ATTCACAA + T T " E+ TTl " TATACCTI
Tr | ATCACPETEA AR O R R P RO S S AR T B Wk bast Rt o aac
C AAATC AL GEASAT : i MIRNATY o

oo 1 ki Ecpelen Rhstbio ¥ MeMlinacacous jonnaschil TURNAL FTHTES pair sas yoed
CTATC, AGG%%U&BQ&% iEmT%AMr&M OAGRechid P Ul hke G EAMANAA] XGETGCTAG
CTC,| A ACTTATAAA r: " AGAOCCAATTAGAAAG AGA. TTATr TA

# " 3ACE-widkrpicnliaine pRra). Taamabadnie nRgagenkMT.ATCACDEABhAGANUL ant
Synt et sse t oFMS. TTm ELWG ' 1 11 ASKAAAAAL SATGAAAAATCIGC rlrﬂﬁi%TA O

TTGAACCAACHETY RIS G TR A X oaraPRish RYARA FFFAEen Xample 1. Briefly, &

SATCT [ bRl LRASE kiR
G ORI SO e I 07,

GGAGAGT TGAATANGIIET Aen SR werscasiomized. FTHacTiluss siens ciidsen onehedagis dhtTEOGGG

X" TAAAGG CAAAATATGTTTAL, Al TTCCAGCTTGAT TTAT. ACACTGAAT4
XTXTACATTCEEHL 'SE@%@BWWEA%’H@P § iﬁﬁ@@‘ﬂﬁ%ﬁx BARASYRtBAGAC,
GATGAAAATCRAIN, T NBRAQOD FERehA Tofal -::-E Molecular Biﬂlo% 208, 13_% {1989)}) in which

ATAATGCAOGTTAATGATA- TTCATTATACA
GAGCAHAGAARONRATARAITYET (TCAAGORARETA I TAPTE LAT L apA@Mnge-vdthin 6 A of the

e GRS -
AATTTTAT ACRAEP PR R T RR I TIERR lioracy was passed
GCATACT GC%%@?AHJ&&E&&M@, MEMMFM&T AN B permissive
TTCCTTGAATATGCTTT CATAAAAAGGCCA F TRGGTG~-GAGATTTGACA GTTAATAGCPATGAGGA
| ' AGAGACr IsitpfasmNidAriashe pid oamprhracareend ienstamss LAARNgareC Cels pacdormed

TGAAQAAC?r GAITT" T cC dT G ACATTA 1A CGAATIr TGAAAT' ATAAAG
AcacrT oot ReSTRTERes R At G L et P SR ot BRI AR AT -
AA; % YECTGrYy Bobadd I@&%ﬁlﬁﬁl. Surk Ve Gl @bAtalited @ Yhthetases capable of

r A, AA?AAGIKT+GATTC- k TTA
charging the orthogonal mtRNADT, with either & natural or unnatural amino acid. These

synthetase genes were transferred into cells containing mtRNAZT, and a variant of the

gene encoding the toxic barnase protein, which contains three amber mutations at
-permissive sites (Gin2, Asp4d,Gly65H Wang, L., Brock, A., Herberich, B, & Schultz, P. G.

20 - Science 292, 498-500(2001)). Grewth of these cells in the absence of pBpa selected
against synthetases capable of utilizing natural amino acids.
[339] After five rounds of positive and negative selection the surviving synthetase
plasmids were transformed into a reporter strain in which the production of full length
CAT and T7 RNA polymerase {T7 RNAP) are dependent on suppression of amber stop

25 codons in the CAT and T7 RNAP gene, respectively (Santoro SW, Schultz PG. Proc Natl
Acad Sci U S A Apr 2;99(7):4185-90 (2002)). Because the T7 RNAP drives expression of
the green fluorescent protein (GFF) these cells can be fluorometricaily screened. Ninety-
six clones were screened for pBpa dependent chloramphenicol resistance and GEP
fluorescence. Six distinct synthetases conferred Ile chloramphenicol resistance on E.colf

30 with ICss of 120 mg/L and 5 mg/L in the presence and absence of 1mM pBpa
respectively; they also showed pBpa dependent GFP fluorescence. The {arge difference

hetween the chloramphenicol resistance in the presence and absence of pBpa shows a
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1 GGTAFAATACAWI | AGGGCATTATCTCCAAAI i a an GC 1GAT"| TGATATAATTATATTC
TT AGATTTAAACGOCTAT=TTAAACCAOAAMATt nto Py

C3GAG SL, AT' 1' ' 1’ GATGAGATTAGAAAAATAOSAGATTAT AAGCADT ot ei ns (Ketpng 4-@3)_1
ATGC- GGTTAWTATGTTTATOGAN YTGAATTT - CAGC t TGATAAGGATT fﬁﬁ%ﬁs

"G TIKTAGA T T L AAAAACH ACCLT{ 3CAAGAAGGAGT ATGGhACT' PATK:
CAAGAGACGATC7 AAAATCCAAAA f TT13CPGA& TTATCTATCCA

AT AATGCAGGTIANTGATATI@APTATIZITACODEFE o taT TS SGRDTY Gaitfor OBATENAPBBAC,

AGAAAAAT ACACNT GTTACCAAGG GACCT i "r TI L TTY."TI"SA '.T

AT TCACAAC&WH@X’WF“ &@M@%m 2R adep- TATAGCTG

TGIATGACT T T :
g!%fmggﬁkﬁﬁﬁﬁ% AN oPLobind) 106 Tidakiire TR Rdelity and

AAQGAAAT ! ATAGCTAAAT,
TTCCT' GAATAOETFRARACEAT tnABHDTADAANIT i€ SERMARGENT TBARKmyoglobin

T ANAARR PAEOTEIRBA ST ) VR SR PR GO PSR RSP AT AL
Syt | Cot aseoas DAL e e R I SRR procudevilta A7

purified yield of 2 mg/L.. No myoglobin protein was detectable by silver stain or Western
blot against the C-terminal His6 tag on myoglobin if any of the three components
responsible for specific amber suppression with pApa (amino acid, synthetase, or tRNA)

10 were withheld. :I‘his data provides further evidence that the selected synthetase is very
selective for pBpa. )
[341] Electrospray-iontzation ion trapmass spectrometry of the mutant myoglobin gave a
mass of 18519 = 0.5 which is identical to the calculated mass of 18519.0 for the pBpa
containing protein. This confirms the incorporation of pBpa at a single site in the protein.

15  No masses were observed in the mass spectra comesponding to natural amino acid
incorporation providing additional evidence for the high fidelity incorporation of pBp .
[342] Seguence analysls of mutant O-RS. The selected synthetases show interesting
sequence convergence. Tyr32 of M. jannaschii TyrRS is converted to alaning or glycine
in five of the six mutant synthetase clones. Aspl58 of the M. jannaschii TyrRS is

20 ':'c,on__vertcd to threonine in five of the six selected mutants, while Tl2159 is converted to

serine in four of the six mutants. Serine or proline substitutions dominate at position 117

of M. jannaschii TyrRS; Leul62 is conserved in four of the six mutants. A consensys set
of mutations (32:Gly, Alaf 107:Ser, Pro/ 158:The/ 1539: Ser/ 162: Leu) emerges from this
analysis. N

25 [343] In vivo incorporation of pBpa into GST. To demonsirate the utility of this
methadology for mapping protein-protein inleractions, a cosslinking experiment was
carried cut with glutathione-S-transferase. This protein is a dimer of two identical
subunits which have previously been crosslinked non-specifically using glnteraldehyde.
The crystal structure of the dimeric Schistosoma Japonica glutathione-S-transferase

30 (8jGST) (McTigue, M, A., Williams, D. R. & Tainer, J, A. Journal of Molecular Biojogy
246, 21-27{1995)) was used to identify two sites to substitute with pBp : residue Phe52,
which is buried in the dimer interface of the crystal structure, and residue Tyri%8 which is

solvent exposed. The codons corresponding to Phed2 or Tyrl98 in the pene for a 27 kDa
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TAAGAG AGG | TTAAAAAAMTGAAAAATCT X CTAATAG T CTATCTCCAAATAAAAAAGATGAT1
ATTTACAAAAT CGITAAAATACATTTAGGGECA g 00T 0

GCl GGATT7GATATAATTATATTGT' t GACAG' | " CPAAAACI CCTATTTARACCA) A&Al'l’ ?a] annc

i nto G3G VWORADESTITGAGATTAGAAAAATAGGAUT' TA' P A?4CApro oi ns P@fﬂlﬂﬂﬂezﬁs 4)
AT90GOTr f & k GCAAAATATG Ti PATGGAAGTGAATTCCACCT ATAAGGGATTAT AC AC

TC XATGTICT. CTTATA
Canchaaae e R PR ok Ethier R T o o e IR T o
" AGSC  ATGRA thEh LG GRAGHETICLly GHGEAGAEHpa WTATBSN RATIAQUARGERAGLTT 1 ACC

ATTCACAAOCCTGICT' . MCGG GI r| AATG oA i AACGAAAGAT CTTCAAAA, " GAAT ' nATAGC
GATGACTCT, Hepaapdisden withiangayalsngii A&a@e&ﬂww@fmrtﬁeé&aﬁ&m@m@ i A

CAGATTTUAGR O PRRT R T A e pator e MBS A iori i dlanr
GATTTASAAAR IEETHe THSAG EsenbAGAMDEIIMIBARCA T R TIBCSHGOAMYRBIACHAAB cASATITATAA

1ATOGACGAATT: GAAAT6ATAAAQAGA MACAr CVAA3KTTATCAGC CATGAMAGMIt ant _synt het ase
t 0S TTAAGMesiEEzither wildt Eepaaunpaiacel residus GAAvlisiaBesoutside:

i 1G-Or p&@'ﬁﬁ%ﬁ&éﬁ% stlnﬁué M@é@é&ﬁa c;l;)%'ﬁ(ﬁfg ln rcspojnse EGTW@-QHGH. GGTAA

TACATTTA
[344] These results demonstrate that site-specific pBpa substitution can be used to

F-c

define amino acids involved in a pretein-protein interaction.
10  [345] Characterization of Mutant Synthelases Individual synthetase clones in
DH OB/ pREPCZ)WYLC-JYCUA were used to inoculate 0.5 mL of LB supplemented with
kanamycin and tetracycline to 30, 20 mg/L. After 20 hours growth (37°C, 300 pm) cells
were diluted 10 4 fold in du20 and replica spotted on two sets of GMML plates. One set of
plates were supplemented with kanamycin and tetracycline at 30 and 20 micrograms/L,
15 respectively, and chloramphenicol at concentrations ranging from { micrograms/L to 118
micrograms/L. The second set of plates were identical (o the first, except that they were
supplemented with 1 mM pBpa . After 48 h the Icso of chloramphenicol resistance in the
presence and absence of pBpa was calculated from the concentration of chloramphenicol
at which half the number of colonies on the plates with no chloramphenical were visible.
20 'GFP expression in the presence and absence of pBpa was imaged using a Storm
phdﬁphuimagﬂr(Mulecufar dynarmics). Mutant synthetase genes exhibiting the strongest
amine acid dependence in both GFP signal and chloramphenicol resistance were isolated
and sequenced hjr standard methods.
[346] Protein Expression Plasmid PYC/SjGSTmut, which contains the mutant SjGST

25  gene on an arabinose promoter and rmB terminator, and mtRNAZY, on a lpp promoter and
rnC erminator, and a tetracycline resistance marker was co-transformed with a pBK
vector expressing p-BpaR 35 into DH10B E.coli. Cells were amplified in 10 mL of 2x-YT
containing kanamycin at 30 micrograms/L and tetracycline at 25 micrograms/L. before
being washed in PBS and used to inoculate 1 L of liquid GMML with the appropriate

30  antibiotics and pBpa to 1 mM. Protein expression was induced at an Opsoe of 0.6 by the
addition of arabinose to 0.2% followed by 5 hours growth, Cells were harvested by
centrifugation and protein was purified by virtue of a C-terminal hexa-histidine tag using

Ni-NTA affinity chromatography.
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' 'n  CCAGA "TAT=CCl ATl ' LAAACCAGKM a GCTGGA' ' | TGATATAATTATAT' i TT,ffii nc
nto GGAGAG TTC GATGAGA' TTACAAAAATI 4AMACATTATAACRAAAAI TTTT= kAUCAﬁA%@i r?@
(Ket one 6-8) ATGGGGTTAAAGG aCAAMIATG ?TATG AA{ | TGAATTCCAGCTTGAT TLPAT
ACACTGAATI w @A T' MGC | 7r AAMMAACTACC TTAAAAAGAGCAAGAAGGA

AT+ " r AACTTATH: GAGGATGAAAATCCAL k AGGTTOCTC3AAGTATCTAT Hrusornziss

34' TAATGCA4=AATGATATTCKTTI kTTTAG GOGTTCATGTTGCAGT TCGAOGGATG GAG

CAGAGA AAAAIBAGR CATFer@TWhdbe Gryaaleht: was expressed ndp@Gified from cells containing

ATTCACXAC%% R T4YGAT ZCTT TTTTATAGC
G TGATGA B @%@mﬁf@g %%
TTKNSGAAAT LA RO with {G@@A‘%Aﬂmﬁ@s@@ﬁﬁples for mass s I:!'&':Air'e:re desalted ona

TTCC TTGAATATCc=AACCATAAAAAOGCCAGAAAAA, TTTGG GGA TTI r Al

GITAATAG @MMWAMMIHMWMMG Oaaariteehy mﬁ@tﬁaﬁfﬁm kMI G
CTGPA G AAC T" TATAAA %ATT b AGtrAnG CC, AAT'{@%AAAG AGGAATAA T 22GAT
Mt ant ) oty IBass s AsC Y RIGH ORIt AP KAD\BASSSPEP TR at ¢ m

CAAGT  TAA7g} 7 Mutdn{XjIGRTWlonifiCiLRA E1E8F Genes were assembled by overlapping
PCR, using pGEX-3 (Pharmacia) as a template, All PCR reactions were carried out using

the Expand PCR kit {Roche) according to the manufacturers instructions. The resulting
genes were dipested with Neo I and Kpn I restriction enzymes and cloned into predigested,

10 dephosphoerylated pBADIYC vector betwesn the same restriction sites and in frame with a
C-terminal hexa-hisfidine tag. All final constructs were confirmed by DNA sequencing,
[349] Photo-activated crosslinking. Crosslinking reactions were performed in a 96 well
microtitre plate (Nuncsorb) using 100 pL of 10 ng/pL. §jGST (in 50 mM Nan2Po4, 300
mM NaCl, 250mM imidazole) at 4 °C. Samples were irradiated at 365 nm using a

15  handheld UV lamp {115V, 60 Hz, 0.2 A; Spectronics, NY, USA}, for 1 min or 5 min.
Samples were removed from the wells and diluted with SDS leading buffer before
resolution of products by SDS-PAGE on a 10-20 % gradient gel. SjGST was transferred to
PVDF (Bicrad) and probed by western blot using goat anti-GST (Pharmacia) and a
secondary mouse anti goat HRP conjugate {Sigma). Signal was developed using Super

20  -signal West (Pierce) and visualized by exposure on hyperfilm (Amersham). |

Example 9: Synthesis of meta-substituted phenylalanines

[350] In one aspect, the present invention provides meta substituted phenylalanines as

shown in Formula I'V;

IV

[351] HN COOH
25  j352] and in Formula V.:
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117 WO 02/ D854) 23 quei t CCNotestfI NA or |: QRS I D # aQTAAA. T34CA fAM(nrT anne

' CATTATCTCCAMIAAAA#AGATGHTTi aATTr ACAABAATIEL hoxy GCTGGATTTGATATAATTATATT

r TGGCTf - TTTACAC CTA' | TTAAACCHGAAA a, | al ani aci nto ' TGGATGAGATTAGAA#A
TAGGAGATTAWRIZISANAAGTr 2MAAA  WAChM ATGGOM r AAAGGCAAAATAX Tr FET/ESATA ptes
AGTGAA77CCAGC " mATAAGGATTATpr ns (OW 1-6) ACAI CW- ATt 3STCTATASATTGGCr nAt i A
OLACTACM't ATGGAA=ATAGCAA GGAT13AAA#TCCALPA G'TZ+r' CTGAAGT' T' ATCTATCCA
ATAA | #Q=AATCATATTFCATTA C7GCG S7' {" A C3GAT3 GAGCAGAGA

06" TACACATC3TTAGCAAGMGCTTMIACCAAAAAA]  GITGT' TTOT ATTCACA#CCCPGPCTTAACGGGTT
, GATGGAGAAGGAAAGATGACFT TCTTCAUA (3 y

aATTAr . =TAAGATAAAGA#A
GCaTACTGCCCAGCTG aAGTTGTTGAAr GATCCA CGAGAT#GCTAAATAC TT CCTTC3 AATAT CC
TTTAACCAT AAAAAQG C CAGA A AAATT AGATTTU AC A
GITAATAGCTATGAGAAGT TAGAGAGT TTA=AAAAATAAGAAATTGCATCCAATG GATTTAAAAAATGCT! ' 3
' AGCTGAAGAACTTJI TAAAGAT Vr AGAGD i

-, AAATGATARISIAGAAA" ACAf i C AM, NGGA, GHC3 Mutgrn synChe CS xORS '

e e ST MR o I TR
aor CISATTT%E{;;E%I@A{&]{E% A TIHACCAGCCTATTTAP. ACCAGAAANEt | hoxy

OMAGT TGGAT GAGATTAGAAPWK GATTATAACAAAAAUAGT' LTTTI AAGCp icilyl ai m ne
into [355] Meta-substituted phenylalanines are synthesized in a procedure as outlined in

5 Figure 14. Typically, NBS (N-bromosuccinimide) is added to a meta-substituted
methylbenzene compound to give & meta-substituted benzyl bromide, which is then
reacted with a malonaie gompound to give the meta substituted phenylalanine. Typical
substituents used for the meta position include, but are not limited to, ketones, methoxy
groups, alkyls, acetyls, and the like, A specific example is provided below.

10 [356] NBS (N-bromosuccinimide) was recrystalized from boiling water prior to usage.
NBS (1.85 g, 10.5 mmol) was added to a solution of 3-methy! acetophone (1.34 g, 10
mmol), AIBN (2', 2'-azobisiosbutyronitrile) (0.043 g, 0.25 mmol) was added 1o the
mixture. The reaction mixture was refluxed for 4 hours. The completion of reaction was
checked by TLC (8:H/hexanes: EtOAc). After aqueous workup, the organic solvent was

15 ‘removed and hexanes was added to give solidh. The solid was filtered and washed with

 “hexanes and EtOAc. Then the mixture was recystallized with hexanes. The supernatant

was collecied and solvent was removed to give compound (1-(3-bromomethyl-phenyl)-
ethanone). -
[357] Dry ethanol (50 m!) was added dropwise to pentane-washed sodium pieces (2.3 g,

20 0.1 mol) under argon atmosphere. After the completion of addition, stirring was required
to dissolve the Iast pieces of sodium, A sclution of diethyl acetylamido-malonate ester
(21.7 g, 9.1 mol) was added over 30 minutes. 1-(3-bromoethyl-phenyljethanone (21.1 g,
0.1 mol) in dry ethanol was added dropwise over %0 minutes. After the mixture was
refluxed overnight, ether and water was added, and the organic layer was separated. After

25  agueous workup, the organic layers were combined, washed with brine, dried over MgS04
and filtered. The solvents were removed in vacuo. Hexanes-dichloromethane, 4:1, was
added to the residue, and the inscluble matertal was filtered out and washed exhaustively

with 10:1 dicholomethane-benzene to give diethyl 2-acetamide-2[3-acetyl-phenyl]-
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A QE} AAMAGGCAA. AATATCTI ' TTATGGAAQ OAATT A TTGATAAGGAT' ‘AT proteins i ) "
ACACTGAATGPCTATAGATTGGCTZ  1' AAAA. A, CTACCTT ATGGAACTTATAd

CA#GAGAC, C, XTGAXUTCCAAAGGTTi 3CTGAA( 3TTHTCTATCCA ATAATGCAGGTTAATCLQX”BM’%@A
TAATTTAGGC —' GCAGTTGGAGGGATC 6AGCAGAGA

A. kATACPk RGGGAGCTT! ' TACC A. a" PCA. CA#COCTY3TCTTA# CCRETHEIEG
* OMAACATCA r TTCTTCAA#A GGGAATTTTATAGCTG LTGA=W-C ' CCAGAAGAGATSAGG
CTA#GATAAA@;@thWT#\GTﬂWG@% ST Wil AATIACHE, d&amemghc Then

TTCCTTGAATA | OOl TRARCE C, GCCAGAAAA PGA GTTAATA( 3
T#TGAQGAGT RESCHART MEER }4%, Kt 16 Gryness again to.

GATTT é\@sﬁﬁ‘r}éﬁ résﬁ%@ﬁp%ﬁﬂ AGALML TATA, A
24 APGCAt 7~ AAATGATPJ%AG#GAAACX@A AASidI'TATCAC OGAG4AAG#c§de5? %B thé
syi fI hCt as dtmreﬁ'ﬁém@é{lﬁd\m@mﬂ'sﬂﬁﬂpw TSI ROEEZY: dA(HS 7.28

e e R éf}aéééé““m”
AGTTTTTCAARRTR i e T a5 T oty e Etag (ogbeca s ooy,

TGATr GATT pherpyldanise.( TMVER Eroup Fthametd deiteGT The\bszy) brhGAGEAkBAAGEACT
ACACTGAAT' TAGAT C AT C CAAAGG-n G
CT GNGIT AP ot cae ab igerises oLl o s £ hemr dRP A RGOUABE C Gi T CATGITG C
#GTT a GAOGG AT G 6RGCAGAGAAAAATACACAT{ MAGC A rx=nf_ pAC ATTCACAACcC

GTCTTA#OGCCCT' ?GGAgL
GGGAATTT' TATAGCT A l:" TAAAGAAA GCATA

CTEOCCAF ‘f‘fﬁ]ﬁﬂﬁ%é@@ﬁ e RSl a1 -H fsine, whose

structure is shown in Formula TI:
[}

I

[359] HzH COOH
[360] The compound of Formula IT, 4-ally-L-tyrosine, is synthesized according to the

scheme set forth in Figure 13. A protected tyrosine, e.g., an Nboc or Fmoc protected

15 tyrosine, is reacted with ally] bromide, resulting in a protected allyl tyrosine, which is then

typica]ly deprotected to yield 4-allyl-L-tyrosine. For example, N-{tert-Butexycarbonyl)-

L-tyrosine (2.95g, 10 mmole) was dissolved in 80 m] of DMF. The sclution was chilled to
5 °C and NaH (0.63g, 26 mmole) was added. The reaction mixture was allowed to warm
up to 10 °C and stirred for additional 2 hours, After that, allyl bromide (1.33g, 11 mmele)

20 was added to the mixture and reaction was warmed to room temperature. The reaction
mixture was stirred for 4 hours. Water was added to work up the reaction. The aqueous
layer was extracted with ethyl acetate and CH2CI2. The organic layer was dried over
anhydrous Mg504. The organic solvent was removed to give white salid. This
compound was then refluxed in 4M HCl in 1.4-dioxane for 4 hours. All the solvent was

25  evaporated to give the desired product as white zolid (1.9g, 86%). 1HNMR (CD30D): d
ppm 3.1(m, 2H), 4.1 (¢, 1H), 4.5 (d, 2H), 5.3 {q, I1H), 5.9 (m, 1H}, 6.9 (d, 2H), 7.1 {d, ZH).

Caleulated molecular weight: 221, obtained molecular weight: 222,
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TTCCT' PGAATATCC 1' r TAACCA. TAAA#AGGCCAGAAILAA' ' YTGGTGr a ATTTGACH
GTTAATAGCTATGAGGAG TAGAGHG=TAT1' TAAAAATAAGCAATTGCATCCAATG
GATTTAAAAAATGCTGTAGCSAC, AAGAAC?r ATAAAGATTTTAGAGCCAATT CAAAG AGATTATAA 25ATi
CQACGAATTTGA#ATGATAAAGAGA, AACACATCTGHA# TTATCAQCGAGGAAGAGMUt ant | §yHiTHitase

t ORS TTAA PSR AARAARAGRT GAAAAATCTGCTCAT. UACG 7" ! ' PGAA 212465
ncntporaic me 'S ' ' ' AGGGCATTHTCTCCA?LATAAAAAAGATGA | TACAAAAT

rGTAAMTACA: 1 1 Exbhinle Al; Cell@at ln; taLAT'EiFéEﬁTdﬂﬁﬁuaﬁ&HIiﬁlhuﬁ ids
" CCAGATNACAMC=A= m 0X COAGATTAT ACAA

o T ORI T SO BITORAIOL tr. ovan

ACAL ' TGAATEHRTHATEARY B aﬂémm TETIAVAAGGAGE GARGAR (E%Nﬂ B,
#TGQAACT TATAGC#AGAG%SBGATF AT XAAQU ' r MTC3AAGITATCT#TCCA  ~
ATAA YGCAGHPAngl al, EaMaghery, Bt Seitrapnmsblicedaesulievperersened for cell

5  toxicity). For exampie, Figure 29 provides a library of unnatural amino acids useful for

the following screen. Each amino acid wasscreened at 1 mM in glycerol minimal media
for toxicity to cells, e.g., to DH10B harboring pBLAM-YQRS and pACYsupA3s,
Toxicities are sorted into five groups: (1) no toxicity, in which no significant change in
doubling times occurs; {2) low toxicity, in which doubling times increase by less than

10  about 10% (seen with the following compeounds in Figure 29; 563, §69, 5§74, 875, 881,
S95}; (3) moderate toxicity, in which doubling times increase by about 10% to about 30%
{seen in the following compounds shown in Figure 29: B, M, P, 512, 14, 822, 541, 545,
549, 852, 862, S64, 865, §71, 891, 5§93, B10); {4) high toxicity, in which doubling times
increase by about 50% to about 100% (seen in the following compounds from Figure 29:

15 C,Q,V,BB, 82, 85, 8§50, §60, 578, 583, 889, 590); and (5} extreme toxicity, in which
doubling times increase by more than about 100% (observed for the following compounds
from Figure 29: W, §15, 526, 827, S30, S31, 539, 547, 588, 594). See, e.g, Liu, D.R. &
Schultz, P.G. Progress toward the evolution of an organism with an expanded genetic
code. Proceedings of the National Academy of Sciences of the United States of America

20 96, 47804785 (1999).

""[362) The toxicity of amino acids scoring as highly or extremely toxic is typically

measured as a function of their concentration to obtain IC30 values. In general, amino
acids which are very close analogs of natural atnino acids {e.g., G, W, 55, 826, §27, 5§50,
590, 894) or which display reactive functionality (e.g., 513, 539, 347) demonstrated the

25  highest toxicities. '
[363] To identify possible uptake pathways for toxic amino acids, toxicity assays were
repeated at IC50 levels (typically 3 uM to 500 uM) in media supplementad with an excess
{2 mM) of 2 structurally similar natural amine acid. For toxic amino acids, the presence of
excess natural armnino acid rescued the ability of the cells to grow in the presence of the

30  toxin, presumably because the natural amino acid effectively outcompeted the toxin for
either cellular uptake or for binding to essential enzymes. In these cases, the toxic amino
acid can be assigned a possible uptake pathway and labeled a “lethal allele” whose

complementation is required for cell survival. Lethal alleles identified in this manner {16
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GAGCAGAGAA. AAATACACATGITAGCAAC, GGAGCTTTTACCAAAAAAGOTTGTITTGT

ATTCACAACCCTGTCTTAACGCEGEI' f TC7/GATOGAGAAGGAA#GATGA. GTTCTTCAAAA GG G A

ATl ' 1' " ATAC3CTGITi * A T GA CTCTC CAGAAG AA ATl " AGGGEC TAAGATAAAG ASANNT 2005

{ ACATAC3r CCCAGCTGGACM "3' C AAGGAAATCCAATAATV\AGATAGQT AAATAI C

TT47 2" GAAT I §35RIAACCATAA. AAAaGCCAGAAAAATTTGr GT GGAGAT TTGACA- iR #GEC

; KTGAGGAGT TAGAGHGT TYATT' TAAAAATAAGGAI TTGCATCCAATQ

GA' I "' 17 AAXAAATGCT" GTAGCAAGAACTTATAAAGATTT! _T[AGAC;}CCAATTAGAAAC A>3ATL ATA A
n{emmgspiale pryno feis atgkeEpA

26 ATCGACGAR TH ERH NG Rt 2l Anpng, CNeRIRR

X GleA
Lo eyt U HRO GRS EATACRT oo
TAAAAAAGATGRETIEAT T TACAAAAT

GCTGGATTTGATAr TAATTATATTCHZ TGGCTGAT' T' TA A T' TTA| ACCA et oxy
COAGAGP' T cﬁ@&et PRGAHER Y SE m@e%’ﬂﬁr aﬁ?fﬁ'a 19 Hptgke

AT TAAR LAY Lo RAT 3 FANTGRES - T GATAACOAT ' 4- 8)
ACACT Gl R A 15@3@3;& CTACCTT AAk)I(]E st Rk 3 Skad Yol %‘GAT%/I

' f ATA 3CARGAGNCRATEAINE ARICEVERAT@RAT @8l allele. Complernentation of the toxic allele,
é;gggAGGTVTAAT%QcACCATTAT,AT]'AJEa%\ém‘ghc‘;/Q —AGE' VeA GSATG ap

ATTCACAA f e v BRG ABAGC 4r ar
PATGACTCTCEATA S AR TTRG e AATARK DAY i Rt et e

W AGT T7 MGAAGk GRdmiple CARIRATEMMcBAIIBBET AAATAC TTCCl ' 1' GAA} A' TCCTTTAACCATA#A
AAGCC3  TTTGAACA

GTTAA ag thin pethdrthe pRILK RAAZ gintgming-foshrlrdenis peid-anglogs ip be 137
02112465 taﬂ:éx?u;}’r‘gr P08 vhBidel, 20minoRkidk 507308 54740 segueReglot esl RNA or

SEQ'"MS I D9 GA GTAGCI GAAGAACPTATAAAGATTTPAGAGCCAATTAG. AAG
AGATTATAA AiitaGEAORNETET AR MGATAAAGAGASHCAD A, GiidE STW ATEmplOREEGAAE G
ghatarnic agid allele at 150 pM. Results from 527 and 547 complementation were in
complete agreement and identified amino acids B, Z, 56, S6{, 861, and 562 {in ﬁdditiﬂn to
15 827 and 847) as being uptaken by cells possibly via the glutamine uptake pathway.
Similarly, complementation of 850 identified B, C, K, X, S60, 865, and 584 as being
uptaken into DH10B, possibly via the giutamic acid transport system.
[366] These findings indicate that the E. coli glutamine and glutamic acid transport
pathways may tolerate significant perturbations in amino acid structure, including side
20 -chain elongation (X and Z), ketone or methylene placement at the y-position (B, C, 863),

- - carboxamide replacement with a sulfoxide {861}, 2 known substrate for a bacterial
glutamine transporter or hydrazide (S47), also a known glutamine transporter substrate as
well as a variety of hybridization changes at the side chain terminus (563, 562, K, S84).
See, ¢.2., Jucovic, M. & Hartley, R:«Rf Protein-protein interaction: a genetic selection for

25  compensating mutations at the bamase-barstar interface. Proceedings of the National
Academy of Sciences of the United States of America 93, 2343-2347 (1996) and Weiner,
I.H., Furlong, C.E. & Heppel, L.A. A binding protcin for L.-glutamine and its relation to
active transport in E. coli. Archives of Biochemistry and Biophysics 142, 715-T7 {1971),

Example 12: Biogsynthesis of p-aminophenylalanine

30 [367] To prodoce the unnatural amino acid p-aminophenylalanine (pAF) in vive, genes
relied on in the pathways leading to chloramphenicol and pristinamyein are optionally
used. For example, in Streptomyces Venezuelae and Streptomyces pristingespiraiis, these

genes produce pAF as a metabolic intenmediate, See, e.g., Yanai, K. and e, al.,
107



27" Wn Syotheunme EGts ' AT TTAAGAGACaCT"i' 1TAAAAAAAG | DOorpora p-0-all -vyi
GAAXAATCLGCTt hCATAGG TTTGANCCAA ? '' O-0 TAA ATACATTTAGGGCA
TATCTCCAAATAAAAAAGATGATTCATTTACAAAJAT t YMSI : 2e i nt oprat Gi n5 T3 0CT 2009
GCPGGATTWAWABASTIEATATTGTI | GCTGA7T' TACACGCCTATTTAI SACCAG, AXKET/US02/12465
GGAQAGTTG=T" GAGATTAGAL yhAATAGGAGA' 1° 1° AT AAGCA

ATGCCCGETT GCCAAAATATCTTI,ATGGAAGT IT T LT, A TGAAT
o T S e e ek RenSe s S A DI BT RAREES, APSTag00, & SeilE
GGAA=ATA : T | + .
ATAATGCAWI Ak TW‘??AT%GIE &g@MJ _I%alysm of genes from

GAGCAa AQAATATAGREAT s e BRnchiiag TRPmEesAnalved fn BEITaQR heE/aMe AACCCT

T AP A o ST AR oL S AT A

CTGGAGET GTHGAAANAT S6AAFAATGGACATAGCTAAA. TAC TTCC
r GAATATCCTTTAA GGCCAGAAAAATTTGGTGGAGATTTGALA GWAAT AGC TAT G AG G

AGTTAG6 AGAGHI]T AT Tivkyreheddpihedy FaTAJOsATeen AFigerd Lt A PEGe]BAPARTGETAIRE
SATGOr, MR IR RPERRIT TA TSRS ORIy |
CLar 1 o A il NP B o
AAAATACAT Tadm chodismaBe, a cell typically uses a chorismate synthase, a chorismate mutase, a
KT GAT ey drogenase, 2., & prephenaie Aehydragense, and an STNG transferase. For cxample,
using the 8. Venezuelae enzymes PapA, PapB, and PapC together with an E. coli
aminctransferase, .., a5 shown in Figure 15, Panel B, PapA, chorismate is used to
preduce pAF.
[369] For example, 4-amino-4-deoxychorismate synthase cenverts chorismate to 4-
15  amino-4-deoxychonsmic acid {compound 3 in Figure 15, Panel B}, e.g., using ammonia
(from glutamine)} in a simple addition-elimination reaction, PapB and PapC, which are
analogous to chorismate mutase and prephenate dehydrogenase, respectively, are used o
convert 4-amino-4-deoxychorismic acid to 4-amino-4-deoxyprephenic acid (compound 4
in Figure 15, Panel B) and then to p-aminophenyl-pyruvic acid {compound 5 in Figure 13,
20 panel B). A non-specific tyrosine aminotransferase, e.g., from E, coli is nsed to convert p-
'""v-'amirkmphﬂny!-pyruvic acid to pAF. See, e.g., Escherichia coli and Salmonella, 2nd &4, ed.
F.C. Neidhardt. Vol. 1. 1996, Washingten, D. C.: ASM Press. For example, tyrB, asp5, or
ilvE 15 optiunaI}y- used to produce pAF from p-aminophenyl-pyruvic acid.
[370] Figure 13 illustrates a plasmid for use in the biosynthesis of pAF. The plasmid
25  depicted comprises S. Venezuele genes papA, papB, and papC cloned into a pSC101
derived pLASC plasmid, e.g., under contrel of the lac or Ipp promotor, The plasmid is
used to transform a cell, e.g., a bacterial cell, such that cell produces the enzymes encoded
by the genes. When expressed, the enzymes catalyze one or more reactions designed o
produce a desired unnatural amino acid, e.g., pAF. For example, proteins PapA, PapB and
30 PapC convert chorismate to p-aminophenyl-pyruvic acid, while an E. coli aromatic
aminotransferase comnpletes the biosynthesis to afford pAF.
[371] Typically, the synthesis of pAF from chﬂﬁsmatc:. in the present invention does not
affect the concentration of other amino acids produced in the cell, e.g., other aromatic

amino acids typically produced from chorismate. Typically, p-aminophenylzlanine is
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p- GGAGAGTTI GATi GAGATTAGAAAAAI ACC, Al ATTATAAC GCAbenzoyl - L-
ATCGGGT7AALKC~GCAAR T+A' 1t " 1i {9007 s
"L"r A 11C, GAAGZTCCZ' 1' CCAGCTTGATAAf i i GA' P' | ATphenyl al amne (p- | cacle 10 o
S(HB)) CO TGAAAA p AAAGGTTGCTGAA-31" T' 14TCThPCCAI 4 _ ATGGAACTTA
TAATGCAGOT ATTATCTGGGCGT GATGTTCCAOTTGOACGGATGG PCTIUS02/12465

Al ' CAGAGAAAAATACACATGTTAGCAAGE ACCAAAAAAGGTTRTPTOPA TTCACAACCCT
TCTTAACGGGHETtadiGATORARARGEA SANEAEGATY BICTaIE ALRAT HERVATRESIS, e.g., a natural

- ATA@TGTT%TGACTCPC‘ CACAAGAGATTAGGGCTAAGA' r' AAAGAA. AG, CATACTGCCC G

Cr+G"A AmONNF BN AR FeghRtEReT s AR AfTReythe concentration of the otfer

o1 ATAGCH PR LA SR TP R er e it o

ATTTAAAAAARLSdBCEEINBUTGAA Tt Atahhér TeA At TT TDHGAGEOAATID T ABAAAGS. Bénkethelas
29ATGCACGAATTTGAAATGATAAAN CACATCPGAAATTATCA QGAAGALAN acyl _t RNARS"
TTAkCar Acﬂbﬁmﬂ-wsa%%k%@%%ﬁwmamﬁ ww*m%@%mﬁn@r -

GoDCoATT TGRSR TP RO B SRR O HEABTRE R et ety o

ali o of p- Microbictogy, 2001 147: p. 2817-2829. Once a bacteriom is transformed with the plasmid

GGAGAGTTGGAT' GAGA' 1t KGAXAAATAGGAGATTATAACAAAAAAERT L' 1TGAASCAzi i do- pheoyl al zn
i i ne comprising the genes used 10 produce enzymes used in the above pathway, and pAF as a

ACACTOAATC BT ALl s B R RN AR e e 9

ATGGAATY TAGHGAAGARABEATERNAASEEIRABGN TTHSEBAAEEIAT GRFESEAA cell growth.

TARTGCAGGT JC COC" TCA7r Nr CXCIECIIGI’ PGATGI TGCAGPTGCLAGGaATGCG .

AGC . AGA TATSEAPAFTIRNA K Relasepgimaiopsche sonipsaiqaef pdiG Godon in a
(4

11 ATAGCT GITEAT OB AR R AT PR e

| TTYGAAGCAARTICEAA EAA DEBAGRTAGThe prvdaLtior of TR FHGEANT ATIEAells that produce a

r AACCATAAAAAGICCAGAANA A~ ' PTTGACAG
concentration G%AF sufEcim%ur protein biosynthesis are able to suppress the TAG

A

15  codon. Atthe same time, one can select for optimal pAF production based on E. coli
growth rates if the TAG-protein is an essential protein to cell growth. Placing the
biosynthetic genes on a plasmid allows the level of pAF produced to be modified, e.g., by
changing plasmid copy number and prometor strength, To determine if the addition of a
pAF biosynthetic pathway affects the production of other aromatic amine acids in E. cofi,

20 -and to quantitte pAF producticn, the cellular concentrations of the aromatic aming acids is

-.: optionally monitored, e.g., by extraction and LCMS analysis. See, €.g., Moss, R.E.,
Methods in Enzymology, 1993, 262: p. 497-499 and Mimuza, H,, S. Nagata, and T.
Matsumoto, Biosci. Biotech. Biochem,, 1994. S8(10): p. 1873-1874

Example 13: Biosynthésis of Dopa
25 [3731 To biosynthetically produce dopa in vive, one or more genes, e.g., hpaBC, for a

nonspecific aromatic hydroxylase, e.g., from E. coli are cloned into a low copy number
vector, e.g., a pSC101 derivative, which is typically placed under control of an Ipp
promotor. This construct produces dopa (2) from tyrosine (1}, in vive, as shown in Figure
20 while not being toxic to the growing cells. Similar work was done with this gene to

30  averproduce dopa for purification purposes. See, e.g., Jang-Young Lee, Luying Xun,
Biotechnology Lenters, 1998, 20, 479-482. H{;.iweve.r, as described above, overproduction is
not typically desived. In this application, a low copy plasmid is used to produce dopain a

natural cellular amount,
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T1TAATAGCCTATGAGGAOTTAGAGAG 1TATTTAAAAI 4ATAACTGAATTGCATCCAATGG ATTT AAA

AAATG C=ACC ' GAAG AACTTATAAAGATTTTAG AG C CA ATT A G A A AGA GAtly CT 0G5

3el ATt OXCGAA 1TTGAAXr aATA, AAC 4GAAACACATCTGAAATTATCACCGACGAAGAG Am hoacyl
t RNAR °  ATWAGRBIIRF GAACCAACT synt het ase cl one for TTAAGAGAGETT!US0R12463
AAAJ4AAGA~ATCT GCZ GGTAA, AATACATTTA&aGC: ATTATCTCCAAATA AAGATGATTGA |1 ZAAAKT

G{:' MGATT' PGATATAQTL" ATA ATITACAL C * CTATTTAMCC . AGMAL he

|t 104C1} C1Y&0 n ck@%&%@iﬁ!&&#@——‘f—h " - o
CCARANT AT A A TR L RAPAACIRIPTRI. BrPonse ek S PAPREABT O
g-gGAACTTATA GA%l A SRR b seeondney rtabelism el AR 2ac

_AATCCTCTﬂwawT@e@aﬁmq mbﬂwiyngréﬂ'lﬁS wa@@mﬂmwmm&ﬁs(mwm Ak

4TACA
TTCACGEAC@‘F@"@’W 2 othyliiagslerapp(GPMERaBeth of them

i A A AN g

xkTATCC= sERANORBe sSEGEHERAGASS iré GAMIAMD 10 tyrosine. However, both

-&

TTAAWAGCPAI | AGGAGTTA! (( 3AGAC3TTTAg TTAAAAAAK TAAGGAATTGCATCCAATGG. Al TTAAAAAA
OCTG Awdﬂ%mﬂﬁ”mmﬂ@ A?WPA@%

mﬂ@\Wﬂl@}WG@iMF GAAAT

ot PR A R e BRI ke

for ' MACA?HWTH Aﬁ‘ifﬂ@ﬁﬂd\f Tﬁé\iﬁatﬂhﬁﬂhﬁmﬁme OEtoAddite
TACAAAAT the in ' TTIJATATAATTATRTTC TGCCTGATTTATACGQCTAaTTAAACTAGA. AA p
GCp ‘GGAt ; Aresigescvots agleeiadfor nautanan angdiecge mugnt KaranesAss asaishe Aicapasrale

ATOMGTTAMY (A RPELRIGTT, IEE ARG thfee hE R LA AT TAT(p- Az- Phasg2o)

[375] In other embodiments, the enzymes used to produce O-methyl-L-tyrosine can also

be artificially evolved, e.g., to produce a meta substitated methoxy phenylalanine as
15  provided in Formula ITL.

Example 15: Biosynthesis of glvcosylated amino acids

[376] The present invention also prevides biosynthetic methods for the production of

glycosylated amino acids. Forming glycosylated amino acids in vivo is optionally
:'peﬂonned in a number of ways. For example, transforining a cell with a plasmid
20 cun;prising a gene fora Nnécctyl—galacmsaminidasc, a transglycosylase, or a hydralase,
¢.g., serine-glycosyl hydrolase, e.g., acting in the reverse direction, provides a cell that
nroduces a gl}fcc;&yla!:ed amino acid. When combined with a translation system as
provided below, the biosynthetic pathway.resuhs in a cell that produces and incorporates a
glycosylated amino acid into one c:-r}mera proteins within the cell. For example, see, e.g.,
25  Figure 28, illustrating the formation of a glycosylated amino acid, wherein R is optionally
an alcohol, an amine, or an N-acetyl amine. An example structure is shown by Formula
1V:
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ACACTGA14TG CTATM ATTGGCT3TTAAA CTACCTPAAAAAGAGCH AGAAGGAGT
ATGGAACTTATAGNAGAGH ATEAAAATCCAAAOGT1IMGCTGAAGTTATCT ATCCAA TANTGG: AGGETRATCC
TTCATTATCAGGDCGT' TGATGITGC, ' AUTTGC hOGGNI GG

AGCAGA WTAGCAA&I&AGCTT TAC TA

RTCACAA TTGGATGGAGAAICY' AA. AGATGAI T!'* CTTCAAA]“EF“HE)"WF
021085923 Segti oeNotest 1(NA or SEQRS ID # GG 4' PTTT' ATAGCP

1TG) 4TGACTCTCCAG k nAGATTAMO4CTAAGA SAAAGAARG CATACTG C: CAGCTI ChG

TG TGAAGOAAATCCAAT3T A" 1YKf 3AGA' PAGCTAAATACT

TCC- r MAATATCCTTTAAGCATAAAAAGGCCAGRAAI VPr 1" GOVGGAGATTT CAG

TTAATABOTATGAGGT4i , ' T" TAGABAI , * TL{PA' | TPAAAAAT+AA{ ' +AATTGCATCCAA' LGG NV
TAAA SATGCTGTAQCTGAAOAACT KTA Av-_ R-TFAGAGCCAATTAGAAAGA Cf A' I TA

32XPGCHC( #AAZ' 1' 1Y~A~111TGl- TAAAG
m noveyl tli IR’ TTAAGACAC, GTr | TAAARASAGALG . A aAATCTTCTA ATA+4G rTT
GAACCAALT synl heCasecl one for ' GC TAAAATATTTA~ATThT

CTCCAAAT dC, NPOATI NATTTACAAAAAT AT
ZACAD CC L AAACCAGA Jkt he incorporati Bh of
WAGAOL' ' GGATGA] ~ATTAGAAAAATAGGAGATTATAAC AAGCAaZ| do- pl umtl aj ani ne A

GGGGT" TAAAI GCAX&AMK T4 ' A7 PheRS{ 24})
ACAC OAA' TGTCPATAGA { '
ATGOAACTTATAGAAGAQBIMMMEBIEEAAAGO | ' TGCTGAACr ATCTATCCAA TAATGCAGG
TTAATCCaCTOCATTA"t ' CxuG P GNPTr DaCAGITGOAG G~-GATGG _
AGCAGAGAAARITRACAIAFIGS EAGEbITAABREACET TS TinQEARAEANRE RIGTHIEET Autonomous
TTCACAA GTCTTAACGGG 2TT OCAGAAGGAAlkGAt GA TCTT AAAAQ. CGAATTTTATA
GCTG. 1T rEeacpaaiural Rrino Agid Apoiebesicroathen s BnEAGT

¥%%%%@W%Wﬁﬁ%ﬁ%ﬂ%m cadon in DNA,

TTAATACCT ATBAGGACT THsBABAM TE A ST at/ANEA A UGN IETOEARGEAT WhEEhABTTNAMBASNECC GT

k GCTGAAGAACTTATAAAL  ATTTTAGA TTAGAAA" GATTA 33ATGACCGATT TCAGCATAAT
TGAOGAGAAGW@Q&AW@ ?‘Er LERGTL B R OT ZRmATEAL PrppiefRsenlythe

ATCCTAATGA t%ﬁ%ﬁ?gf‘ﬁmnn acids. The present invention provides a methed of deterrnining if an
10 expanded genetic code provides any such advantage as well as identifying the type of

advantage and the unnatural amino acid to which it is due.
[379] Since the 19th century bacterivlogists have been interested in the extraordinary
changes of bacterial cultures grown under various conditions. See, e.g., Summers, W.C,,
-1 Hist. Bial., 1991, 24: P. 171-190. However, all forms of evelution have been studied
15 . with twenty amino acid organisms. The present invention addresses the feasibility of
expanding the geﬁetic code of E. coli with unnatural amine acids and provides methods of
testing whether the ability to incorporate additional amino acids provides E. colt with an
evalutionary advantage. .
{3801 To determine whether the aédition of novel amino acids to the genetic code can
20  provide an evelutionary advantage to E. coli. the evolution of a twenty-one amino acid
bacleria is optionally compared to that of a twenty amino acid bacteria. The appreach
combines new sets of translational machinery for incorporation of unnatural amino acids
into proteins with a mutagenized E. coli genomic library placed under selective pressures.
The genetic, selection approach described above and elsewhere by Schultz and coworkers
25  has, thus far, prodoced at least about eleven new aminoacyl synthetases that can
incorporate novel amino acid into proteins efficiently and with high fidelity in response to

the TAG codon.
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CAG AAGGAA SNy TC GC, ATRAGGAG TGGCTCl TOG AGAGOCTTTC

AGAC" pwmmmammmp TS dpkors Grang sutagenybave teen

mﬁ%@%ﬁe@m@@%@m@&%&e@mﬁ% R

TCGT" ATCCGEhohtldatitde iibie RS0 PIaiNvIEWIE 0ld Gpri
TACCI ' CTTCC ACCAC TTCOC, CATTTT+COOC CCAQATAAGT GGOC AATT

AACGGAPACI Mpttideomtaanaisaoahods Ge opiamilyaed since sach mutagen is not campletely

random in its formation of TAG codons, By mutagenizing the same 600 member E. coli

genomic library with four different mutagens TAG codons are typically placed in as many
sites as possible. Four optional methods include, but are not limited to, UV irradiation, &
mutator strain (XL{ red), 4-nitro-quinoline-1-oxide {NQO), and ethylmethane sulfonate
20 (EMS) to mutate the genomic library, and combine them to make one large mutated
gen'-;.‘:mic lik. .es of »1010 inembers. These mutation methods all rely primarily on
forming point mutation but complement each other in the mechanism of mutagenesis
resulting over all in @ more even distribution of TAG codons, UV irradiation and the
mutator strain generate all base substitutions while NQO and EMS principally cause G;C
25 o A:T transitions. Most of the point mutations generated form codons that code for one of
the twenty natural amino acids. Since only about 12.5% of the single point mutations can
form a TAG codon large highly mutagenized genomic libranies are needed. This method
typically generates a feast about 106 mutated copies of each gene with many new
randomly placed codons. The genomic library is then typically checked for TAG codon
30  incorporation by sequencing a subset of library members before and after mutagenesis.
[383] To determine which genes might be improved by incorporation of one of the new
amino acids any of a variety of selective prcsaurﬁ.s are optionally used for screening that
tarpet a range of cellular biology: catalytic functions, protein interactions, catbon sources,

multiple response genes, and broad metabolic functions. For example, selection pressure
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Al +y ~ ~ CCAAAGCGCC CTTGC' AACG ATGA, ACAGOG C U TI 1! 3CA<;§A
GTATGGTOCO CA' TC, TGACGA GGCTCr ACAT CCTCCACGCT GCAGAGTACG ACAGOGIATES 1078
OGACTAGAAG AGCAGAGHAGG TTGAAGGGCT TC3CAAACCAC C CAGGA CT 1CTACAACCT
CGTGAAGGAOW AAGAGGT50G AG kOCTAACLA ACCCFCGACC GG ‘T
OAC3CAGGAT TAAAGGAACT GAGGGAGGCT ATG 3ACAACC TOCA 12485
GAGGGCOGTI 3 AATGCCGCCT TCTTCOAGCT CATGAACGAC OTGAGATOGT ATC POAGGAO
Awwmemmﬂlwerwmmmmemmmmil is

TCC7GCACAT GC ACTP CAADCATGAC AGCTACCTCA OGAMAG
CTACCCAGAA”‘?M e @J@@@Rﬁ%} @%qﬁr%&rt € use

CCGAAACCTT &, Goa T e CABGAART - CAMGAAGE TAG3
TTACAt 1OCTDCC% ﬂu GGAACGTmTAAGGCAG-CE:nAEd,&%%G CGT PG E'CT@%/‘![\'gcﬂ'licaza s
GCATGTT oestm@mnmmnmmwmmm@@a@ 1GAOCTiIvAGBAisNSOTEBEMe! the

AGAACT WT&Q%“C'A AGAA G@jﬁTT CAAAGACAGA %%%{ Aﬂ\% !%AA
AT e YA RS o %@%m TUmdEIPoAR o
Pharmacotherapy, 2001 21(10%: p. 2248-2328; Matthews, D.A., et al., J. Mol, Biol., 1990,
2144(4): p. 937-948; Knox, M.R. and J.E. Harris, Arch. Microbiol., 1988. 149{6): p. 557-
60, McGowan, C.C., T.L. Cover, and M.J. Blaser, Gasteroenterology, 1994. 107(5): p.
10 1573-8; Clark, D.P. and J.E. Cronan, Two carbon compounds and fatty acids as carben
sources, Escheria coli and Salmonella cellular and molecular biology, ed. F.C. Neidhardt.
Vol. 1, 1996, Washingten D. C: ASM press; Slonczewski, J.L. and J.W. Foster, pH-
regulated genes and survival at extreme pH. Escheria coli and Salmonella celinlar and
molecular biology, ed. F.C, Neidhardt. Vol, 1. 1996, Washington D. C.: ASM press; and
15 Ritz, I and J. Beckwith, Anmie Rgv.MfcmbioL. 2001, 535: p. 21-48.
[384) The screening of the mutated genomic library produces a set of mutated genomic
fragments that confer a growth advantage under a certain selection pressure. These
fragments are compared to determine if they are the same found in screens with no
unnatural amino acid present by restriction mapping and sequencing. Fragments that
20 -produce a growth enhancement from an unnatural amine acid selection this fragment are
-, optionally re-screened by comparing growth rate with each unnatural amino acid and
tyrosine suppressing the TAG codon. See, e.g., Figure 21. This re-screening of selected
genomic fragments insures that the unnatural amine acid is the facter in conferring a
growth advantage. For fragments that show a selective growth advantage with an
25  uonatural amino acid being inserteﬁ\intn TAG codons, the gene(s) that confers an
advantage is optionally isolated and identified, e.g., by digestion and subcloning. The
protein can be studied to identify how the unnatural amino acid is enhancing cellular
function. The enhanced protein is optionally purified and compared to a natural protein
with both in vitro and in vivo studies. Standard enzyme techniques are optionally used to
30 study protein stability, kinetics, and its interaction with other biosynthetic pathway

components,
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CTCACA GIL Tt opis GAAAAA thek7noauwkro ium A QAC CCTGATGACA C TC
AGEC +1 -0 u f Tj 0,1 PCTfUSI (2112465 120 r 7 WD 02{ 08592 E@I{qh
S02/ 12- 465 Seu~nCel ~l ot esRNA or SEQ-j!3 I D # CCTACCCCAG TGGT

CACA' r AGGAW AEIASNEGAC C | ' ACACTQIC eucyl LRNA- CCTGATGICT AT®ASIRENES
CPAGAQGATG GAMCC TACA ACGPCCTGIDs}'ii eta [MiA ) TCCC/sTCGCC TQGCATc TCA
CAGGGGECC~CC TGTCA' r AGGG ATAGCGCGGA, GGATTCAGAG GAAGGATCCC T i GACCCTCA
AAATCI " ACAG GGANG AP A f ek AQOATOAGCT TGAAL=I f M Ayr ; TGACCCTG
Ar TACATAG P TCAATA CAGIVE

ACCGGTC GT TATGGAGGAT' ATGGGCECTACT

CCATCCGACT G-GACECGTGAAT T CAAAACCAL CATCECAC O ACAQCACST L T CATACAGST T rmaor
GGCAGATAAG {ﬂ& GAGCE GACCTT" AAO AA GGEGECGCCCA GPTAAKG T| g
ACl GCCCTCA G GAAAAC CCTQTGGG' 1 ACCATGACCT CCTTGAGGGT GAG3CK3GN G

CC ATAAACC‘ 1 o C TG CTCOCAQCCAL CCTTCAG
C CGAC3ACAATC TaEVieas ¥\ eo 5 { Eg%ﬁ% WWMGGGRNA
TGAMCAGST 4GTEAGGAGT CCATANTAAG CAGAQCTGOC QTGGATAAT' ¢ ™

t BAAACT GGAG CT (IEABE A VCOOTCTARDUTCCos CoaNCICTR ATCCGTToTe | HLADOS; an RNA

GTAGCAGTTS QAGS GE ATCCCTTCOC TGOGRCOCR

optimized amber
_ supressor tRNA
3 GLGAGEGTAG CLARGUITGE CLAACGGLGA LOGACTTLCT ARTCCGTTOT HI325A; anoptimized | {(RINA
CETAGGAGTT CEAGHIITOG AATCUCTOOD CTCGUACCR :
AGGA, framshift
supressor tRMNA
4 ATCOACGARTTTEAAATCATRARGAGARACACATCTGARATTATCAGLGAGOARGAG | mutant TyTRS RS

TTAMGHGAGETTTTAAAL RARGAT GARAMA T TGO T AGATAGE TT T TGAM CR AT (LWILE)
GETARRATACATTTAGHGCATTATC T CARATAAAAARG ATGATTHATTIAC LA AT
GCTGCATTIGATATAATTATA TTG T TS G CTGATTTACACG DU TATT TRAAC C AR
BEACAGTTGATGAGATTAGAAAAATROGRCATTATARCARA A L ARTTTTTEARGCA
ATGGGSTT RAAGECAAMAT AT I TTRATGGAAGTACTI TCCAGO T TGATAAGGATTAT
ACACTGAATGTCTATAGATTGGC TTTAAARMCTACCTTARARAGAGC AAGARGGAST
ATGGARCTTATAGCAATACAGCATGA R AATCCARAGG TGO TG AGTTATCTATODA
ATAATGC AT ARTGOAR TTCAT T AT TG G T TG AT T G A T TEE ARG GEATE
GASCACAGARARATACACATATTAGE RAGGG AT AL AL AAAGE TTGTTIUT
ATTCACAACCC TG TC TTAACCRS T PIGGATGGAGR AGCARAAGR TAAGTTCTTCAARA
GCSARTTTTATAGUTEITGATFACTCTCCAGAAGAGATTAGGSCT AAGAT RANGARL
CCATACTAOCCAGC TGEAGTTE T TGARGGARATCCAAT AR TGGAGATAG O TARATAL
TTCO T TEAATATC LTI TAACCAT AR L ASGOCAG A AR AR TT TRCOTGRAZATTTGL A
GTTAGTAGCTATGAGGACTTAGAG AT T TAT T TARRAAT AAGCARTTGC A TCCARTE
GATTTAARARATGC TG TAGCTEAAG AL TTATAARS AT P TAGAGC CAAT TS ARG
ACATTATAA
5 ATGGHCGAATTTRARATGATAAAGACARAC ACATCTGAAATTATCAGCCAGAARGAG | piPr-PheRS RS
TTAMNG AGAGFTTTTAARRAIR AT GARARAT L TGO TGGEATAGCTTI TG AN CARST
GETAARATACATTTAGEG A M TATCTCC AR TAARA ARG ATG AT TG ATTTACARRAT
BTG GATT TGATATAAT TATAT TG T TG TR ATTTAC A GOCTATTTARADCAGR AR
GGAGAGTTGATGAGATTAGAARAATAGGAGATTATARCAAN R A RGTTTETCANGCA
ATECOGTTAARDG. AARATETEC TTATECAAG TCC T T TOCAGC TTGATAAGEATTAT
ACACTGAATGTCTATAGAT TGO T TTAAMMACTAC CT TARMRAGRACH BEH AGIEAGET
ATGGAACT TATAGRAGAG AGG ATG AR A TCCARACGTTGCTGAAS TTATC TATCCAA
TAATGCAGGTTAATAGTTATC ATTATC T TG OO ST TEATETTGC AN T TOG AGGEATHS
AGCAGARGARAART ACACATCTTAGCAAGGGAGCTTTTRCCAA MR P RGO TTTTTGTA
T ACAAC OO TG T TTARCCSE T T TG AT EC AGAAGCARAGA TCAGT T AL R AS
GEAATTTTATAGC AT TEA TOAC TOTCCAGRALAG AT TAGEGCTARGAT ARAGABAL
CATACTECO T RSO TS G AT TTETT G ARG EAR ATC M AATAA TR AOATASCTAAATACT
) TeCTIGARTATCCTTT AACCATAAA ARG OO AGAAAMAT T TCETEGATATTTGACAG
TTARTAGC TATG ASGAG TTAS S ATTTTATTTARAA N T ARGEIATTGC ATCCARTEE
ATTTAAAARATGOTGTAGCTRAAGA RO TTATAARGATTTTAGAG U AATTAGARLGA
GATTA
6 ATGCACGAATTTGAANTGATAAAGAGAALC ACATCTUAANTTATCAGGAAGGARGAG | p-NH,-FheRA(1) RS
TTRAGAGACETTTTANARARAG ATGARARAT CTOCTCASATAGG TTTTRRACCAAGT
GoTAMRATAC AT TAGGGUATTATC TCCARAATARAAMAGATG ATTGAT M AT A RAAT
COTEEATTTGATATAATTATATTE T RGO TEATTT ACACGUC TAT M TAARCCAG AAL
GEAGAGTTOSATGAGATTAZ AR AMAT AGGAGATTATAACARAAAADTTTTTGLAGCA
ATGGEETTARAGGC AAAA TATG T TTATG G AAGTCCTTTCC AT TTC AT AAGGATTAT
ACACTGEARTGTCTATAGATTGICTTT CTACCTTARARAG RGC ARG RAGEAGT
ATGGAACTTATAGARGAGAGG ATGARARTCCAMMGE TTCCTERASTTATCTATCCAR
TAATGCAGGTTRATTGTTCTC AT TATTATGECG T TG ATG T TG AT TG ALGE AT
BECAGAGAAAAATACRCATGTTAGO AAGAGAGCTTTTAL CARARAAGETTGTITGTA
TTCACRACCCTOTCTTAM GAGTTTGOATEEAAACEARAGA TANGTTCTTCARARG
GO AATTTTAT RGO TO T TCATO A T T ARARGAC AT TAGB GO TAMAATA AR AARG
CATAC TG AT GEACT T T TE AR AAATCCAATAATCEOAGRTAGCTARATACT
T T TGAR T AT T T TAACCATAR MR AC T AGAAAANT TTCETEC AGATT TR AR
TTAATAGC T ATG ARG AT AGAGRGTTTAT TTAARRATARGE AATTGCATCCARTED
ATTTARAAAATGCTETAGT TH ARG AN TTATAAAGATT M AGAGCC AATT AGAANG A
GATTA
7 ATGGACGAATTTGARATGATARAGAGRAACATATCTGARATTATCAGCGASGANGAG | pNH;-PheRS(2) ES
TTARGAGAGGTTTTAAMAAMACATGA RAANTCTRC TACTATAGGTTTTHAACCARGT
GETARRATACAT FTAGGGCATTATCTCC RAATASARARGATE ATTCATTTACAANAT
GETOGATTTEATATAATTATATT GTTGECTEATTTACACGCCTATTTARACCAG AR
GEAGASTTGARTOACATTAIARANAT AGGAGATTATALCAAA AR AGTTTTTEAAGCA
ATEGGGTTARRGEC AABATATC T IA TR ARGTACET TCCAGOTTGATAAGSATTAT
ACACTGAATGTCTATACATTGOCTTTARAA L C TR CTTARAAAGAGCARGARGEAGT
ATGGARCTTATAGAAGAGRCGATGARAR TCCAAAGETTGC TG ASTTATCTATCCAR
ARG AT AR T CGT THCA TTATEC TGO TG AT TTGCAG T TGS AGS SATEE
AGCROAGARMAATACACATG TTAGO ARG O AGCT T TTACCARAMAAGETTETTTG TA
TICACARACCCT G T PP AM GEE T TTGEA TG G AG AAGGAAG AT AG TTC TTCAMRAG
GOAATTTTATAGITETTGATUACTCTCL AGARBAGATTAGGGUTAAGATARAG ARG
CAT AT OO AL TOOAR T TO T TR ARGEAAATC AR TAA TEEAG ATACCTAAATACT
T A AT AT T TAAM CAT AR R A RGO CAS AAR A AT T TR TROAGATTTCAC AL
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GCCTGACTT( 5 AGATGGL' CCA
GAATACCGT T} GOC CGGAGAGGS [T
CCACATATAG CAG CAGAGGTAGG
AAAACTAGAT] TCC ATGA. TAAGAT
GAAGOAGGTT CAWGGHTT' AC
GGTGATAGAQ CAGAM-C
AGCCAGEC?I[rr G Y G CTGTr, AATIGC
CaTTCOCC 1G TA(
35MDEPEM 7/ RNTSS ah BELREmT an( R RIR
AGFDI | | LLADLHA A FDH3Y, i 16)
TLMFYRLAL[[S' 1TEZR gAY MWWDVAVGG? | ~QRKI HKLARELJf
$t 3MCVWCI HNPVLTS , AR %@3&@ ATTAT
MMWATMTMHTMMWMGMMGMGGAGT
ATGERACTTATAGRRGAGAGGATGARRA T OO AMGCT TECTGARITTATCTATOCAA
TAATRC AGETTARTACGT AT CATT ATOCTCECGTTEATG T TGO ASTTIGAGGEATES
. AECAGAGAAMAATAC ACATGTTACCAMGRAAGCT TTTACCARRMARMGETTGTTTGTA
TTCACAACCC TR TC PTAAMC GRS T TTREAT GHAGAACG ARG ATGAGT TC TTCAARAG
GEAATTTTATASTTGTTGA TGACTC TCCAGAAGAGAT TAGCAC TAAGATAAAER AAD
CATACTOCOCAGCTRGAG T TET TG AAGGARATCCAATANTGRASATACGCTARNTACT
TECTTEAATATOOTTTRACCATAAAA G GUCAGARIAAT I TG AGATTIGRCAG
TTRATARSCT AT GACGACTTAGARAGTTT ATTTAAALATARGGALTTGLATOCALTGG
AT T ARAANN T T T AGT TOAAGARCTTATAAMGATTTTAGAQCCANTTAGARRCA
CATTA
11 ATGGACGARTTTG AR TGRT AR ARG AR AEATCTGARNTTAT C AGCCAGGRAGAG 0-Aliy)-TyrRS(3) RS
TTAAG AGROOTTTTAALAARNGATGRAAM T CTGCT O T AT AGE TPT TG AACCARGT
GETARARTRCATTTAGEGCATTATCTCCARATARARARGATOATTOATTTACARART
GCTGGATTTGATATARTTATATIGTTEEC TRATT TACACDCCTATTTAAACCAG AN
GoAGRETTGGATG AGAT TAGARARATAGEAGATTATAACRARA B AGTTTTTEALCCA
ATECEGATTALAGGCANAAT ATGT T TATGGAAGT AT T TOCACT TTGATANMGATTAT
ACACTGALTETC TATAGATTHACTTT AARPACT A TTARARAGAGL ARG ARGEART
ATGGRACTTATAGRATAGKIC AT CARARTCCARARG TTEC THAAGTTATC TATECAR
TARATGCAGG AR TAATACGC ATTATSGECECOTTHATITTEC AGT TG AGTZATEE
AOCACAGRARART MCAC R TETT AGCARMGGAGCTTTTACC AR ARAAGOTTETTTGTA
TTCAC AN COTGET CT TAM GGG T T TE A TG AGANGRAA AGA T AGTTCTTCA ARG
GEAATTTTATAGC T TR TG AT TCCAGAAGAGATTAGGEC TRAGATARAGRAMG
CATACTCCCCAGCTRGABTTG T TELAGGARATCCAR TRAA TG AG ATRZCTARATACT
TCOTTGARTATCCTTTARCCAT AR AAAAOCCAGARAAATTTOGTHARIATTTGRTAD
TTAATAGCTATGAGGAG TTAGAGACTITATPTAMAAATAAGGAATTOL ATOCRATGE
Aﬁimmmmmmnmmmcmwmm
GR
12 | ATSCACGAATTTGARATGATAAAGAGAAACACATC TGARATTATCAGCGAGGRAGAG | O-Allyl-TyrRS(4) RS

TTALGAG AGGTTPTARARARAGATCARA L AT TGO TACIATACGT TTTGARCCARGT
GETAAARTACAT T AGGGCATTATC TCCARATAAAAARGRTGATTGATT TACAALNT
GoIGSAT T T ATATAATTAT AT IO M TGS TEAT T TACALGOCTATTTAMA DU AGARA
CERAAGTTGGATGAGATTAC AL ARTAGOAGATTATARC AARAAARTTTTTEAAGTA
ATCEEETTAAACGIAAARTATETT T AT G ARG TC AT TTCCAGC TTGAT ARGSATTAT
ARG AN TATAGATTGGCTTTAAAAACTACCTTAARR A G AGC ARG ARGG AT
ATOCAACTTATAGARGAGCACGATGAAAATCC ARG T TR TG ARG TTATCTATCCAA
TARTGCAGGTTANTCMIACTC AT TATAAGSSCGTTGA TR T TG CACTTREAGEEATES
ACCAGAGARAAATACACATGTT ASCAMEGECAGC TTTTACCAAAAAMCTTETTTETA
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CHTACTGCECAGC"EGAGTWPTGMGGMAT COAATAATGEACATAGCTAAATACT
e TGAATATCCTTTRACCATAALRAGECCAGAR LANTT T TGGAGRT TTEACAG
TEALTAGCTATRAGGAETTAGAG AGTTTATTTARAAATARGAAATTGCATCC AR TG
AT TR AAM A TG TETAGCTGRAGAACTTATAA AGATT T TAGAGCCANTTAGARAGA
GATTR

14 ATGGACGART TTGAALTRATARAGROAMNACACATCTGARATTATCAGCGAGGAAGAE | n Ax PheRS(T) RS
TTLAGAGACGS PTTAAAAMLAC AT GA AR AATC TGO T TAT AGGTTTTE AR AMIT
GETAARATECAT TTRGGGCATTATCTCCAAATAAAAR AOATGATTGATTTACARART
BTG GATTTGATATAATTATAPTATTGEC TGAT T ACACGCCTAT I TARACUAGARLA
GGAGAOTTGGATGAGATTAGARL A AT ACCAGATM ATARCRAAARAGTTTTTEAAGCA
ATGEEATTAMGECARMAR T ATETTTATIGA AMTEGET TOCMGC T TGAT AASSATTAT
ACRCTSAATGTC TATA AT TEGCT T TALA R A D TACCTT AAAR AGACC AAGAAGGAGT
ATGARAACTTATACAMEACRGG AT AN AT CARAGG TTFCTEART T TATCTATC AR
T ATOCAGETTAATRTEA T AT T ATGA TGO T TEATH TR ACT T RAC S E AT
ROC ARG A AP AT A M A TG T TAGCAASCAASCTTTTACC A AR A A ARG G PTG TA
TTCACARCCC TG TC T TARCGGE T T T CA T RAGARCE ARMRGATZAGTTCTTC ARLAG
GRAATTTTATAGC TG P T AT ACT O T CAG ARG G ATTAGGI I TEAGKRTR A AGRANG
AT AT CC ARG e TSRS TT T TEAA S AAARTOC AATAATGGAD ATAGET ARN TR LT
T TGAR T A TCC T T TAACC AT AR AR R CAGRAAM AT T TEE TG G AGATTT GACAD
TTAATACC TATCACGAS T TAGAGASTTTAT T ARARATAACOAATTCCATCCRATEE
ATTTARENA T TG T A TGARAGAACTTATARAGATTT TASACSTCARTTAGKNAGA
GATTR
15 ATGEACGAAT TTGAARTAATRANGAR A A A A ATC TGAAR TT AT CAGLGAGGAAGRSE p-Az-PheRS(3) RS
TTARG ARG TTTTARAARAAG AT AARAAT A CTERAAT AGE T TTTEARC T AAGT
OETAL R AT AT T T A AT T AT TCCARATAARAL AOATGATTGATT TACAARLT
GO TGGA T TGAT AT AR T TATAT T T TRACTEAT TTACACGCCT AT TARRCC AGAAA
GGAGAUTTORATSACATTACAAR AT AGEAGATTATAA S AAAARAGTTTETCAACTA
. ATECRETTAARGOARAATATGI T T ATGEAAGTACT T TCCAGIT TEATARSGATTAT
ACROTEAATF IO TATAMSATTEROTTTRARRACTACS |, AARRATACCARGRAGEIET
ATGGAACTTATAGAAGRGAGANTGARRATICAMGL . PECTGAAG TTATCTATECAR
TAATECABETTAATACGTAT AT TATECTGEOGTT  ATFITGCAGTTEEAGEERTEE
BOCAGACAARRATACA ATETT AGCARGGEAGCTT s TACCAR AR ACGTTOTTTETA
TTCAC AT G T T AR R TT TG AT CRACAASGABACA TE AT TOT T U A ARAL
GEAN I TAT AGC T ST TRATGAC T, T CAGANM AG AT T ACGECT AAGATARAGAALS
CATACTECCCAGCTROAG T TOT TG AR AR PO AATAATEGAGATAGO TAART ACT
FOCT IO ALTATC O PTTAM AT AR RA AGSCCARAAA LT T TGATGEACATTTSATAG
TTAAT AT AT GAGGAGTTAGAGART TTAT TTAAM AT ARG CAATTECATCCARTGE
ATTTAAARAATGCTOT ACCTE ARG AN TT ATARAGATTTTATAGOCART TRAARNGA
GATTA
16 ATGEACCANTTTGAMATGATAARGAGRAACACATCTEAMA I TATCAGCUAGGARGAG | p-Az PheRS(5) RS
TTAAGASAGE T TTTAARAAAACATGARAA AT TECTOPGA T AGE TP TGAAC CARGT
SETARARTACATTTAGOEC AT TATOTCC AL AT ARARMAGATGA T TEAT T TACANAAT
GCTGEAT TP ATATAATTATA T T T CaC TG AT T T AC A GO CTATTT ARAC T AG AAR,
GEAGROTTGOATCAZATTAGAAMAAT AGSAGATT ATARCAAAA A AGTTTTTRARGCA
ATCCOOTTARAGG T ARRAT AT T AT GG AAGTOCE T TCC AGC T TEATLARGATTAT
ACMC TG AN TG TOTA AL ATTGGCTTTALANACTACCTTAA R A ASAGC AT AMGGACT
ADEARCTT AT AMGAAGAGRGGATGAAARTCOAAAGRTTECTEARGTTATC TATCCAR
P AA TG AGG T TARTCAGA T T AT T o T AT OO BT TEATE PTG O ACT T EAGGGATEN
AGCAGAGRAARNTACAC A TETTAGC AAGIE AT TTTACC AAMMAGTITHTTTGTA
TTCACAA T T TTAR T M CCATGHAGRAG G AAAGATEASTTC TTO AAL RG
CORATTTTATASC TG P ISA TG R TETCCAGRACACATT AGECCT A ACATARAG ARAG
CATACTCCCCAGC TREAATT O T TG AASEA AATCC AR T AT GEAGATAGCTARATACT
TCCTTGRATATCCTTTAAC CATAA AR A GGCC AR AR A AT TR TOCAGATT TG AL
TTART ARG T AT AGGAGTTAGAGAG TTTATTTAARAATAMGEA AT TECATCCARTGS
Ammmmcmmmmmmthmmcmwmmm
GATTA
17 ammmmmmmmmcncmcmmrrmcmmmamm Mutant synihetases 1 RS
TTAAGAAGGTTTTARARLL AGATEAN AMATC TGO TCACATAGE PTG AR TARGT incorporate m-acyl
GOTARRATAC AT T TAGGEC AT TA T T AARTARARAACATCATTCATTTACARART - -acy
GOTEEATTTEATAT AR TTATATTETTGSCTGATTTAC ACGCCTATTTAAANCAGAAA | Phenylalaning into
BGAGAGTTGGATFAGATTAGARAANTAGCAGATTAT AACAMMNGTTTTTGAAGCA | proteins (Ketone 3-4)
ATEGEGETTAMCECAARATA TOTTTAT S AAGTEAAT TCCAGCTTOATAAGCATTAT
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ATGEARCTATAGCAACAGAGEATCALMA TCCAAAGOTTACTGAMG T TATCTATOCA
RTAATGCAGRS T AMNDGATATTCATT AT T T AGEC G TIGATE T TR T TIRADSL AT
GACCAGAGARARATACACATETTARC AAGGUAGC TTTTAC CARARAA GO TTGTTTGT
ATTCACAACCCTATCTTARCGEG T TEG A TEEAL A ARGAAAGATE ACT TC T TCARAL
GEEARNTTTTATAGC TGTTEATGACTC IO AGAMS AGATTAGGOCTAAGAT AANGAAR
QAT A TG A TEGAO T TATTEAL GG ARATC S R AT AT CAAQ ATACO TARATAD
PO C TTEAATATCCTT T AM AT AA A AACECC G ARARN PTTCETGRAGAT TTGACH
GTTAATACCTATG AGGATTTAGAGAGTTTATTTAAAA R TARGCART TG CATCLAATS
GATT AR RA T T AT A TEAAGARS T ATAR RO ATTTTAGAGCCAATT AG AR
AGRTTHTAR
20 | ATGGACGARNTITCARATGATAARIAGRRACACATCTGRAATTATCAGCGAGGARGAG | Mutan! synthetase 1o RS
- T AGHAAGETT T TARAAARACA TR A A A A T TGO T TAATAGE T T T TEAACC ARAGT ineo Fate m- 1

GETAA AT ACATTTAGGGCA TP AT TCCAANTARADARGATGATTGATT TAC RAMAT Tparale My
GOTGGATTTEATATAATTAT ATTS M EAC AGAT TTARAAGCCTATTTARACCAGARY | Phenylalanine inta
OGAGAGTTGGATCACATTAGARPARTAGGAGATTATAACARAARAGTITTTGAMSCA | proteins (Ketons 5-4)
ATEOGETTARRGGC A AARTATCTT T T GARG TGAAT T AGCTTOATAAGHATTAT
ACACTCAATGTCTATAGATTGECTTTARLA AACTACCTTARAAAACAGC R AGE ACCAGT
ATGGAA TTATAGCAAGAGAGGATCAARATCCARAGG TGO TGRAGTTATCTATCC A
AT AATGTCACTTANTATARTTCATTA T T TAGEOG T TOATGTTGTAG T TECAGEENTS
OAGCAGAGAARMTAC ACATATTAGE AMGGEEAGE T T ITACCARAARAGETTATTTT
APTCACAACCCTGTCTTAACCEC T TCOATGEAGARGEAAREATGATTTCTTC ARAL
GRGARAT T TATAGC T TGA TGRS T CAGAAGAGATTACGEC T AGA TAARG ARR
GOATACTRE MGG AGTTET T G AR A AT A AT A AT AR T AGCTARR T A
TTOCTTOARTAT OO T T T AN T ATAAMIGICC AGAR A ATTTACTCCACAT T TGACA
OB AT GC TAT A ARG T TACAMIAG T T TATT T AARRAT ANCGER ATTRC ATCC ARG
GATTTALARART GO TG TAGCTEAAGE B TTATARAGATTTTAGAGCD AATTAGAA AR
AGATTATAL _
21 ATGGACCARTTIGAANTGATAAMGAGAAACACATCTGAAATTATCACCCACRARGAG | Mutant synthetase to RS

TTAAAGAGETTTTAAAARAAGATCARAANTCTGCTCTAATAGOITTTEAACCAAGT | incoo e ' g
GETAAAATACATTTACGGCATTATC T CEARKTAMAARACATOATTCATTT ACAARKT > m-acy.
GCTGGATTTGATATARTTATATTGTTGCCAGAPTTATCAGCCTATTTAAACCAGAAR | Phenylalanine into
COAGACTTGGATGAGATTAGARAAATACGAGATTATAACRARARASTTTTTOAROCA | proleins (Kelone 6-8)
ATGOOGTTAARGECAAAATATETTTATGCAAGT G ANTTCC AGCTTGATAAGGATTAT
ACACTGAATGTCTATAGA TTGGC TP TAAARAL TACCTTAAAARGAGC ARG ANGEACT
ATGEAACTTATAGCARMAGRAOCATG A ALATCC ARG PTECTCAACTTATCTATOCR
ATAATGCAGGTTAATGATATTCATTAT T TACCOG TTGATG T TCCAGT I AGGEATE
GAGCAGAGAARAATACAS ATGTTAGCARGAEACCTTTTACCAAAAAAGGT TG TTTCT
BMPCACAACCOTETCTTAACC GG M GE A TG EAS AAGRARAGATGAGTTCTTCARRA
GEEARTTTTATAGC TG TTEATEACTC TOCAGRAG AGATTAGBACT AARATAAAGRAN
COATA TGCCC AGC TEGAF T TG T TARAGGAARTCC AN TAN TGRS ATAGT TARATAC
T CCTTGAATATOCTTTAACCATARAA AGGCC AG AAAARTTTOGTGGAGAT ITGACA
GCTTAATAGOTAT G AGAC TT A AGACTTTATTTARARATARGCHATTGCATCCARTG
GAPTTAAARAATGC TG TAGCTCARGAACTTATA AAGR TT T T AGAGCC ARTTALAA NG
AOATTATAL
37 | NTGGACGAATT TGARATOATAAAGRGARAL AL NICTEARATTATCAGCGAGGAMGAE | Mutant synthetase 0 RS
T AN ARG I TTARRRA B ACATG A AR ARTC TGO T S AR TASGTTTTCAACCANGT inmrporale M=

[Watcms E‘Eﬁgm 1}Sl OLQ
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AWACAACCCI‘GTCTTAAEGGGTTTGGATWGMGGMAGATGAETIETTCM
OEGAATTFTAT A TG T TEATGAC T TCCAG AAGAGATTAGEOC TAACATARAC AR L
GCATACTGOCCAGTTEGAG TCCAATARTOCAGATAGCTAARTAC
TTCCITGAATATUCT T TAACCATAR B ARG GOCAGR ARANT T TG GG AGATTTGAC A
AT TAAT ARG TATEAGGAG T TG AGRG TTTAT T TARAAR T ARG A AATTECATCC ARTS
gnmigzwmcmmmmmmmmmccmwmm
24 WICEACGAA T TR TG AT AARB A AR A RO AT C T G AR TTATCAG CaAGGARERG Mulant synthetase to RS
TTAACAGRGATTTTAARARRACATE M RATOPECTAC ARTAGET T T THANCCARST imm -
GOTAAMATAC AT TTACGECATTATCTCCARA TAMRARAUATARTTCGATTTAC AR ART
GOTGGAT T TG ATATAATTATATTETTEACTEAT T TACM CUCTATTTARRC CAGARA mtumxl'
GoARAOTTCOGRTCAGAT TAGAM AATACGAS ATTAT AN ARARANITTTTTGARICS phen:.r];a]aning inlo
ATGGECTTAARCGC AR AA T TETTTATGGAAGTATFT TCCAGCTTRATANGGATTAT pmteins {OMe 2N
ACACTG AN TG T T ATAGA T TG TTTAAR AACTACCT TAAAARGAGCANS RAGS AT
ATRGARCTTATAR AAGACAGCATEE A A ATCCAMMCGE TTGUTGARGTTATCTATCCS
AT AN A GT T AR T T AT ACAT TAT R ACGGCETTGATATTOC AGTTEISAGEEA TS
GAGCAGAGAMSATACACATGTTAGC BAGCEACCTTTTAC C A A RAARGETTETTTGT
ATTCACAACCC TG T T TAACGE G TP TG EAT A MGG ARRGATHAGT TCTTCAAL R
GEGAATTTTATAMCTGTTGATGACTC TCC AGAAMGAGATTAGREACTAAGHTI A ACARE
AT A TR O A e TG AG TG T TG AAGGARAT CCAAT AR TEOACAT AT TARATAE
e T TGAATATCC T T TAACCAT AL A ANIGECAGA RARA T MGG TG AGATTTERC A
_ GTTAATAGCTATEAGGAGTTARACARGTTTATT TAAARATANGGAA TTRFIATCCARTA
GATTTAAAARATECTGTAGCTRAAC AR PTATARM GATTT TAGAGCCARTTAGH AR
AGATTATARE
25 ATGEGACCALTTTGARATGA TAARGAGARAC ACATCTEARATTAT AGCGAGTA MG AL Mutant g}lut_hgm ] RS
TTAAAGAGETT T ARAR AR RGATERAARA T TECTCRARATAGGT T T I GAAC TART incorporate m-
GETARRATACATTTAGGGCATTAT CTCOR AATA RAAMAG ATGAT TGATT TACARAAT
GUTCGATTTGATAT AATTAT AT TG T TE L AGAT PTACACGUCTATTTAARCCRGAR R meﬂmx}r
QAACLOTTECATCAGATTAGAARANTAGUACATTATARCAARAARGTTTTTGARGCA | phenylalanine inio
AIGCCGT TAMGGCAAAATATATTTATGOALGTGARTTCCACCTIGATAMGGATTAT | proteing (OMe 4-1}
ACACTGARTUTCTATREATTCECTTTARAMACTACCTTARAAAG AGC ARGARGEROT
ATCOAACTTATAGCARME M MGG TS T AN ARGET T TOAAGT TATCTATCCA
ATAATGCAGETTANTGATATTOATT A AEGESTTHATITTGACGTTATACCGAATS
GAGCAGAGLAALATACACATET TAGT ARG AR TTTTACCARARAAGATTGTTTET
ATTCAC RS CTETC T TAACGEGTI MGG ATGGAGARGGAAACATREAGTTOTTOR AL
COGRATTTTATAGC TG T TGATGAC T T CAGALGAGATT AGCCCTAMATAANS AMR
AT T O AT TGRS T T T FERAGG AARTCCARTAA T ACA TAGCTAA B TAC
T T T GAATATCCT TTARCCATAAAAAGGACC AGKRA AR A TT IEETGCAGATTTGACA
GTTAATAGC TR MGAGGAGTTRAGAGAETTTATTTAR AMATAAGTARTTGCATCCAATG
%mWNWAGMMMATMWMMCMWMM
26 ATGCACBANTTTGAARTGATAAMAAGRAACACATCTEAAATTATCAGOGAGGAAGAG | Mutant synthetass to RS

TTAAGAGAGITTTTAAARA A AGRTEARARATCTGCICACATAGETTTTGARCCAAGT
GETAAAATACATTTAGGRCATTAT CTCCARATAAARAAGATGAT TEATTTACARAAT
LT CRATTTGATATAR T TATA T TG TTGGCTGRTTTACACGCCTATTTARACCAGAAR
GUAGAGTTGOATGRGATTAGARAAA TAGIAGATTATAAC ARMAIAGTTTTTHARGCA
ATGGLCTTAAGECAARATA T TI TATGLAASTGCATTCCAGCT TCATAMAGGRTTAT
ACACTGAARTFICT ATAGATTGOCTTTAMAN TACCTT AAMIAC AGC ARG AN AT
ATGGARCTTATABC AACAG AGSATGAAAATCCARAGET TGCTEARCTTATCTATCCA
AT TG ACGTTAATGEACALCATTATATAGACGTTEATCTTRCASTTGRAGEGATS
GAGCAGAGARAMATACACATOTTAGC MGG AGCTTTTACC AAR AN AGSTTETTTET
ATTCACAACCCTETC TTAADGEET TTHFIATIGACAACGARAGATGAGTTCT T AR AR
GEEANRT TR AGC TG T TEATGAC T CTCCAGARMGAGAT T ACGEET ARGAT AR AGAAA
GUATACTECCCAGCTEGRGTTORTT G MG AAATCC AR TAATRGRGATACCTAARTAL
TTCOTTEAAT AT COT T TAACCA T ARASAGACCAA A AR A KT PTRETGGAGATTTGACK

GTTAATAGC TATGAGG AT TT AGAGRGTTTATTTAAA A AT AAGERA T TGCATCCARTG

MeOTpoOralE m-
methoxy
phenylalaning into
proteins (Obe 4-8)
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ATAATGLCAG Whﬂ TTTAGGOET TRATGTTACAGT TEGAGGEATE
GAGCAGAOAARARTACACATGTYAGC AAGGAAGCTTTTACC ARARAAGG TTATTTET
ATTCACMACCCTETC T TRAADGGETT TAGATHARGAAGGAAAGATCAGT TTTTCARAR
GoOARTTTTATAGCIGTTEATGACTC TCCAGARGAGAT TAGOGC TAMIATARAGRAR
GOATACTECCoAGCTRGAGT TG TTG AR GGAAAT T CAATAN TG AGATRCCTARATAL
TTCCTTRRATATCCT T TAACCATARAAA GECCAGRAALAT TTGETSEAGATTTGAC
GTTARTAGC TATEAGGAGTTACAGRATTTATTTARAANTARGOARTTGCATCCANTS
GATTTAARRARTECTETAGCTGANG ARG TTATARRGATT T TAGAGT CRATTAGRARG
AGAT'TRTAR
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ATGEACGARTTTOAATOATARAGRGEAACRCATE TERAA T TATCASCE AT AAGAG
TTAAGAGAGCTTITARALAARAGATEL S A AL CTRCTHETATAGSGTTTTGAR CANGT
BETALAATACATTTAGGRC AT PR CTCCARATAAMAAMSATOATTCATTTACAAAAT
GO GCATTTEATATARTTAT ATTET AN TG AT T TACACECCTA T TTAARCCACARA
GEAGAGTTOCATOAGATTAGARRARTAGGAGATTAT ANC ARAB AAGTTTTTGAAGC A
ATGEEETT TATGTTTA TEGARCTTOC TTCCARC TTEATAAGGATTAT
ACKCTOAATOTCTATAGATTHEC T T TAAMMAMC TACCTTARAARCARC ARGANGAAT
ATGGAACTTATAGARCGARRCOCATGALN A TCCARAGE T TGS TEARG T TATCTATCCAR
TART GO AGE T T AR TACOAGT AT TATE TAGAC T TG ATG T TG AGTTGHAGRGA TGS
AQCAGAGAARARTACAC AT TAGCAAGEGACCTTTITACCAARAARCOTTATTTETA
TrCACARD T TS TTAACG G T T THEATGEAGANMG MAAGATG AGTTOT T ARARG
GGEAATT T ATACGCTETTGATGAC TCTUC AGARG AGAT T AT AAS ATAMG RA ARG
CATACTGC O M MG AT MG T T AL EAAATOCAR TRATGGAGATAGCTAANTALT
TOCTTGAATATCCTTTAACC ATARANAGL OO ACAAR ANTTTOETGEACATT TRACRE
TTAATRGO T ATRAGEAG TTASASAFIT AT T AAAR AT A ACGAAT TOCATCCAATOR
ATTTAAAAAATGCTETAGC TRAROARCTTATAAAGAT T TTAGAGCUAATTAGARMG A
GATTA

Amincacyl (RMA
synthetase clone for
the incorporation of p-
benzoyl-L-
phenylalanine (p-
BpeRS(HE))

RS

29

ATCGACGAATTTGAARTATANACAGA AACACATCTEARATTATCAGCGRAGAEARGAG
TTAAGAC MGG TTTTARRANRAGATG AR AATCTACTROGATAGGTTTTOAACCAAST
GETAANATACATTTAGEGCAT TATC TOCAARTAAAMAACATCATTEGATTTACALALT
GUTGEATTTGATATAAT TATAT TG T T A TEAT T TRCADGCCTAT TTARRC CAGRAN
GGAGAGTTGCATGRGATTACARAAATACCAGAT T ATAAC ARARIMAGTTTTTEARGUA
ATGAGETTARAGGCAARATATGTT TATGC ARG TARTTTCC AGCTTEATAAGEATTAT
ACACTGR AT CTATAGATTGGL T T TAARAR C TACCTTARAAAGAGC AAGAAGG AGT
ATGEARCTTATAGAAC ARG ATEAAAR T CCARAGET TGCTGANGTTATC TATCCAR
TRATGCAGETTAATCOGOITCATT ATCARGEC GTTEA T TTEIAGTTGROAGEIATEE
AACRGAGRARAATAC ACATGTTAGC ARGGEAGC TTTTACCAAARMANCOTTETTTATA
TTEAC A O TR T TTAACOLE T T TH AT GEAG AN AR MG ATGAGTTCTTCAA AMG
GGARTTTTATAGCTE T TG ATEACTCTCCAGE AGAGR T T MAAACTAAGATAAMGAAAG
CATACTGLCCASCTGEAGTTC T TRAAGE ARATC CAA T AR TERAGATRACTAAATALT
ToCTTGAATATCCTT TARCC ATAAARAGHICOAGA MM TTEOTGEAAATTTCACAC
TTAATAGCTATGACEANTTAGASAGTTTATTT ALARATAAGGRATTGCATCCAATEG
AT AAMAANTGCTETAGCTGARGANC TTATARAGATTTTAGAGCCARATTAGRAMNG
GATTA

Aminpacyl tRMNA
synthetase clone for
the tncorpomation of p-
azido-phenylalanine
{p-Az-FheR5(3))

RS

30

ATGGACGAATT PGAMATGATAMGACARACAC AT CTEARATTATC A GASGARGRG
TTAAGRGAGUTTTTAAAAAAAGATEAMAAATC TEC TADGAT ACGTTTTCARCCAAGT
GETAARATACATTTAGGEC ATTATCTC CAARA T AA AAANCATCATTGATTTACAAAAT
COTEGATTTEATATART TATAT TR T TG TEATT TACAC SCCTATTTAARC CAGALA
GEMAGTTGEATGAGA T TAG AR MATAGGAGATTATARCEARM AACTTTTTGARGCA
ATGERCTTAAACECARAATA T M T TATAG ARG T M I T CCAGCTIGAT ARGEATTAT
RCACTGAATCTCTATAGA T TGS TT TAARAACT ACCTTAR AAAGARC AAGARGCRGT
ATGEAACTTATACAACARROCATEAR AT D ARAGUTTGC TGARGTTATC TATCCAA
TAATGLAGETTAATCC IO T TCATTA TERGGACHT TEATATTEC AGTTEERAGRG ATES
AQCAGKGAANAATACAC TG T TAGC AACSGAGCTTITACCAAR AAARGTTETTTETA
TTCACAAC OO T T TTARC GRET TG A TGS AGANGA A ACATAARTTCTTCARARG
GRAATTTTATAGCTEITGATER S PO T CAGAAGAGATTACCOC TAAGAT RAAAARG
CATACTEOCCAGC TCRAGT T T THRARAGARA TCC AR T AR TEEAGATAGCTAAMATACT
T IGAATETOC T TT AR CATARAR RGO AGARRAN T GETGEAGATTTGACAG
TAATAGCTATGACGART TRGAGAET TTATT TARRMATAAGGRATTGCATCCARTEG
ATTTARAARRTGCTETAGC TCANAACT TAT ARAGATTTTAGASCCAATTAGRANGA
GATTA

Amincacyl (RNA
synthetase clone for
the incorpotation of p-
azido-phenylalanite
(p-Az-PheRS(E)}

RS

31

ATEGALC AT T TG ARATG AT ARAGEG AAAC ACRTC TRART T BT CAGCORGGAAGRE
TTAAGAGAG TT TTARMRAANGATEARAART TG TCTT AT AGETTT IGAACCAAGT
GETAARATAC AT TTAGEICATTATCTOCRAATAR A AR ATEL TTOATTTACARART
GCTGOATTTUATATAATTATAT TS TEECTHATT TACACGCCTATTTARACCAGARA
GEAGAGTTERATEACATT RGAAARAT ACGAGATTAT AR AAARAAGTTITTGAAGCA
ATCEGGITAMRGGECARRAT ATGTTTATZEAAGTACT T TCC RGO TTU AT RACCATTAT
ACAC TCAATE T TATAGAT TG GOTT T AAR A TACC TTAAAR ARG AGT ARGALEGRET
ATGCAACTTAT A AAGAGAGE AT AAAATO ARG T TG TGAAGTTATC TATCC AR
TRATECAGSTTAATCCGATTCATTATCAGECOTTOATGT TR ARTTGHARGGATGE
AGCRGAGPAMNAT M ACATRTTAGC ARG AGUTTITACC MARAAGET TGTTTOTA

TTCACAACC ST TTAA COAET T TEATEGAG AL R AR AGAT GRGTTC TTC AN LA

Amingacy] tRNA
synthatase clone for
the incorporation of p-
azido-phenylalanine
(p-Az-PheRS20}

RS
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DLENAVASEL |3PS| e bz 5 S f&ﬁf{'m L | RS
RLREVLI Q{ DEKSAT] P CENETERA TG TEEC A ﬁgﬁgﬁh t| { ehdaec: ek
AGFDI | | LLADLHAW&N@‘{@LDEE S CNhCEIFRSGE: S SAMGSVEFQLMZZY | ncor pdrate m
' SLKRA] i RSNELI ARGEARERA RIS m&m W TENVYRLAS,
EQRKI } CPI [LARRLLIR @% 5B :h T3 I KKt t hoxy
AYCPAGWEGNL' | NBARYE. = LHFMVpI nyl a grsine
into DLKNAVAEEHW mmmc iﬁé’«?}‘
GAATTTAOCG TTATARAGTT CAGGUTTGAR GATSGAGACC TCATTITCOCC
CTETGCRACT CTOCETCCLCE MRACCGTETT TGEUETCACG AACATCTEGA
TRAAGUCGAD AACTTACGTA ATTGCCCAGA TGEATEGCGA ARMTGGTIT
GTRACGCAAAT ACGGCTTACGA GRAGCTCACC TACACGGAGA AAARIGTCAG
FOTEOTERAS GAGGTIGATS CGTCCCAGTT CTTOGOCAME TACOTCATHO
TCCOGLTOET MAACAGARAR GTECCARATIC TGOOTGECAGRR GTTTSTTGARC
ACCGACAADS CARCAGGAST TOTGATGAGE GTTOCCGCAC ACGUTCCTTT
TGACCTGECT GOCATTGASS ACTTGAAGRE AGAOGAGGAR ACGLTOGEOGER
WETACGEALT TEACAAALOC QTTOTAGACA GCATHLARGCY AARTRGTTCTS
ATTARGACDS ACATTGARGE TOTTOOTGOT GAGAAGCTAA TAAGAGAGCT
TEGAGTEARG AGFOCAGRAGE ACARGGAGCT GUTGGATAMS GUARCCARGDH
COOTOTACAR GANMIGAGTALD CACACGRGAL TCATICTEUA CALCACGLTE
AADTATGOTS GARTGALMGT TTCTCGASGOG AMGOAGAGAS TTCATGAGSA
TTTEETTAAG CTTEECTTEE GEGATGTTTT CTACQAGTTT MGCGERGARGS
CCOSTAATCTE CAQGTECECA ACSAAGTGEOC TTGTTAMAGET TGTTAGGGAC
CASTEETTOC TOARCTACTC {TARCACRGAG THEAARSAGA RGETTCTGAR
TCASCTTEAL AAGATGOGAA TCATCOCOGA CTACTACAAG GAGEASTTCA
GGAACRAGAT TGAFTEGCTC AGGLGACAAGGE CTTETOCCAS ARGETARGCGE
CTTEGLACGE GAATTOORTG GGATAARGGAG TEGOTCATCS AGAGCCTITC
AOACTCAACR ATOTACKTGS COTACTACAT COTTGOCAMG TACATCAALDG
CAGGATTGUT CARGGCOGAG AACATAACTC COQARTTCCT CGROTACGTE
CTEOTOEGCA AASCTEACST TOOCGAAAGTT GOGHEAAGETT CMAAMACTLAG
CETESGAGTTA ATCCAGCAGD TCRAOGACTA CTTCGAGRTAC TGETATOCDS
TTEACCTALG AAGCARTOGD ARGGACTTGS TTACAARMCR CCTGCOTOTIC
TACCTOTTOC ACCRAOOTORE CATTTIOCOE CCAGATAMST GGLCUEAGEEC
AATTGOCOTA AACGOATANS TCAGCCTTEA GUGCAAGAAG NIGAGLTAMGA
GCARRCERECT CTTGUTAALG ATSAAGAGES CGEFTGERGCA GTATGETUCO
GATATGAGA GECTCOTACAT CCYCCACGCT GOAGAGTALE MCARCIATEC
GEACTGGAAG AITAGAGAGE TYGANZEGCT TACAARUCAC CTCAGGAGCET
TCTACARCCT CETGAMGGEAR AACTACCTOA ARIACGTOIEE AGAMACTAACA
ACCCTOGACE GOTUGCTTGT QACCACCATE CAGARGGOUAR TAMGZAMT
GAGGEAGECT ATROACAACT TEULOACGAS SACGOCCOCTOR AATGCCGECCT
TCTTCOAGET CATEAADGADT STCASATGET ATCTGAGGAE AGGRGETGAG
MCOTOSCTA TAATACTGGA COACTGGATE AAGCTUCTOG CCCCCTTTGC
TOOGEACATT THOGAGGAGT TETMAGCACTT GARGCATGAD AGCTACGTCA
GOCTCOAARG CTACOCASMR TACGADGAML CCAGGHTIGA CGRASGAGEOG
GAGAGAATTE AGGAATROCT COSAAACCTT GTTOGARGACE TTCAGHALLT
CARGAAGTTT GTTAGCOATE CGOAAGOAGGT TTACATTOCT CCCGCOGARG
ACTOCAASET TAAGGCAGCA AAGOTUOTTS CTGARAGLGE GOATTTGHE
GRESCHEATIN ASCAGUTTLT GUAGGHCGAS GAGCTTAGGA MCTCGSGCAR
AQRAGTETOL AATTTOITCA RCOAMGATTTT CAAAGACRACA AAGAMGOTGA
TEOTASTTAR GOACTGEEGAA GTTOTGLAGE AQAACUTEAA ATTTATTGAG
ARTEGAGACOD GACTGAAGAT TATTCTTGAT ACTCACACAS TTCCTGAGCA
CAACAGOAGD CADGCDACTTS CCGECAAGIC CGCEATTTAT STTGCTTAA
34 | CTOGATAYTG BARGRAABTG GUGTGATAGA TGCAGAGRTG CTGGCATATT Metharobacteriom RS

TCAGGCTGAC COTOATGACA GAGAARAGAT ATICUTCACA GTOGCTTACT

thermoautciraphicum
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CTOTCTATGEG TGGTATGRAG

i on

Gglmac?ﬁt_cl\kﬁ@mi

TGTTATGAGC AGLUACATCD CTET

TSKYLGVDVAVOGM

- .

TCTEATGACS
GATAATACCD
TCRATGACTE
TCOCATGAGA
GLOATATTAC
TGLREGATA
GAGCATCTCA
CTCTGCARAG
ROTCAGOCAT
COTATGRGEC
CATACTCCTG
TCTTOCTCAT
AGTGAGGTECA
ACAGAGCETC
CTCCAGCTAA
AACCAZAGCA
AARGUCACTT
ACOTTAAGCS
GAAMIGTTE
CACTGOTGRS
AAGCTCCATS
GTTGCRGAGS
GAAGATCCTT
AATOGAAATS
ATGGECTCCA
GALGGAGGTT
CAGAGGETTAC
TACATTGAAT
CTATGACCCT
TATACCTTCA

CCOGTGAGET
ATGTATOAAT
cs AGC
CCTOGRAGER
GAGGREITOC
GLOATETTCR
GCTCGATCAT
MOCATCGUAL
GTTCTTTGAT
GEGAGGMTT
GRCCTCATAL
ATTCCCTGALR
TTCTTGAGGG
AGGGATGOCA
GTCCTCAGEA
TOREGACCCG
ToRGTTATCOC
ACCTGARRGT
TACGTGAAGT
CAGCAGOCAC
TFTTGAGGET
TOCACGLCTS
GAGATGTGEG
GLCTGACTTC
MEATCETOCR
GCATCCACCC
GGATGTGTTA
TRATGGUAAG
GOTGAATTTU
GGTGATAGAC
CAGAGRTTGS
GRAARC ARGE
ATHA

CATCGCTGAT
TOGCTGAGRCG
OTCATGONGG
COTLGOoCRS
GECCRACTT
BGEAGGATRG
COARCCTOTE
ARCCEOCTCAG
GRCATATTCD
CCEETACTEE
GCAATCACCT
TCAGGEHTEEC
CRACRAGATEG
TCEAGARACA
GRECCATEEC
CROGRFERTT
TEEATEETRG
TTCATTREAA
CACARGRGCC
TCTATCTOCT
AGRGTTGATG
GATARGGCTC
BGAGGTATE:
TCRGATGATE
GAATACOGTT
COGAGAGEET
REAGTLECHG
GETTTCAGCT
TANGGAGGAT
GAGTACAGCG
AQCCAGGETT
CTETGRATGC

GARCTORRGE
ACCTEFTTATA
ACCAGTZSTT
AGGTELCTOE
TGEAATARCTAC
GCOTTGAAAC
ACMGACTCAA
GCAGATGGAT
TAGATGATTC
TARCOCCOTTE
GARCATTOCRT
COOGEEEEET
TCATCCTOOR
COETGCAGAC
AGGACTTTGA
GARATGGTTCA
GOCAFICDTS
GETEHIATGAT
CTTGALTCAT
TARAARGGAT
ATGAGETTAA
ATGECTCCAT
TEETREACAT
CAGAGAGC AL
AGARACATTC
CCACATATAL
CAGARGETAGG
GARGGECATCC
CATCAGOGAC
TACTCATOOA
GTGATACRCA
CAOTTEoOCTG

ACCAGGGCCT
TPROCGETECE
CATGAMTAC
ATEGECATGAR
ATCGACTGGE
ARGGCTHOCC
CARTCTACAT
BUUGGEEAGA
AGCRACCTTT
ACTEGARGCT
ATATTCCADC
TETEATOTTT
AGGECRACGT
GTGETECEE
CTGGAGGEAG

ARRACTRAGRT
ATGATAACAT
CTTGGTARRT
TGCATCTGAT
GCAAACCAGEA
ARECOAICCA

MIEFEMIKRNTSEI I SEEELREVLEKDEESARIGPEFSGRINLAMYLOINEMIDLON
AGFDITILLADLHEAYLNHGELDEI R IEDY NHKVF EAMGLEAK WY SSTFOL DY
TLHYRLALETT LERARRSME LT AREDENPKYAEVI Y PIRCGVNAT HY POVDVAVEE
EYRETHMLARELLYRIGHC IHNPVLT LG EGHM S SERGIE LAVIDE PEETRAKTEE
AYCPAGVVESNPIMEIAKYFLEY PLTTRRFENFOGOLTYSSYEELES LMK TLHTM
DLMNAVAEELTRIEEPIRERL o
MDEFEMIKRNTSEI LSEEELREVLEEDEKSALIGFEPSGKI RLGHY LOTRXMIDL.ON
AGFDIIILLADLMAYLMOKGELDEIREIGDYNEVEEAMGLEAKWYCSEFQLONEY
TLNVYRLALKTTLERARRSHEL IAREDENPIVAEVT Y PIHOVHE AN Y DEZVIARAGEH
EQRETHHLAREL LKL IHNPYLT G LOGEGKM 335 KGNF IAVIDE FEETRAK T KR
AYCPAGVVEGNFIMETAKYFIEYPLTT

MDEFEMIK RN TSEI I SEEELREVLFEDEKSAGTGFEP SGIRT.CHY LO T KRM IDLAN
AGFDIIILLADLHAYLNGEGELCEIRRIGDYNEEVE EAMGLEARCAYG BERPFOLDADY
TLIVYRLALKTTLKAARRSHEL T AREDENF VARV I Y PIMUVING T HYT LEVIIVAVCEOH
EQRE EHMLARELLPEFVYC IMNPYVLTGLOGEGKM 3 S5 GNF TAVDDSPEET RAR KK
AYCPAGYVYEGNPIMETAKYFLEYPLTIKRPEXFRG DL TVNSY EELESLFENRELHEN
DLIAVAEEL TKILEPIRERL

WLEFEMIKRNTSEL 1 SEEELREVLKEDEL SAQLGFEPSGR LALGAY LOTKEMIDLON
AGFOIITLLADTHAY LNOHGELDEIRE TG YNKKVFEAMGLKAY Y VYGERF QLORDY
TLNVYALALKTTLERARR SMEEL T AREDENCEVAEYT ¥ B Y MEVHC SHYYEVDAFAVGEH
EQRE FHMLARELLIKR VU T HN YL TG LOGEGKME SSKENF I AVDOS FEE THAK TRE
AYCPAVEGNP IMEIAKYFLEY PLTINRPEK PO DL TVHNSY EELESLFHNKELH PN
DEYHAMAEELIFNTLEPTHERL

MOEFEMIKANTSEI ISERELREVLYEDER SATIOFEPEGKIHLGH Y LOTKEMI GLON
AGFDIITLLADLHAYLNORGELDE T REICDYNKKVE EAMCLEANYVYGSTEQLDKDY
TLNVYRLALKTTLERARRSMEL T AREDENPEVAEV 1Y PIMUVKNELEY RVDAWTAVGGM
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mutant TyrRS
0.Wi6)

35 RS

36 TyrRS (5512} RS

37 p-iPr-FheRS RS

38 p-Nti, PheR5(1} RS

39 p-NHPheRS(2) RS
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DLFAYAEELIKILEFIRKRL

A
H%N SEITSEEELREVLRFDFEKSAQIGFEPSGKTHLGHY LT RENINLON
AGFDIIILLADLHAY LNORAELDETRE TGDYIEENVF EANG LKA WYGEPFOLDKEDT
TLHVY RLALF T TLERARR SHEL T AREDEN PEVAEVI Y PIMOVHOSH TG VIVATEEN
EGRET HMLARELLPXHKVVC IHNEVLTALDAEGEMSESKENF TAVIDS PEE TRAK TEY,
AYCPAGYVEGNE IMETAKYFLEY PLT I KR PEKFGGOLTVINSYEELESLFKNEELHPK

p-NH, PheRS(3b)

42

MOEFEMIFKRMTSEL I SEEELREVLE D EKSASIGF EPSAH THLGHY LOTKFMIDLON
AGFDIIILLADLHAYINQKGELDE T RK I G NEEVE EANGLEAK TG TFQLEEDY
LY RLALK T TLERARR SMEL TARECEN PRV AEV LY PINCVNTYHY AGVIVAWEGH
EQREIHMLARELL PRIV IHNPVL TG LD RGKMS S SKGMF TAVDDSPEETHAN THK
RYCPAGYVECNP TMEI AVYFLEY BLTIKRPEKFRCDLTVHIYEELESLF K ELHEY
OLFMAYAEELIRILEFIRKRE

O-Ally]-TyrRS{1)

RS

43

MOEFEMIKRNTSEI I SEEELAEVLENDEKSArIGFEPEGRIHLGHY LOL KEMIDL O
AGFDI IILLADLHAYLNOKGELDE IRK TEDY MKV EAMCLEAK O EMFQLOETY
TLNVYRLALETILEKRARREMELIAREDEN ERKVAEV DY P T HOVINT EY GEYDVAVEEH
EQRFIHMLARELLPREVYC IENPVL TG LDGECKMSSSKGHNE LAVDD S PEET AR IHI
AYCEAGWVECGH P IMETAKYFLEY PLT IFRFEKFGEDLTVNSYEELESLFENK ELHFH
BLENAVAEELTETLEFTRERL

O-A01yE-TyRS(3)

RS

MOEFEMIKRNTAEI I SEERLREVLEKDERSA IGFEPSGEIHLGHY LOT WM TR O
AGFLIIILLADLHAYLNOKGELDE IRK TGDYNEEVE EAMGLE AR NG SRPLLDNDY
TLHNYRLALKTTLERARRSKEL L AREDENPRVAEV I YFINCVNOTHY EGVEVAVGIRT
EQRKITHMLARELLPEEVVC I ENPVE TOLDGES KM S5 SKENF TAVDDSFEETRAK THE
AT PAGYVR P IME T ARY FLEY PL T IKRPERFGEDLTVHEYERLESLF¥NKELHEY
DLEMAVARELINILEPTRERL

O-Allyl-TyTRS(4)

RS

45

MUEFENIKRNTSEL TSEEELREVLENDEK SARIGFRPSEHIHLAY Lo FFEHIDLON
AGFDIIILLADLARYTNORGELDEY RN T AL YHRHYFEAMOLE AR Y VTG SEFQLIDFLY
TR YRLALETTLFRAFRSHELT AREDENEKVAERVT Y BT M VNECHY HCVEVAVGE
EURKIHMLAREL L PRV IHNEYL TG LOGESRMSE SRGNT IAVIDE FEET RAKIRE
A!l!'CPAG\F"-"EGH'FIHEIM{IFL‘E!PLTIKRPEKFEGDLTWEIEELEELFENKELHPH
DLYKAVARELIRTTLEFIRFRL

p-Br-PheR5

RS

MOEFEMIKRNTSEI ISEEELARVLKKDEE SAATGFEPSER THLGHYLOTXFH TOLON
AGFDIIILLADLRAY LNQKGELDEIRE IGEYHRINFEANGLEAR Y GSAFOLDYDY
TLHVTRLALKTTLHRARRSHEL TAREDENPEVAEV I YETHIVHVTHY DGV DVAVGEN
EQrKTHMLAREL L PREVVE TINFVL T LG ECE M S S RGHNF T AVIID S FERTR AT KE
AYCPAGWWEGHNPIME I AKY PLEY PLT I KR FEXFGGOLTVHEYEELESLFENEELHEM
CLENAVAEELIKILEPIRRRL

p-Az-PheR5(1}

RS

47

"

MDEFENIKRNTSELISEEELREVLKKDEKSAGIGFEPSGRINLGHY LU TFEENIDLON
AOFLITILLADLHAY T N)RGELDEIRR I GDYHEKVF EANGLEAK VY GSTF QLUK
TLVYRLALKTTLERARASHMEL I AR FOENPEYAEVI Y PTHOVNT YY Y LEVIVAVGEM
EQME AHMLAREL LB W THN PV L MG LDG ECEMS SSRGNF T AVIDSTEE T RAK TER
AYCPAGVVEGHP IMEL AKYFLEY PLTIKRFPEKF GGDLTVNSYEELESLEFNEELHFM
DLENAVAEELIKILEPIHERL

B-A2-PheR3(3)

RS

438

MLDEFEMIKRNTSEII SEEELREVLKFDEESALIGFEPSGH ITHLGHY LOTKKMIGLON
AGFDI T T LADLEAYLMNOKGELDE TRK IGDYNEEVE EAMGLE AR TVYGSFF QLOKTY
TLNYYRLALRTTLKRARREMELIAREDENPKVAEVI YR IMOVHRIHISGVIVAVGEE
EQRET MMEARELL PRKEVVC THNPVL TGLDGECKMS 58KONF TAYDDSFEETHAK THE
HYCPHG'WE@"TPHEIRKYFLEYPLTIKRPEI{PGGDLT\'HSYEEEESLFMELHPH
DLEMAVARRLIRILEEIRKRL

p-Az-PheR5(5)

RS

49

M}EFEHIKHNTSEIIEEEELREVI.I{KDEKSADIGFEPSGKIhL.Gli‘I’MII{IQEIDLQN
MEFDT TILLADLHAYLHOKCELDE T RE TGV NERYF EANCLEAK VTG SEFQLOYDY
TLENVYRLALKTTLKRARBSMELI AREDENPEVAEYIY PIMVNCGHEY QOVOVAVGEEH
EQRKTHMLARELL PRV THN VL TELDGEG RS S S RGN TAVIDSFEEIRAR L KE
Y PAGVVECHFPIBE L ARYFLEY PLTIKRPERFGGDLTVH S YEELESLFKITHELHEY
CLYMAVAEEL I KX LEFTRKRL

Mutant synthetase t
incorparats o-acyl
phenylalmine inta
proteins (Ketone 3-4}

RS

50

MOEFEMI RANTEET T SEFELREYLKKLERSAY 1GF EPOGR I HLGH t LUT KM TOLAN
AGFDIIILLADLHAYLNOKGELDEL RKLGTEHEEVE EANGLIARY VYGSLPQLDKDY
TLHVYRLALETTLERARREMELT AREDERPEVAEVIY PIMOVHDIHY TGVLVAWGGM
EQRE THMLAR L LEKKL TN BV L TG LG R S S 5ECHNF TAVODS P EETRAR TR
AYCFAVVEGHFIMEI ARYFLEY PLTIFRFEKFGEDLTVHNSYEELESLFKNEELH FH
DLENAVAEELIKILEPTRERLA

Mutant synihetase w
incorporate meacyl
phenylalaning into
proleins [Ketote 3-T)

RS

=)

MEEFEMIKRRTSEIISEEELREVLIFDERSALIGFEPSGKIHLGHY LOIKEM IDEQN
AGFLI LILLTPLNAY LHGEGELDE TRE IGDYNEKVE EAMGLEAI N GEEFQLIKDY
TLNVYRLALRTTLRRARRSMELTAREDENFRVARVIY P IMOVNDIHY LOVIVAVGEEH
EQRKTHMLARELL PREVVC THNP YL TOL DGEGYMS S5 KEHF TAVDDSFEET RART T
AYCPAGYYEGHPINETAKYFLEY PLT IR PERFGGDLTVNETEELESLEEMNEELHEY
DLENAVAEELLIKILEPIRKRLE

Mutant synthetase ta
incorporate m-acyl
phenylalanine into
proteins (Ketone 4-1)

RS

52

WDEFEMI RRINTSEL IGEEELREVL KR DERSAL IGFEFSGRIRLGHY LY LRI DLGH
AGFDILILLYDLRAYLMNGELDET RKISDYNEKVFEAMGLEAKYVYGEEF QLDKDY
TLMVYRLALKTTLRRARRSMEL T AREDENFKVAEYTY P IMSVINVI MY LOVOVVVGEEH

Mutant synthetace 1o
incorporate m-acyl
phenylalanine into

EQRE I HMLARELL PRIVYE THNEVT TELLEERFMSS SHGNP TAVDOS FERTRAKTHE

RS

122
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S RYAAK7 VpD PE KK K CIHNPVLTGL EURKI KKLI 4RELL UEGKKSSSKGU+
AYCPAGVEGNPI MEI AKYFLEYPLTI KFLPeYXC, k' aDLTVNSYEELESLFKNFZCJ| Mazi tig-gohepy| al a
nine DL7 V EELIKI LEPI RKRL 123 WD 02/ 055923 SequenceNot esor M NA SEQ'RS

=Az- PheR b_63NMDEFE41KRNTEEI | SEEELREVLKXDEKSALI GFEPS Kl HLt 7~LQ KFUMArni i p
ri f RNARS AYRPEISSPIR | ~| ADLHAYr GEZ. DEI RKI GDYNYKVFEAt ~f i LKARY/\ESTEBEDKDYS
,nthlase for the TLNVYRLALPCTTLULARI i SMELXAREDENPI CVAEVPf PTHOVAPVHYQG

DVAVC- GN PCY RVLAREL L PKKVVCI HNBRlehter DGEGXVESSM NFT A, VIBidRPSBI RA7al <K S,
pG at on ofsgy | AYCPAGW RS
GN\PI MEI Al GYBI#EYFLCl KRPEKFGGDLTV] QSYEEI , ESLFKNKELHPMazi do- phenyl al ani ne
DLJI AVAEEL}—+ TBkirE T boWins (Ketone 5-4
KO=KSATI| GHEPSCGKP®t*R-QILEFIHFRFONAN nCaCyl [ RNARS AGFDI I|I'LLADLKAYL

GEGDEI RKi GOYNKK] T 0 e SN A A T 0, T .0 B 1 ST T S L 1 s e ﬁﬁﬂ%f& A'FRS
AEVI YPLWK . iy incorporate m-aeyl

~FVLI GG-GH ;- fricd kb skdderr phenylalanine into
AYCPAGVVEGNPI Mzgﬁﬁmﬁmﬁrwwwmamw 6-8)

- phenyl al ani ne | DLKNAW EEL | ESIRKRL - Az- PbcRS 65MSDFRIF | _EEK WOKAWEL DRI
FESD KEK 1 \PRAUERLSRVIIBYRVL | RS
FPLGFKVTGT] ey DVPL BD
LLOLTT13SK e =NeNRY
K=PVRYCP H proteins (OMe 1-6)

55 MDEF EM IRRTSE 1 T SEEELREVLKKDEK.SATIGFEF SCKIHLGHYLOTRKMIDEON ~ | Mutant synthetase to RS
AGFDIIILLSDLPAYLNQRGELDETRKTCDYNKEVFEANGLEAKYVYGSEFOLDKDY | (oo e o
TLNVYRLALKTTKRARR SMELIAREDENPRVAEV I YRPIHOVNDIHY LOVDVAVIGH rporaie o
EDREI HWLARELLPREVVCTHNPVYLTGLBGECKN S S5 KONF IAVDDSFEETRAKTRK | methaxy
AYCPAGYVEENPTMETAKYFLEYPLT IKRFEXFGEDLTVNSYEELESLFENERLHEY | phenylalanine into
DLIG\IAVAEELIKILEPIRRRL# pmlclns(oMﬁ I—gj

56 MDEFEMIFRNTSE L 1 SEERLREVLKKDEKSATIGFEPSGRIHLGHYLOTKRNLDLAN | Mutant synthetase (o ES
AGFDIITLLADLHAY LWOKGELOET RK IGDYRKEVFEAMGLRAKYVYGEMPOLDKDY | joenomare o,

PLAVYALAL K TTLXRARR SMEL IAR ZDENEEVATY TY PINOVNS SHY DEVDVAVEGH TP
EQAKTHMLARELL PREVVC THNPVLTGLDGEGKMASSKENF I AVDDSPEETRAKTIRK | methoxy
AYCPAGVVEGNE IMETAKYPLEY PLTIKRPEXFGGOLTYNS YEELESLFKIMEELHPY | phenylalanipe into
DLIWAVAEELTEILEFIRKELE proteins (Oble 2-7)

57 MDEFEMIKRNTSEL I SEEELREVLKKGEESAOTGFEPSGK IRLGRY LATKRMITLON | Mutant synihetase (o RS
AGFDI TILLPDLHAY LNQKGELOEL RK IDYHKKVFEAMGLRAKY VYGSEFQEDRDE | jpo oo
TLNVYRLALKTTLRRARRSHEL T ARECENPRVAEY LY PINQVNDT HYT GVDVIVEEN TR
EQREKIHMLARELL BN RVVC THNEVL TGLDGEG N SESKENF TAVDDSRERFRAKTRY | methoxy
YO PAGVVEGNEIMETAKYFLEYFLT I KRPEKFGODLTVHSYEELESLFYIKELHEY | phenylalanine into
DLEMAVAEELTXILEPIRKRL#¥ proteing

_ OMe 4-1
58 MDEFEMIKRNTSEIISEEELREVLERDEKSAHEGFEPSGRTHLGHYLAIKKMIDLON | Mutant synthetase wo RS
AGFDIIILLANLHAYLMIKGELDETRKTGDYNRKVFEAMGLKAKYVYGEAPQLOKDY | o o o
TLRVYRLALKTTLERARR SMELT ARE DENEHYAEVI YPTMOVHGHHY TEVDV ALGEH [po
EBRKIHMLARELLFKEVWC LNV GLOGECRMS S SKGNF IAVDDSPEELRARTFE | methoxy
| AYCPAGVVESHPIMEIARYFLEYPLTIFRPERFGGDLTVNSYEELESLFYNEELEFY | phenylalanine into
DLEMAVREELIKILEPIRKRLY proteins
: OME 4-8

30 MOEFEKIKRNTSE] X$EEELREVLKKDERSAY [UFEPSGRINLGEY LOTKEMIBLEN [ Mutant synthetase to BS
AGFDIIILLADLHAYLNGKGELDEIRKIGDYNNRVFEAMOLKAKYVYGSAPQLOKDY | oo o, n o)
TLNVYRLALKTTLKRARRSKELT AREDENEKVAEVTYPTMQVNCAHY LAVDVAVGEH oTporaie p-L-ay
EQRKIHSLARPLLEKFV VO I HNEVLTGLOGECKHS SSHCHFTAVDDSPEETRAK I XE, | I¥rosine 1nlo proteins
AYCPAGVVEGNPIMET AKYFLEYPLTTKRPEKFGGDLTVNSYEELESLF KNKELHPH
OLENAVAEELINILEPIRERLE : Allyl

60 MDEF EWIRRNTSE] I SEEELREYLKKDEKSAGLGT EPSGKIHLOHY LQIAXMIDLON | Aminoacyl IRNA RS
AGFDIIILLADLHAYLNQKGELDEIRRIGDYNREVFEAMGLEAKYWYGSSFQLDEDY { conbovnce for the
TLNVYRLALKTTLERARRSKELT AREDENPEVAEVIYPIMOVNTSHYLGVIVAVGEM | *F \

BGRKI HMLARELL P KKV ! HNPVL TGLDGEGKMS S5EGRF IAVDDSPERTRAR T XY | incorporalian of p-

AYCEAGVVEGNPIMELAKYF LEYPLTIKRFPEKFCODL TVHSYEELESLFFNKELHEN | benzoyl-L-

DLFNAVAEELIEILEFIRERL phenylaianine
p-BpaRS(HE)

61 MEEFEMIKANTSETI SEEELREVIEKDERSATTGFEPSGKIHLONYLQTRIMIDLON | Aminoacyl (RNA ES
AGFULZILLADLHAYLNQKGELDEIRKICDYNKKVFEAMGLEARYVYGENFOLDEDY | coiihaiace for the
TLNVYALALETTLERARR SMELT AREDENFEVAEVT YETHOVNRLHYQGVINAVGGY | \

EORKT HMLARELLPRXVVCTHNPYL TGLDGEGKMSSSKANFIAVDDSPEEIRAKINY, ( iftCorporation of p-
AYCPAGVVEGNETMET ARYFLEYPLTIKRPEKFSGRLTVNSYEELESLFRNEELHPY | azido-phenylalanine
DL¥NAVAEELIKILEPTRERL

p-Az-FPreRS(3)

&2 MLOEFEMIKENTSEI I SEEELREVLENDERSATIGF EFSGRIHLGHYLQIFEMIDLON | Aminoacyl t(RNA RS
AGFDT I TLLADLHAYLNGKGRELOEIRKIGDYHKKVE SAMGLEAKYVYGSSFOLDKDY § copiheraen for the
TLIYRLALKTTLERARRSMEL LAREDENFRYAEVI Y PLMOVNPLHYOGVIVAVGGH | | )
EQRKIHMLARELLPYKVVOT HNPYLTGLOGEGKMSSSRGNF TAVIDSPERTRAKTXK | incorporation of p-
AYCPAGVVEGNPIME LARYFLEYPLTI ¥RPEKFGGDLTVNSYEELESLFRNRELHPY | azide-phenylatanine
DLIAVAEELIEILEPIRKAL
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, | FPCAT LP ETVTGVT NIWI {PTT V | +AEVDGEAWE VSKEAYEI CLT
YTEKKVI KLLS EVDASQVX YVI VPLVI XAX VFI LPAEFVD TDNPTGWMS VFAI { APFDIAY 367 215
Al ELLIRDEE TLt.xYCl | DI C5 WESI KPI VL | KTDI EGVPA EKLI RELGVK SQKDKELLDK’
ATKTLYKKEY Wi@eas:808 H NYAGM CVSEA KFRVHEDLVK W - GDVFYEF SEKPMb-GREI/ 12465

KKTClI | PDYYK EEFFRN] CTEW. RDKACARRKI

7 N

LGTRI PNDKEREH-ESESDST—H MR A HE XENAGE KA -N-+-PEFEBYV L CKERWEKY
AEASKL SVEL E%' RDDREY \WPVDLRSSG REPVANHLLF YLFHHVAI FF RAI AV NGYVERESKs
VBKSKS ; $SLL[ VQQYQl DV Ri.YIU A AEYOSDADWC SREVEG ANK ~, RRFYNLYK
NYLt EVGEl \VRAWYL . RRGGE
NLAI | LDDW | KLLAPF [ E B RN
VFXI CEl CI<F‘¥§D; = 5 T 4HFREBR
| CKLM.VKEWE L( sﬁﬁé{ : Bt VWRDIR
W\RDAGI FQRD| PDDREkixk ; s inerSRRDYPHARFKRM
QGYNVLFPMVA; W 3 WWI‘%FHQ%PW%LWU ade-obehilabaninn
RVFEDELERF| SDPZ D HGYSI DWRRE FK 1 TDPDYSR El QWA RKLR
ILGLVRKGA MM — ; Bgsrhe as
T, KFKLGDS
LLCV$GDVNP :
RTDHE: . . LERY GL 3,
| CI PS3ARGVVE SHIF
[y SvrAW [Agt AMEE ORAL IO . _ g
TDSTI YMAYY] 77 AllROIEE/ CRMOORE EFLeri 1RSI BOERERFRYIN 7
DLI GNHLTFH | FrigeAE e :ﬁ@@@z@wmﬁm K rorrerivO VI bybindgheli
VWRTFLNSSA| | zp ET REREVFPIARREE REEVISERE DGRPVL.  SEV PAEPE‘S
FI GRW MGQL! NQRU =G RVDDEVXSVL
ANVLHAW | R HARPREDY AT VQ VAEEM-7VQNTV
AVI QEI MKI L| OSTRE A FavenedclDy ERal XDNNKLV
AEF' VRRYI R D L(;J;gggm mwl i ,' & i DP ENKAVNAVFL
KPAI YLE* 6EGAA1 TG&@A@P@A’V&E@KK]MWH@@@QWGAT COAcu cr AC( peas
pap~bc) Pl apmi d i O TBAETRESTEE. 3¢ GAOG CCACCGGHCA
GCCR: CCCGTC 3r BOBOEEACER OO ROBLEEE DETOBET CGAGG
ERTEETLENL VEDIQEIKKEF VSDAEEVYIA PAEDWNKVERLA EKVVAESGDOVG
EAMECLMODE ELRKLGKEVS NEVKKIFEDE RKLHLVEEWE VLOUNLREFIZ
NETGLEWVILD TORVPEERRR QAVEGKPATY VAY
66 | iinerenn somviniin mmchoiis Tt prwety | Yonowens RS
’ RVPECELERF SOPEYIVEYF SREYRSVMED MGYSIDWRRE FKTTLPTYSR thermoautotraphicum
FICWOIRKLR DLGLVRKGAH PVEYCPECEN FWGDHDLLEG EGVATNDLTL leweyl tna-synlhctass
LEFELGDEYL, VAATFRPET] YGATMLMINE DEDYVRVETG GEEWIESRAA {MILR5}
VONLSHQELD LEVZSDVNDG DLIGHCVENP YTGOEHPILF ASFVDFZYAT
GVYWWESVPAMA DPADFIALEDL RTDHELLERY GLEDVWADIE PVHVIAVDGY
GEFPLAEVIE KECVRNQEDE RLEDATIELY KIEHARGYHMS SHIFWTGGEHE
VSEAREVIAD ELIDWGLADE MYEFAERFVI CROGERCVIR VHMEDOWRHEY
B EUDAWEDLAY RCLOGHKIIP BEEVRAMFEYY IDWLNOMACE RRIGLITRLE
WDERWIIEPL TDSTIYMAYY TIAHRLREMD AGEMDDEFFD AIFLDDSOTE
EDLREEFRYW YPLIWRLSAR DOLIGHNHLTFH IFHHSAIFFE SCWERGAVWE
CHGLLEGNKM S5SHGHVILL RDAIEKHGAD VWRLFLMSSA EPWQDTDWRE
SEVIGTRRRI EWFREFGERY SGILLDGRPVL SEVIPAEPES FIGRWHMMGOL
NORIREATEA LESFOTREARY QEALYLLEED VDHYLEAVEG EVDDEVESWVL
AMVTHAWIRL. HAFFIFYTAE EMWERYGGED FVAEAFWEDF SDDAESROVQ
VAEEMVYQMNIYV ADIQRIMKIL GSTPERVHIY TEPKWEWDYL REVAMAEVGELD
MGSIHGRVEA EGIHDMMEEY AEFVARIIRD LGRSEVITVID EYSVLNDASD
YIESEVGARY VIHSKPDYDE FNEAVMAVEPL KPAIYLEY
67 | SRATICACAS AcASSRMACK GUTATOCOCA COCTITORT contacy | @lmepebl | Plasmid

GECCECOGTE GIGoCCAMDG ACGCOLACTS QTOGIGECTE CCCCTCGAGH
ACTTCGACGE GATORTOGTS TCCCOGGGEOD COBETAGTOD CHACCGGERAA
CGEGACTTCE GHATCAGCOE CCGGGECGATC ACCBACRGCOZ GCCTACCOOT
CCTOEECGTC TGCOTEGE0C ACCAGGOACAT OGCCCAGCTE TOGGCGGAAMT
CCATGCACGE CCGGGTCTOC GAGGTACGHC ACACCGEOGA GGAOGTCTTC
CEGEGOCTOC CCTCECCETT CACCOICGTS COCTACCACT CLOTEROCEC
CACCOACTTC CCOGACGANC TCGAACCOCT COCUTCEARC QACCACGSCG
TOFTCATGRG CCTGOGETAC CECGREAAGC DGLCTGATGE: DEIMCCAGTTC
CORCUGGAGT COATUGGLAG CHALTTORM CGGGAGATCA TGGCCAACTT
COGOGACOTE GOOCTCEOCD ACCARUCGRGE ACGETOGOGAT GUGEGCCGACT
GGIACTACGR ACTCCACCTE CGULGCGETOCE ACGTGUTGCD GRACGCOCCOAA
GAGETACGES GOECTELCTS COCGOUCGAS GGOGCUALGT TUTGEOTUGA
CAGCAGCTOC GTCCTOGARS GORLCTORCC GTTCTCCTTC CTCGGLOACG
ACCCOGECOC GUTCGOCEAG TADCTCACCT ACCGLITCGEC COACGGCGTC
STCTOUGTOCS GOGGETLOGA CEECACTACE ACCORGGACE CGGLGACCCT
CTTCAGCTAD CTEGEAGRAGD AGUTCGAACT QCCGECGEGET COCGTCOGCCC
CORACCTEOC CTTOGAGTTC ARCCTOSGCT ACGTCGRCTA COTOEGITAC
GAGCTGAAGG CRGAGRCCAC CEICERCCOC QUAGTACCGSE CCCOGOACCO
CEACGCOGCE TTOCTCTTOE CUGACCECGT CATCCGOCCTC GACCACCAGG
MAGGCTGOTG CTACCTGCTG GOCCTLGADT GUDEGHECCA CHADGACGGT
GUCCGCGCCT GGCTECGEGA GACGGCCGAG ACCCTCACCE GCCTGGCOGT
CCGOGTCCGE OOGASGCOGA CCCCCOCCAT GGETCTTCGEG CTCCCCGAGS

COGCEGOCGHE CTTERGCNCE CTERIMTCHRE CADGUCACGA CAMIGACGLL
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ACTr CGACGC pATCGTCGIG TceccecGECC CCEECAGCCC CRaACCGGEGRA CGGGACTTCG

GGATCAGCCC3 CCGGC3CGATC ACCOACAC3CC3 c3cct

CCCGT CC PCGECGTC

rl

ACCAGGEOCAT CGCCCAGCTC TCQC cGGAAC CCATGCACGG CCGGEGTCTCC GAGG

cocTooooc e e

G CC

C TC CGEEECClI CC CCTCCCQCATT CACCGCC 3TG CCCTALTAC

CCCGACGAOC TCGAACCCCT CGCCTGGAr C GA+EBEARIB0ZES465
' f +CG TCATGOG CCTGCGGC. AC CGCGAGAAGC OGCTGATOGG COTCCAG TTC CCACCWKW

CCA | G CPACTFCGX CGCCGAGATC#emqleimsCCAACTI ' C~4CGCCr AC®RE GCCCTCECQ A or
ACCA FOGI CGCGAC GCl GECL~GACT [, G 3C3CTAQG 4 ACTCCACGTG CGCCGCd C@sACH
CTGCC { ~ DAA GAGGTACOCC GCGCTGCCTG G GGCECCACGT TCTGCETGGA
CAGCAGCT Gl LT EEAB: Gttt HCE T deHicksER 3ACG ACCECTEECCT
3 N
GCTCOCCCAG TACE e A et tn | e platnie ddeakdsDCC GCGGCTCCGA
COCCACCACG T S ECRORBECACETTeCHCTTAGC I ETCGAACC @Cﬂ\/GGGF
CCCGTCGECCq CCTCGGECTAC CCTGAAC
C+~CAGRCCA G TTMrTTTC3
CCGACCGRCG ) GCCCTCGACC
GCCGGGEGECCA PAG ACCCTCACCG
GCCTGGECCGT] GICCCCGAGG CaECaEECCaG
Crr CC3CCCQ 2465 124 fi 9 DC 7 2
LIil} WO O ?NA or RS TCGEJCCTCC G
QA . CCGECA o 5 ACCC, AGGCCA"
CGGCCCTGCO CCTCiiaess Geaaiasf EESECOGTCI GECGECCC TGC ITOGAG
CCC CGAGCT] '[CGECS a CCGAQGECEG
CGr C_GAGDCC 5 AQGAGGACGA.  |OCQC3CT
GC 1CCGACC A\TCGT OGAJCCTGEGTC
CGCAACGACC D OCl ' CTTCQAO
GTQGGAGACC POG GCTCl COOoCge
GC, CACC: AQ CCAT GACCGECAcCG
CCC&RC PEC QGGCG 1GTTA
CCCGEEECCEd HCAT QGTCATCCQEC
ACCATOG LG DAT COTGIL TC
TCCGACCACH GGJ 't { LGTCACCGC
CGACGCGCA E ﬁﬁ(ﬁﬁg@@@t@%w PSC W%?(IJ\TA
CT C( TooTEREC0G TETGOTL GLCC0S FTETACGE PEATA
CEETCCARMTC COCOGROGED GToOs0Gond CARECGCTOR CCGRGECCOT
QCGCTCCPTE GOUGCGCETGA TRHFGCEACER CCCGGADCGT GOCGACGACS
TOGACOGRGS SCACCADCOC CAMCAOCACDS ACAACCCCOESG OCATNCOGE
GOATOCEACE GOECCGEEGAN COTOCACOGE GTUTMNGAE ARCTOCETOGE
GCTCATEGOR COGCAGOTOE CRECSCHICA GOACCACTGD CAGHGAICTET
TCOGCACCCT COACCCCACT GACGREGAAG GUOAGRAAGOA COGATOAATT
TACOTSACKT TATARSGGRTC CTCTROGLOS GRCGCATOST GGOCCGOCATC
ACCEROECCA CASFIGOGET TEOTEE0SCC TATATCGOCE ACATCACCGA
E TESGGAAGAT COOROTORCD ACTTCGEECT CATGRACRCGOT TOTTTLGGLG
TGEOTATGET GRMASACOOT GTHGCOGEEE GACTGTTGEG COCCATCTCC
. TIGOATACAT CATTCOTTGE GAMOGIGOTG CTUARSGGIC THAACCTACT
~ ACTGGEOTEC TTCONTARTGE AGEASTOGOE TARMICOAGHSE CEMIGARCCGH
THEOOCTTEAS AEOCTTCAAD CCAGTCAGCOT COTTOCGETE GOCGEOIHFGEE
ATGACTATOS TOSCOECANT TATGACTLHTC TTUPTTATCA TOCAAMTCOT
AGGACAAGTS COGRGCAGLSS TOTSGATCAT TTTCGGOGAS GACCGDTTTO
GETAGANCGT GACGATGATS GACCTETCGE TTGECOEGTATT CGEANTOTTS
CRALGCOOTIYM OTCARGCCTT COSTCACTGET COCGCCACCA AACGTTICGS
COMSAAGCAG SCOCOATTATCR CDERUCATGGE GERLCOGACGCGE CTCERECTACS
POTTGOTGED GTTOCOGARTE CQAGGLTGGA TEHSOOTTOCC CATTATGATT
DTTOTOECTT CCGGOSGOAT COGELTGOOC GOETDGEAGE CCATGOTOTC
CAGRCACGTR GATERCEACS ATUAGARLOA QJCTTCRAGTA TCECTOECSS
CTOTTACCAS COTARCTTCS ATCACTGIAC CGLTEATOCT CACCOOGATT
SATACCOCCT CGGEGAGCAS ATGORALCOGE TTHESCATHIA TTEHTAGGOGD
CEOCCTATAT CPTETETECC TOOO0COOTT COGTORLGLT GCATHEEASOT
GRECCACCTT GACCTGARTYS GRAGOOGOCOG GUACCTCGCT RACZGATTOCA
CORCTOCAAS ARTTGERAGCD AATUAATTOT TGOCGAGARD TATGAATGECS
CANBCCARCD CTTOCCAGRE CATATCOCATE GOFTCOSSCA TOTCCAGTAT
OOGLACGOEG COOATOTOES GRAGCOTTSE GTUCTSGOCA CGOGATEDECA
TRATOCTACT COTGTOSTTS AQGACTOOCC TAGGCTEICS SEETTEOCTT
ACTEGTTAGD AGRATGAATC ACCOATACGC GAGUGAACET JAAGCEACTE
CMHOTEOAAL ACGTETGOEA COTGACCART BACATHGAATG GUOTTOGETT
ToEETGTTTT GTAAMGTOTE GRARCOCCSA AGTOCCCTAL GTHRCTEOTGER
AGTTGOCCGE AACAGIERGT GSAACCAASS CGTOATACCA CGATACTATEG
ACTGAGHLGTE AACGOCATGA GURGECUTCAT TTOTYATTCT GRGTTACARD
AETCCGOACE GUTHUCGETA SOTACTTCAC TATCCOGGOTG CACTAGCCOT
GOGTCAGATS GOTOTGATLC AWGGUAALCT GCCARAATAT CTGUTMREUAL
COGRATTCAG COOCOTECAT CATTATGTTC CGGATOMGCR TOGOAGGATE
CTECTEECTA CCOPETCRAR CACCTRACATS TGTATTARLSG ARGUECTEEC
ACTGARCOTG ACTGATTTTT CTOTEETGOC GOOOCTATCCC TTTETGTAGD
TIGOCACGET CRAAGGOOTT TGAGETOCAA CCOTACGAAR ACGTLCGGTA
AGROGMARNT TATCEHFICTEA ARAATLCOATT AQTAGACARG ARAGTCCGTT
AMGTGCCAAT TTTCOCATTAL ARMIACACLS fI"I‘T'I‘G.ﬁ:mG(‘. CTPTTCCAAT
QTACATTATG TTTCSATATAE TOAGACAGTT ACTTCACTAR CGTACCTTTT
CETTCTATIG COCTTCAGAC COCATATOCT TAATUTOCTT TATTITGCTGE
AOTTATCLGE TCOTCOOENT ASGTTTANTT AATGOTTTOT COGOOEEAGA
MOGARTGCACA GECTTOTETS TOUTATGATST TATTTCTTAL TAMNTCATCOCH
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GCATATGACC GAGCAGAACG AGCTQCAGQT TDTDGCPGC [ 3 CGCGOAJGC TC GACQCCCTCO
ACGGGACL Cl TCTGGACACG Gl GOGGOGOC QUATCGACCT OGGT3TCD C Al CGOGCG GToT Mk
ACAACTCCCC3 GCACGGCC{ T' C CCGA' t GNTGC ACCCCGGCCG GE CAGCC: C CTCAAQGACA

{ 3CGGECCGCCHA IEMABEECGCC COCCACQGCC TgCACGAATC GT' 1" CCTGCTG pmmmm
ACOTGA. TCAT CACQGAGXTG TGCCGOCI CG AdGACC?+GQT QATQAGOCCG TCATG * ACTA

AGGAGGT TGy~ ATPAGTGECT T CCCCCEaAG Sk CCTCOTCCOCQRCARCT (ii3COGTEEGCRRAT T C
CCCGCSSGdI'%'IGCGGGIVGGC GC3GCAGCCGC ACGCI 3CGTCG TOGACGT ACCGCCQCCG RS
@ACGGCCGBD#C&BCCIGCCT C3C 1 CGAC CTCACCCGCCGGGGCCC% GCTCGCC;C(t
Cccccer 5O e CF CGEARRAER R EETEE-CCTCAAGSSE
{, TGECGCK C CCTGEDCCGTC
CGGACGEECY UA Cr cccCCTC
14ACC CGA [SCCGC CGTC3GLt CACC
AGOGACGOOLC 5G CGGCAAGCCC| MUM VA
CGUCGOACCA C GCOGTGATCC
TCTCCTPCG TG OCCl GCGACG
CACCGCCECe (GC GOCAGCCCCG
A2GT3TACGS GC CGGECOCL O
CCGAGCECCc C GCCGAGGACC
CGGACCGECA 5 OGATCCGACG
GCGCCGGEGA TEE0A CCGGACCT' €CG

CC GACGACGAAG
GCCAGAAGH 1 CaACGCATOGT
GGCC7 GECA] 5 ACAT' CACCCA
TGGGGXAGA] CG TGGGTATGGT
GGCNGGECC CA' r' TCCTTGC
GCDGG CGG| AG TCCCA TAAOBGAGAIG
CGTC GACCH TG GECGECGEEEEC
ATGACTATC GGACAC Gl1\ 3 C(FGGCA@(FC
TC G OTCAT TTT m&e TC GGOCTGTCGC
TTGCGGTATI "GG T COCCC! C

AACGP19' ¢
TCTTGCTGGH
CGGGATGCO!
OL1" 1" CAA
CACGGCGAT]
CGCCCTATA
GACO +GAA

1 G @M@W@F @EAGTCTANGERATFCACA
5 GCCTTACTGS ATTAGU CAGTCTGAAT GACCTGTCAC GGGATAATCC

l'f‘l‘

Té ?I-‘ y

(= '- R

1 A 7 S i Y R v

GARAGTGEFICA GACTGOAARR TCAOAGAGCA GGAACTOICTO MACRACRAMA
AOTCAGATRO CACCACATAS CASACCOGEC ATAMBACGOC CTGAGAAGCED
CETEACSGES TTITOTTCTA TTATCCGTAG TTTCCTTECA TGARTLCATA
ARMGGCGCOT GTAGTRCCAT TTAROCCCAT TCACTGUOAG AGCCGTOAGT
GCAGDEARACT GAATGETCACS ARARRGACAA CGACTCRAGGT GOCOTGRATEST
COSACRCAAR BOOAATATTC ASCGATTTGC COGAGCTTOL GAGGETECTA
CTTAAGOCTT TACGGGTTTTA ACSGTCTGETTT TETAGAGGAS CARACAGUGT
TTGCGACATS CTTTTGTAAT ACTGCOGEARL TGALTRAMGT AGTGAGTTAT
ACACAGGECT GGGATLOTATT CTTTTTATCT TTTTTTATTC TTTCTTTATT
CTATARATTE TARCACTTE AATATAMRACA AAMAARACKC ACRARGCTCT
AGCGEARTTT ACAMGAGCGETS TAGCAGAATT TACAMRGTTTT CCAGCARMAGE
TCTAGCAGRAR TPTACAGATRE CCCACARITC AARGLAAMAG GRACTAGTART
TATCATTGAL TAFCCCATCT CAATTEGZTAT AGTGATTARAA ATCACCTAGH
CCARTTEAGA TGTATSTOTG AATTAGTTET TTTCAARGCA AATUAKRCTAG
CGATTAGTCE CTATGACTTA ACGGAGCATE ARACCAMAACT AATTTTATGC
TGTATFECAT TACTCAACCT CROGATTGAR AACCCTACAA GOARAORACEG
GACGGTATCA TTCACTTATA ACCAATACGT TCACATGATG MAACATCAGTA
GOGAAAATEC TTATAGTETA TTAGCTAANG CRACCACAGA GOTGATGACS
AGBACTETCG AAATCAGGAA TOCTTTGGTT ARAGGCTTTG AGATTTTOCA
CTCQACARAD TATECCMAGT TCTCAAGCGA ARMRTIAGAA TTARTITTTA
GTGAASAGAT ATTGLOTTAT CTTTICOMST TAARARARATT CATARAATAT
RATCTEGAAC ATGTTARAGTE TITTEARAAC AAATACTCTA TGRGGATTTA
TOAFIGETTA TTARAAGAAC TARCACAALAL GARAMTCAD AMGGOARATA
TRAGATATTAG CCTTGATEAR TTTRAGTTCA TGTTRATGCT TGAARATAARC
TACCATAAGT TTAARADGCT TAACCAATOR STTTTUAARS CRATAAGTAR
ASATTTARAD ACTTACASCA ATATGARATT GQFTEITTCLT AAGCOADGCC
GOCCCACTZA TACOTTGATT TTCCARGTTG AACTAGATAG RUAMATGSMT
CTOOTAACDG AACTTCAGAR CAACCAGATR AARRTGAATE GTGRCARAAT
RCCAACARDD ATTACATCAD ATTCCTARCCT ACGTARDGGEA CTARGARAAM
CACTACACGA TOCTTTAACT GUAMMAATTL AGOTCACCAG TTTTGAGGCA
AARTTTTTGA GTCACATECA ANMSTAAGUAT GATOTCRATE OTTOGTICTC
ATGGOTCACG CRARAACRAC GRACCACACT AGAGARACATA CTEECTAMAT
ACGGAAGGAT CTSACGTTCT TATGECTCTT STATCTATCA OTOAAGTATC
ARGACTARCA ARCAMAAGTA GAACAACTTGT TOACCCTTAG ATATCRAMGD
GRAARCTOTE CATATGECACA CATOAAMMCG GIGTARLAAN GATAGARTACA
TCAGAGOTTT TACGAGTITT TGGTSCATIT AAACCTCTTC ACCATGARCA

GATCGACAAT GTAACAGATG AACAGCATET RACACCTAAT AGRACASCTC

CC ATCAC3OCACA
TPEYS 24T CACTGGAC COCTI 3ATCGT
WMA 1GGA T 1" GThCQCEC

G Cl GEECTACG
CTTCTCCCTT

f GCGGCA
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CCACTCCAAC AATTGGAGCCC AATCAATTCD TCCGGACAAC TC3' 1t SAATKGCC3 CAAACCAACC
CTTOCCAGAA CATATCCATC GCC VCCGCCA TCTCCAGCAG CCGCACGCOG CCCATCT C% C@%@I G
GICCTCGCCA CQOGTGCC- 0CA TGATCGIGCT CCT CTCGITG AGGACCCOCC3C TA

G&oce 1 w AGLUKTGAATC ACCGATACCC QAGCGAL1 CGl' QOAA

CTGCTGCAAA A CC GACCAAC AACATGAa4TG QIL'1'1' CGGIT 2I‘G,“ﬁﬂ"I'TC
GTAAAGLCTC GAAAQCCGGA AGTCCCCTAC GIGC CGVA_ AGITGCCCGC AACAGAGhAT GGAACCAACC
GGTCATACCA CGATACTATG ACTGAGAGT Geadd@BCCCATGA.  GCCCGCCTCAeds * 1" L' CTT ARNE G |
CAGTTACAAQ SEQTICCQCATCC GCTGCCGGTA GCTACTT1 AC TATCCGECT( CACTAGCCCT RS
e} TCAGATOIEET CTGATCC AAGSCAAACT CCCAAAATAT CT GCl" GGCA( CGCGAAGICAG

CCCCCTGCACQ ULTA  CLCDGI
C<ACC TACA [ CTCTOGTGCC
GCCC TATCC MA CCQTACGAAA
ACGTACGGTA MG AAAGTCCGTT

AAGT GCCAAT CTACATTATG TTTCGATATA

TCACACAGT S CCCATATCCT
TAATCTGO 1 AATL AATGCTT TCT
COCOCGGAGE TAATCATCCA 125 WD
(12} 085923 CQTCT
TTATCACCAT T
ATGTCAOCCA C
TGC3CTATA] 5
AATATCGTCA s

i G VCA7GGA 3GT

TSC TGC TGTG O FAACTC
ACCGATTT dC ' T FAGCTC ACGAATGACC

CTQCTVAf 3 |TTTC CTGrrcr", 1C

AGAGAA]~" g SGGECOGEC AATT [VVA
ATTT' ' COT CTTT ATCCGGCTTC TGIC
1' ATCT CTTH %ﬁi ! [G TTTTTCCGCC
AC3ACCr TCOC CGclr Edp't IGM%A@TW@%’E@IAGW GGM CTCCCCCATC
GCATCC3TPAA CA PCTTCAT GGCATCACTG
ACCAGT T SCC GGAATC GGAT

TCCTCCTCAG GC \TCCCT

BABRAGEARG AET.RTGA.GT& "I"DCM"I"I‘T COFTUTCGLC CTTATTOOCT
TTTTTGEUEEC ATTTTGCCTT COTGTTITTE CTCACCCAGA AADFCTGGTSE
ARAGTAARLG RTGCTOARISS TCAGTTGEEGT GTAICASTCGE GTTACATCGA
ACTGGATCTC AARCAGUGLTA AGATCCTECA GAGTTTTCGZC CCCGAAGAM
GTTTTCCAAT GATGAGCACT TTTAARSTTC TECTATGTGH CGUGETATTA
TEOCATATTY ACGCOGEGCA AGAGUARCTC GITOGCCICRE TACATTATITC
TCAGAATEAD TTOGTTOAT ACTCACCAGT CACAGAARAG CATCTTROCO

ATCGUATGAC ARTAMGAGAA TTRTGCAGTG CTEOUATAAL CATGAGTEAT
ARCACTGOGG CCAACTTACT TCTGACAACG ATOGGAGGAT CHARGGAGCT
ARACCGLTTTT TTGCASARCA TOCEGEGGATCE TEFMAMNMTOGT CTTCATCGETT
GEOAACCEGA GOTGAATEAR GOUATACCAR APCRCCAGCG TGACKICTRIG
ATSCOTOCASG CAATGSMAM ARDGTIGCGS AARCTATTAA CTGRSCGAACT
ACTTACTCDA EOTTCCCGEC ARCRATTAAT AUGARCTGONTE RRGOCGHATA
LAGTTGUASE ACTACTTOTS CCOTOGGOOC TTOCGHCTEE CTGETTTATT
QCOTGATRAAT CTCEMECCGS TCGAGCGTEGEE TOTCGUGETA TCATTGCASC
ACTEEGECCA GATGEOTARGE CUTTCUGTAT CGTAGTTATC TACACGACGE
GOASTCACCC AMCTATSSAT CARCOAARTA GACAGATCOD TGRGATAGET
QCCTEANTOA TTAAGCATTG GTARCCCOGE ACCAAFTTTA CTCATATATA
CCOACAGESS TOCSAACTET TETARCTCAD AATRAGAAAT GAGGCCECTC
ATGGCETTCT GTTGCCCGTC TCACTESSTEA AARGARRARS AACOCTGLOS
COGCTTOTTT GAGOGRACGA TCARAXATAA QIGGCHCOCC ATCARAAAMA
TRTTCTCARS ATAARBARCT TTOTGTARTA CTTETAALGS T

68 | ATGCGUACGC TTCTGATCGA CAACTACGAC TCGTTCACCC AGAACCTGTT three genes (papABC) | Plagmid
CORSTACATC GOCOASGODA COBGOUAGOC COCOBTDETE COUAMIGACG

COGACTERTS GOGGOTGCCE CTOGRAGEAIT TOGACGLGAT CETCETGTOD
COGEEC0O0E GLASSOOMGE COGGGAACGES GROTTUGAGR TUAGCOGOOS
SACGATCACS GACARCGGIC TGECOSTOOT LGQCATCTGE DTCGGOCROC
ASGOOATCCC CORACICTONR SOSRAACCOA TGCACGOCOS GETCTCOGAS
FIGCOCCACK COGCOBAGHA COTCTTOCGE GOCCTOCCOT BECCETTOM
CECCOTEeEE TACCACTOCE TEGCOGOOAD CGACCTOCNL GACAAGCTOL
ARCCCOTORT CTGGABCEAS CACGGOOTCS TOATGHEGOCT GUOGCACLGT
GARARSCCGC TGATGEEMGT CCAGBTTOCCA DOSGAGTCCR TOGGCAGIGA
CTTOER00EE GAGATCATIE CCAACTTCOS COACCTOGCC OTCGOCCRACT
AMCGEGCACG TCGCOAACGOS GSOCHACTEGC ACTACGAACT CCACGTRORC
COCGTCOACE TACTGCCGEA COCUGAAGAG GTROGLCRCG STOOCTGOCC
GEACEAGGGT GCCACGTTCT GOCTEGLOAG CAGDTUCHTS STCGARGHUG
COTCHDCETT CTCOMCCTE GOOCANGADT GOEECCCGOT CGOOGAGTAL
OTCACCTACC GUOTCGOCOA CGECETCETC TOOSTCOGEE GOTCCGALGSE
PACCACGRCD OSGGACGUGE COROCOTOTT CAGITACCTE GAGGAGCAGC
TOGARCEGOD GRIBGETONC GTCGEOCCOCE ACCTECCOTT CAAFITCARS
CTOOCOTRNE TOSGOTACCT CGGCTADGAG CTERAAGECGS RGACCACTOG
CRMIO0MGrA GTACCARCCC CGCACCCRGA COCCEORTTS CTCTTCOCLG
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CTC GCDGAC3G G=' 1' CCCGTA ACGA139TACT CACGICAATT ACGCTGICAC GITCATCACL

GGACTGCTGC ACCTWCTTT CAGCCTCCCT GCGC: TCAAGA ATOGCCTGTA GC' YGCTEAGT

ATCGMTCGC TGAACCI 9AC COGCGCCCACH ATC~CCO i CA OGCTCACGGT CAAWGCCC +G
CL3CCTTCAGES RABEBEGAAT CAACCCGC7C AGCOTC3CT33A TACOWICAA Cpd&eETAGles

CTMAGG ' CA GCCCAGCGIC TCCCTCTGCG CAACAACQTA 7' TCTTTGC( Tl

TCGGTCO

""‘"|"‘|1'
Al

'1G

TTT ACHFEEE T T FOCEEEAE . CECETEEa0E-FEFFEETE-T—TAGEEESTTTAAAAT:
‘1" CAIX-, §,;rg\c C36n' ¢ AATACC AATG COT: CAGA13A ACATGATATG GG
OXCAC CGC| Al y' OGC TGCTTTOGQA TTATGGATALS CGAACTGATA GECATGCL, aG TC|, CCAATYT
CCTGTI CGAJ \ ane ACCCGGCA. CAATCTC
CATTT' CAC! I N e g amimya , \ TT TCCAGAACL' €
UGACGGTTTA TGIEETacEe q&@[c@@@cmmmﬁﬁ@rmamcm CAAGG CGGA
GICTTI 1 %‘%@ﬁ“ TOCEHISAPSE (opeeas! CATGAG QA 3AGECACT
GCC 2T 1" phiet Wa'e g NalNa M Ol rr T ATCCCGLCTGA
AGGGOGCAC  CTEAARBTITAKGTCR CACRAGEH AATAAAACAG
TTA "1 Onc| GA -ggggwegg@c mm G AA TCATL " 2| CTT
AC3CA' | TCAOX 4 AACPAT { 3GGCA(3CA% A
AAGAGT GCA x. Be SERERAAC TTATGCT+GAT
ACTGACCGA], AMEIERTR mmmm MG C: TGCPGATGAR
GGCTGAACA ACCl ' GATACA
GGCAQA. AA| e TG CTCTGTACCA
GI'c'T' &0 arpes +GGGTA AGCCTGFTGA
TGATACCGCT *ﬁm@c@@ !@DW@@A@G@E eﬁmffr@m@@wmc QC3GATAATCC |
GAAGTGC3+ s AAAA AGPCAGATRG
C. ACCACAT 3C TTTTCTTGTA| TTA?+GG
TAG TTTW? CCCCAT TCACTGLCAG
AGCCC3Tt 3 G 3T GOCTCATG| T
CGGAGACAA) TA CTTAAQCCTT
TAGC3GTI T TC CT=TG AAT
ACTGOGGAA TT CTTTTTATCT
TTTTTTATT AAAAAAACAC ACRAAGGTCE
2?1 OCGGAAT] CGG TCTAGCAGAR
TTTACAGAT : 4 C TAGCCCATCT CART
' GGTAT A ATTwammmmmmqmmr AAA AGTTCT1' TTTCAAAGCA
AATGAACTA A R BAREEAAGCT AATTTTATCOC
TGT43TGCC AAECIRAAackitAlA{ 3AACG GACGGTATCD
TTCACTTATA AccAmFm@e WWW 1 CIEMARTC3C TTATGGTGTA
TTAGC TAARC a@mmﬁggm mm%L ACTamo0s

CACCCTOCAS COUACCOATH AUGAAGGUGA GAAGEACCOGE TGACTGAGCR

GAACGRGCTE CAOCTTEOGRG CTIGLGLGLAG AGCTOGACGE CCTOGACGRG

ACGCTTCTEE ACACGETGOE GOGUOGCATC GACCTCSGTG TCOGCATOGT

GCGEATACAAT TCOUGGCACE GULATCCCGAT GATGCAACCT GGICGGGTCR

GOCTEETOAL GGACAIGCOC GUCCACTALG COGDCCLOCR CEGCCTTGAC

GAATOSTTOS TOGTGAACCT CTACGACDGTS ATCATCACGE AGATETGCCG

COTCEAGGEAT CTGETGATGA GOODGGEACRG CCTGACDGGED GROGACOGEC

GOTGA
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AGAACT ' 1' GC3 AAATCAGGAA TCCTTTGG T AAAGGCTTTG Ai 3ATr TTCCA C, TGGACAAAC
TATL3C _CAAGT TCTCAA{3CGA AAAATTAGI1A T' TMATT7r A CTCAAGACAT ]4T! TQECTTAT C |
r TCOCAGT ' 1' AAAAAAATT CATAAAATAT MICTGGAAC ATGTTAAGIC | "rr GAAAAC AA

| TACTCTA TW A TGA=CGTTA ' YTAAAAGAAC ' PAACACAAAA GAAAACTCAC AAGGCAAATA
TAGAGATTA{ BRTC3AA TTTAAG rCA TG' 1" TAATCC' T TGAAAATAk ECFASORIBAT, T
TTAAAAGGCT TAACCAATC, C GTTTT' C3AAAC CAATAAGTAA AGATTTAAAC ACTTACAGCA

ATATGAAATT38H( . WhildhEGKE b frba{béern@itetbad T \e&Hd BALT fdr e G
AACTAGA' r AG ACAAATGGAT CTCS MCCG AACTTGAGAA CAACCACATA AAAATC3AATC3
GTGACAAAA It apd o i ATGAd excigaeaT amoskibeEnaheatianr Anadngaf tiaCTACACGA

TCCTTTAAC T CCAG TT J | AAGCAT
GaTCTCanT %%’%%A%ﬁm AL SRR R o e
CTCaCTAAA R eACR2 AR veTie Fot GXarHEEHHe rdehnfdud IQ&:M afaths dedéibddATC
AAGACTAACA AACAAAAGTA GAACAACT+GT TCACCGTTAC A GAAAACK GTC CATATGCACA

memmummlmmvmnam@ﬁpmmmm Paes et applaiTer TC

02/ 085023 L AEITTERRIRIPCar I U1 AT e TR IO RA R EA R T
AAATTGAAC/En@@T AN G pded o kh\Sdie xS ERGh Wﬁ%&%

AGGCSGATG TAT TCAAAGC PGC CGACA7 CACC GGA

TC, mmhmmwmﬂm@pgwmmmm indis@edvdx: meorratet3ty CGGATCTCG
ATTCTGATAA A - AGAAC A CCCCGTTTG CGGGCAGCAA AACCC&TACT
TTTGGACGT T &R PGECCA CTGG TGATCG GGCG TPaCCC GCAAGATCCA

TTATGTTAAA C@EGCGAGTT TACA 1' C DCAA AACCOCCCOC ' CTAACACCAT CAGAAI k' !'" +CCT
CAM MATT TT, ACCACCA ACCCCCCCCC GIAACACCCA AATCCATACT GAAA TGECT Tr G rr GAATA
AATCGAACTT TTGCTGAG " P GAAGGATCAG ATCACGCATC CTCCCGACAA CACAGACCAT
TCLGTGLCAA WCAAAM r T CAGAATCACC AAC] ' GGTCCA CCTACAACAA AUCT' CTCA' rC
AACCGTGOCT CCCLCACTT"T CTGECr SAT GATGAGOCCA TTCAGQCCTI | TATGAGICG

3CAACACC 11 CATCACGAQU A. RGGCCCCAG CCCTATTCTG ATCTCGCCAT CACC kDQGTT
CTGGTGATTA AACGCCTATT GCCHT3CTI ACC CTGCGGGCPG Ci 3CAGGGT'T' T TATTGATTCC
ATTTTTGCCC TGATGAACGT TCCGITOCGC TGCCCGGATT ACACCAGTGI CAGTAAGCGG CCAAAGPCOG
TTAATGICAG TTI CAAAACG TCCACCCOGG GTGAAATCGC ACACCTGGTO A' Y' | GAT' TCCA
CCGEECVGAA GGT+CTTTCGT GAA. GCCGAAT GGAAAGICAG AAAGCACGEC AAAGACCGECC
GIOBTATCTG GCGAAAGITG CATC GCI G TTG#L AGCAA CACACATGAA GITG CTGZG

CA. GACCTGIC GCTGAATAAC MACOGACT CAGAAGCCTT CCCaaaCC2z' ATCCOGCAGA CTCACAGA A
APl TCAGGGCA
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GCCGCGOCAG ACG A CGATACCCOG CTCTCTCACC A' PCAAAC ' O0G COGCXA. AAAA ATCAGOGCGC
't1 ATTCCTCC COGAL1IAM CT GOGGC3TTACT GGCCOGGTaA ATATOCAGAC OQl FARGESH
CACLPC CTAA TCAGCGAATG ACCGGGAG A. ATGCGCHGTG MAMVA ACAQATTACA ACCGTEECX C
GATAGCGGAAWAIROSTIATGT ACCaGOTAAA ACAGCTGTTC G ; GRTTCAC TGABEGETERMA 2465
TGACTACGAT GGTCAGGTTa CGGAGOCTAT GGCpCTOOTA CGAGCGCTGA ACAAAATGAC GAAAGCACGT
A TGCCTGAAA GOGTGOGTA' T TGCCTGAAAA CACAACCCOC TACGGGGGAG ACTTACCCGA

AL TG ERMWEGSS, @ Tt aTO GTGAACTACA AAGCAGACCC 6TTC AGGTTA
TCAGTTTCGAT CCACAR FOAG CACEOCATAA AATATGCACA AGAACAGGAG CACCCTTCGC
ATTAAGCTGT GGT[ G ' AACA AGTAGTOCCG GGCTACCATC: AGCGAGCATO ATGOGCTCCC

GOC ACTTTTC. AP ARBEER 4 GEFPAYE TR AR TETOURN SORP AT
AGTATCAGTA TR A e A/ S RArA T Mo o A fpc RN e

CCTCTTTDTE-BRIAGBTAGARAACKE aEHSn tally AiAdAG]a:MBETIRENA WihaEQCse

GCA GG GI1ACATCGA ACT T CTC AACAGCGGTA AGAT. TGA GANSTTTCGC CCCGAAGAAC
GTTTL' mnat éﬁ@fﬂ%c%&s& o8 Sﬁ@,ﬂr&m@ A?ﬂm

AC! OCCGE Gt AGAEEAACI C GGTCGCCGCA TACAC 1' ATDC TCAGAATGAC TTGGITGAGT
ACTCACCAGI CACAGAAANG CATCTTACGG ATGGCATGAC AGTAAGAGAA TTA' 1'' GCACTG

CPGCCATAAC CAT. ! G, CGAAGGAGCH
Ao T Traliem Bele R e
GCTGAATGAA T Al CACCACO AT GCAG CAATGGCAAC

AACD' ' i UCGC%C@E?FW (S %—eﬁ\%&f : RREFEFINAT AGACL

Gl TG GAGRRRATAIAAGTTGCACG ACCACTTCTG CGCTCGGCCC TTCOGGCTGG CTGGTTTATT
CCPGATAAAT  CTGGAGOOGG TGAGCGTGEO TCTOGOGG A TCATTGCAGC ACTGGGGCCA GATGGTAAGC

CCT TT AT _ - TA
caCAGtrooe Teata I RGeS R B SR MR AL
CTCATATATRsdReRATAGRSEIT GCOGACTGT TGL™ AACDCAG AATAAGAAAP GA4 CCCGCTC ATGGCL
TTC t OTTGCCCGTC TCACTCGTGA AAAYAAAAAC AACCCTcOCC CMGC " PC1* TT GAGCOAACGA
TCAAAAATAA 9meﬂz\ﬂm NARAA e #h CTTGTAACGC
T 68A GOGCACGC TTCTGAT CAACTACGAC TCG?TCACCC AallACCTGTTduet gees (p
pABC) Pa85ateh¢aebaaandTAEATC GdCSGAGGCCA CCGAGCC CCCCGTCGTG CCCAACGACG
CCGACTOCTPC GCGGCTGCCC CTCGAGGACT TCGACCCOX CGTCLT1GTCC CC002CCOCO
GCAGCCCCGA CCGRGERAOGEHRAITROHRMGAN T,0AdBI08e0RGCROGATEAST @AGAGERE CC
Teoccggf ‘CCc COTCTOC CTCGGECCACC AGOGCATCGC CCROCTCTCG GC3GAACCCA TGCACGGCCG
O TCT: ENkasy CA COGGCC; AGOA CGTC1 r CCG6 GGCCTCCCCP CGCOGTTCAC

CaCCGTGCCC TACCAC TCCC TGGECCGCCAC CCACCTCCCC 4COAGCPOG )
7. The composition of claim 6, whercin the eukaryotic cell comprises a yeast cell,

SN
e

a mammalian cell, a plant cell, or an insect cell,

8. The composition of claim 1, wherein the translation system comprises an in

vitro translation system,

20 9. The composition of claim 8, wherein the translation system comprises a cellular

extract.

18. The composition of claim 1, wherein the O-tRNA comprises & nucleic acid
comprising a polynucleotide sequence selected from the group consisting of: SEQ ID
NO:1-3 and a complementary polynucleotide sequence thereof.

25 11. The composition of claim 1, wherein the O-RS comprises a polypeptide
selected from the group consisting of:

a polypeptide comprising an amino acid sequence selected from the group consisting of

SEQ ID NO: 4-34
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AACCCCTCOC CTGGAGCGAC C, AC, CCOTCO TCAT3GGCCT GCGGCACCGC GAGAAGCCGC
TGATGOGCGT CCAOTTCCCA CCGGAGTCCA TCGGCAGCGA CTTCGGECCaG GAGATCATa3
CCAACT' 1' CCG CGACCTCGCC CTCGCCCACC ACC GGCACG TCGCOACGCG GCCGACTGOG ACT 10
GCPACGAACP %% ' &t 3AcG TOCTGCCGGA CGCCGAAGAG GTACGCCGECG
CTOCCTGCCC C CCCACGI "TCT GGCTGGACAG CAGC PCaCGTC EfARReZ6E
CCTCGCCGTT CTCCTTCCTC GGCGACGACC GCGGECCCGCT CGCCGAGTAC CTCACCTACC GCGTCGVA
CGGCGTCGT ¢ ralgmspideemodet by anadeicostbarsehie OaiemedatE:Capeac Slkted
CAGCTACCTG GAGGAGCAGC TCGAACCGCC G?GCGGRGTCC! C GTCECCCCCO ACCTGCCCTT
CGAG " TCAAT TRAGEOIACET-0REET THRITTD OEHST A6 GG @% %ﬁm&gﬁ@@
CGCACCCCGA GTACCGGECCC CGCACCCOGA 'CGOCGCGT ' € C | DTOGCCG 9 203 PCT?E
@I 12465 b2l ndOiRed#55923 PC TYLJS02, ' 12465 SEQ Se uenceNot est RNA | D #RS
ACCGCGCCAT CGAC C+CCAGGAAG GC CCTGCTA CCLGCTG CC CTCGACCGCC
GCl GGCCACGA CGACGGCGCC CGOGCCr GGC TGMVGQA] 3AC GQUCGAGACC CTCAC' L C3GCC
Tt 3DCCGTCCG CGI2CAAEROmpBEG0TdAC1akEN TOBREATRES 21810000 AatiaCaNFHIEA is

GCr CDCGCAC CQACAA [SGACGCCTCG GCGC' TCCDCA
ACGGCI AG15€ SABTACEA Layssitecarle 3dicmphibaldanine,

ASTTCC &Wﬁ%@“@?@%@é@%&%@%%“

ACGQCGGCGEWAAMAAI@L@EM@M@S&
Af 343ACGAGCO CCCTCCGCGCC GACCTGGCCGE G_GGAf% GGW GAGAACCX GA
TGATCGT CGR-2adre-pherdaapneaycactdpimaxianie, po- @@@dﬂem)ewtmmmﬂmc

oo e P e R W © RS RER TR 5505 ocTc

TGAC QOCCHEF b heh AR AR :ﬁﬁﬁm ANhldadn %@n}@ﬂ&@ PGy CC7TCGL3GG
CGTCTr ACCC GGGEECCCTG3 GATGQTTCGC CC - A( SCGGC %& CAGCRTCQT

CATCCGCACLUnaFErst emiegyr: dedksitcec mmatdmroagraleariogese sehtoant enime

chooaocT S AR AR IR0 v A R
GT CGT CC6 Clae P eiaiae sehfan Ghldtn@Bikaldied hGhrebiihealni dXelah @yl FeghhayBC7 OGCC
AGCCGCACGC TCGTCC C GA CCTCGTACCG CCGCCGGGAC W CTGCCTGGT

QC3 CQACGT @&ldocerinedulys eduecnsdrresdidahednagt a ether, thiol, sutfonyl,

15  seleno, ester, thioacid, borate, boronate, phospho, phesphono, phosphine, heterocyclic,

enone, iming, aldehyde, hydroxylamine, keto, or amino substituted amino acid, or any
combination thereof; an amino acid with a photoactivatable cross-linker; a spin-labeled
amino acid; a fiuorescent amino acid; an amino acid with a novel functional group; an
:amipo acid that covalently or noncovalently interacts with another molecule; a metal

20 binding amino acid; a metal-containing amino acid; a radicactive amine acid; a
photocaged and/or photoisomerizable amine acid; a biotin or biotin-analogue containing
amino acid; a glycosylated or carbohydrate modified amino acid; a keto containing amino
acid; amino acids comprising polyethylene glycol or polyether; a heavy atom substituted
amino acid; a chemically cleavable or photocleavable amino acid; an amine acid with an

25  elongated side chain; an amino acid containing 2 toxic group; a sugar substituted amino
acid, e.g., a sugar substituted serine or the like; a carbon-linked sugar-containing amino
acid; a redox-active amino acid; an ¢-hydroxy containing acid; an amino thio acid
containing amino acid; an o, ¢ disubstituted amino acid; a f-amino acid; and a cyclic

amino acid other than proline,

30 13. The composition of ¢laim 12, wherein the at least one unnatural amino acid is

an O-methyl-L-tyrosine,
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GGACC MUT' C C1' GCTCGCOG TACACGAGGA CGTC; GOCCTC AAC3GCCA7r Gy CGCCCGTGAC
CCGCCTCATO CGACc GGECG CGCTGCTCGC CGAC, ACCC' r C TCCGTCCCzCA ceeocgﬁg N0
OGCGCAGCTC GCUGCCCACG OCCCCGGCC; T CCAGCACCTG GGCCPCAAQOC CCATGIT :
CCCCoCCaoc GCCCGCCCGT GACc GCCGTG ¢, TCACCAGSG AC BCDBE6/ 12465
CGTCACGGC C CTGCTGCGGEC TCOTCGA{ ' GG CCVaCGRCGGC.  AOGCCCGTAC C3GCTCACGEC

At aCaaie L Gt A S i s ©
CTTCGGGOTC GCCCT %lmﬁ %&éﬁﬁ‘"&
Gcwmmw@hw@uammm GGCCCGMICr  CTCGGCGGCA C, C; CCCaA. GGT

Tr ACGGDGAC ATCCAGC(3 3T CCAACCCCCG GGOGGCCTCC (3CCGCuccGC3G CGCTCGCCGA
GGOCCTGCC3C GO nmmmﬁ%%@%ﬂ $G5d%k C -

, +. CCGc, GCCGAC  CaAl CGACC GCACCGACAA CCCML3CCAT CCCGGGGGAT GCCACGEOGC
Cc GGAACCSS apices goesenyts; pr Padivberptain i GrpicoeetminTeaRetecs AGCTCGCGGC GGGCCA
r G{ 3AC CAC FGCC, G AGCT3"TCCC CACCCTCCAC CCCACCGACG ACGAAOOC7GA GAAQGACCGA
TGACCGAGCA C 1. 1Ge cORpoSEiGARim & whAREGREa leatAGOdertoklidden i8a CO a

kCCTTc c¢cG G
nonsense codon, a rare caden, or a four base codon.

-')

17. The composition of claim 186, wherein the at least one selector codon is an

amber codon.

18. An Edcherichia coli cell comprising a mtRNAZ, and a mutant TyrRS
10 (LWJ16), wherein the mutant TyrRS (LWI16) preferentially aminoacylates the
mtRNAZ, with O-methyl-L-tyrosine in the cell and the cell uses the mRNAT, to

recagnize an amber codon.

19. An Escherichia coli cell comprising a mtRNAZ, and an 8S12-TyiRS,
wherein the SS12-TyrRS preferentially aminoacylates the mtRNAT, with L-3-(2-

15  naphthyl}alanine in the cell and the cell uses the mtRNAZY, to recognize an amber codon.

20, A compaosition comprising a protein, wherein the protein comprises at least
éne unnatural amino acid, and the protein is present in a concentration of at least about

100 micrograms per Liter,

21. The composition of claim 20, wherein the protein is homologous 1o a

20 therapeutic protein selected from the group consisting of a cytokine, a growth factor, a
growth factor receptor, an interferon, an interleukin, an inflammatory molecule, an
oncogene praduct, a peptide hu::-rmnn;, a signal transduction molecule, a steroid hormone
receptor, a transcriptional activator, a transciptionai suppressor, erythropoietin {(EPQ),
iﬂsuiin. human growth hormone, epithelial Neutrophil Activating Peptide-78,

95 GROWMGSA, GROB, GROY, MIP-1¢, MIP-16, MCP-1, hepatocyte growth factor,
insulin-like growth factor, leukemia inhibitory facter, oncostatin M, PD-ECSF, PDGF,
pleiotropin, SCF, c-kit ligand, VEGEF, G-CSF, IL-1, [1.-2, IL-§, IGF-I, IGF-II, FGF
(fibroblast growth factor), PDGF, TNF, TGF-w, TGF-P, EGF (epidermal growth facter),
KGF (keratinocyte growth factor), SCF/c-Kit, CDAOL/CDA0, VLA-4/VCAM-1, ICAM-

30 1/LFA-1, hyalurie/CD44, Mos, Ras, Raf, Met; p53, Tat, Fos, Myc, Jun, Myb, Rel,
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[~/ ~ ~ 'y }. . ' 4" v ACHXTTC : GG ACACO GCG OCGCCGCATC

GAC CTCGGTG TCCGCATCQCr GCC* TACAAc TCCCGDCACC Gr GGTCCCGAT GA' TGCAGCCC GaCc
GGTCA GCCr GGTCAA CGACAOGECC OCCCGCTACG CL GCCGACC A CGGCCTCGACrGf%AhTP ' TCC
TCGTGAACCT G ATCATCACGG AGATGTGCCG COTCGAGGAC CTGGTGAT L1
CGCCGQGAGAC \ .GAGGACCGcC CGTG# 128 0 f' " 1?2+ ? i BCRFRI1248685923
PCT/ C. 02112465 [3851 Wiile the foregoing invention has been described in
sone det ai ¢stibgen puegios pogestewnardctytonestonetons icadstr @lddsterivid ecdpeorCLBRr t O
one skilled in the an.froma reading of this 5 disclosure that various
changes i NEFGHOR: ATCQLESETO%an be made without departing fromthe true
scope of the invention. For exanple, all the techniques and apparatus
described abov&-cBif %@H%'é'@ﬂiﬂﬁgﬁaﬂizﬁu%’h@ﬁmbnarﬂtﬁnéﬁ hatnplogowd tb@at i ons,

ol 1 cat | aeaph bR Y R i bunt I B AL A BhETL SRyPSp. B |
pur posgs tAngibaagmnm AniheMolydie fhdto ag Antibullyy it ARl Ripbte e hh ApopRRdi S M,
patent application, anllor other docunent "were individually ihdicated to be
| ncor por at@uizbyatripestie fasterean Siriad mptringetisopeypeptide, RAG AV OEEOE6ILE WHAT | S
CLAIMED | Sihemokine, T39765, NAP-2, ENA-T8, a Gro-a, a Gro-b, a Gro-c, an IP-10, a GCP-2, an
NAP-4, an SDIF-1, a PF4, a MIG, a Calcitonin, a c-kit ligand, a cytokine, a CC chemokine,
a Monocyte chemoattractant pratein-1, a Monocyte chemoattractant protein-2, a Monocyte -
10 chemoattractant pmtf:in-l a Monocyte inflammatory protein-1 alpha, a Monocyte
inflammatory protein-1 beta, RANTES, 1309, R83915, R91733, HCCI, T58847, D31065,
T64262, s CD40, a CD4( ligand, a C-kit Ligand, a Collagen, a Colony stimulating factar
{CSF), a Complement factor 5a, a Complernent inhibitor, a Complement receptor 1, a
cylokine, an epithelial Neutrophil Activating Peptide-78, a GRO/MGSA, a GROJ, a
15 GROvy,a MP-lua, a MIP-16, a MCP-1, an Epidermal Growth Factor (EGF), an epithelial
Neutrophil Activating Peptide, an Erythropoietin (EP(G), an Exfaliating toxin, a Factor IX,
a Factor VIE, a Factor VIII, a Factor X, a Fibroblast Growth Factor {FGF), a Fibrinogen, a
Fibronectin, a G-CSF, 8 GM-CSF, a Glucocerebrosidase, a Gonadotropin, a growth factor,
a growth factor receptor, a Hedgehog protein, a Hemoglobin, a Hepatocyte Growth Factor
20 .'(HC!F], a Hirudin, a Humnan serum albumin, an ICAM-], an ICAM-! receptor, an LFA-1,
an LFA-1 receptor, an InsuIiﬁ, an Insulin-like Growth Factor (IGF), an IGF-I, an IGF-II,
an interferon, an TFN-¢, an IFN-B, an IFN-y, an interleukin, an IL-1, an IL-2, an IL.-3, an
1L-4, an [L-5, an IL-6, an I.-7, an IL-8, an [1.-9,-an I1.-10, an [L-11, an IL-12, a
Keratinocyte Growth Factor (KGF); a Lactoferrin, a leukemia inhibitory factor, a
25  Luciferase, a Neurturin, a Neutrophil inhibitory factor (NiF), an oncostatin M, an
Qsteogenic protein, an oncogene product, & Parathyroid hormone, a FD-ECSF, a PDGF, a
peptide hormone, &8 Human Growth Hormone, a Pleiotropin, a Protein A, a Protein G, a
Pyrogenic exotoxins A, B, or C, 2 Relaxin, 2 Renin, an SCF, a Sotuble complement
receptor 1, a Soluble IF-CAM 1, a Soluble interleukin receptors, a Soluble TNF receptor, a
30  Somatomedin, a Somatostatin, a Somatotropin, a Streptokinase, a Superantigens, a
Staphylococcal enteratoxing, an SEA, an SEB, sn SEC1, an SEC2, an SEC3, an SED, an
SEE, z steroid hormone receptor, a Superoxide dismutase, 2 Toxic shock syndrome toxin,

a Thymosin alpha 1, a Tissue plasminogen activator, a turnor growth factor (TGF}, a TGF-
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“lirx 20 P T/US02112465 1. A conposition conprising a translation system
the translation system conprising an orthogonal RI BA (O tRNA) arp(g s i
ort hogonal _am noacyl tRNA sytithetase (O IBS), wherein the ORS v
preferenti MY 240acyl ates the OtRNA with at | east one SPOmABUZIELS ami no
acid in the translation systemand the -t1 NA recogni ze$ at |east one

sel ector g0k 9OF-(% 2 TiGora0IROH FA, 8fTufdoR NTrbsis HiEl2 b e ThiAPAlblioN
system conprises a~cell. 3. The conposition of claimZ, erelrn e

transl at i tastespetzeailomoepnegess fachaateepica(TNER), a YDA pithancoNIRNiti on of

o e e oo Eaiehsl Oomat Hafty FOEDEER S Urikinse avioh A B s an
ar cheaebag hghti phsE 8! ar, 2060 THRI 9@@.9?,&%951 a%sl?érﬁﬁﬁ‘o%;;n 164;&@%&,@ t he
y el'l.*r.

transl ati on system conpri ses 15 eukaryotic c conposition of
clai m%®6, plogesénone reecpuk anysvsieropetdceptoran iskizsteroneaasdptarchn LD ares@ioel | an
cell, a plant cell, or an insect cell, .x S. The conposition of claima1,
wher ei n t #8 3 FOTHESIGTPRM system conprises an in vitro translation system 20
9. The conposition of claim8, wherein the translation systemconprises a
cel I ul ar ext r aéd Thecomposititn e elaims 2, whared thelpaptaimis atlsestabaut 3056 O atRNA

conpri ses | ' risi . |ynucl c otide sequence sel ected
fromthe l&rg%%g@?nsg‘? g@hﬁﬁdg&%%ﬁr’%nglﬁ%’qu 3 and a conpl enentary

pol ynucl eot i de ence thereof. .1 The conpposition of claim1l, wherein the
O RS conpri seszieﬂgq Japssiie '%§E‘@i?%&hFFHHr$H€?mMM%W§F stythrgpgsitin g

pol ypgpt i @(_Jrrpri sing an am no acid sequence selected fromthe group
consisting of" SEQID NG 4-34 130 1 9 OCT 2905 o 02/085923 PCTns2ft 246 a

pol ypepti de en | gi ¢ :acy 1 S| 3 g i L.de seqguence
selected f romiﬁﬁgﬁj%&oiﬁ 3@@?\’5&5&'%&‘%?&'8%%#%8 %Sgﬁglg%&égnﬁl enentary
pol y nucl ggiahdel ansiagueikee t hereof. 12. The conposition of claim1, wherein
the at | east one unnatural amino acid is 5 selected fromthe group

consi sting of : 2@NTRe EhFBSItid dNCTARI I8 whdkeid-thipreritAdibighted & 1Bt Rfec 2
3- et hyl - phenyl al ani ne, an 0-4-allyl-L-tyrosine, a 4-prop}]-L-tyrosine, a
tri- O aceuntfatur@lamingpeider i ne, an L-Dopa, a fluorinated phenylal arine, an
i sopropyl - L- phenyl al ani ne, a p-azido-L-phenyl al ani ne,
ap- acM - L- phen27.alencompositap: dfetamyd, bwhpteémthel pabain cvenprizes bt Jeph ésyrhi oser i ne,
a phosphonoseri ne,, a phosphonot yrosi ne, ap-i odo-phenyl al ani ne, ap 10
br ormopheny#EREHA) 3TN0 ACi98-a i no- L- phenyl al ani ne, an i sopropyl - L- phenyl al ani ne,
an

28. The composition of claim 20, wherein the protein comprises at least five or

more unnatural amino acids.

29. The composition of claim 20, wherein the composition comprises at least

20 about 100 micrograms of protein.

30. The composition of claim 20, wherein the protein is DHFR, and the at least
one unnatural amine acid is selected from the group consisting of O-methyl-L-tyrosine
and I-3-(2-naphthyl)alanine. '

31. A compositicn comprising a protein, wherein the protein comprises at least
25  one unnatural amino acid, and the protein is homologous to a therapeutic protein selected
from the group consisting of a cytokine, 2 growth factor, a growth factor receptor, an
interferon, an interleukin, an inflammatory molecule, an oncogene product, a peptide
hormone, a signal transduction molecule, a steroid hormone receptor, a transcriptional
activator, a transcriptional suppressor, erythropoietin (EPQ), insulin, human growth
30  hormone, cpithelial Nevtrophil Activating Peptide-78, GRO/MGSA, GROB, GROy,
MIP-1o;, MIP-16, MCP-1, hepatocyte growth factor, insulin-like growth factor, leukemia
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unnatural anal ogue of a t~rosinc amno acid; an unnatural anal ogue of a
glutam ne am no acid; an unnatural anal ogue of a phcnyl al ani ne am no aci d;
an unnatural anal ogue of a serine amno acid; an unnatural anal ogue j6f &
t hreoni ne am no acid; an alkyl, aryl, acyl, azido, cyano, halo, hydrazing,

hydr axi de, uslsgoggdaz al kenyl, al kynl, ether, third, sulfonyl _15 seleno,
ester, thioacid, berate, boronate, phospho, phosphono, phospHF'ﬁ’g]?‘wu"Gﬁ

het er ocycli ¢, . engne, imne, al deh%e, droxyl am ne, keto, or am no

s " r h . . a
subst i t ut e#nhibHay fagiargoncestatin M., Ry biSFaPDEF, p 1, S, arinbgad] VEGHE a

o aci a0 GSF el A ARG RGP bR PiaaCRols SN DGR TG ¢ ha
coval ent | y TGHF-8TGBBR EGR (epideithf 'gasl & fdibe), ROPLREtiABRE BloRith Facii, Aol

bi ndi ng am no aci d; a netal - cont ai ni ng am no acid; a radioactive am no acid;

a phot oca$feld CEHALEDHN Sl SSHEAM-AD] MR Aab,iyahaindTB44,Mos, Ras, Raf,
bi oti n-anal ogue...cont ai ni am 1d;. a glyrcosyl ated or carbohydrate
nodi fi € ameﬂbpesg(‘:?atj’ %35’%13%#%'%%933%%&?& o PRORRF NG ¢ GR O onpr i si ng

pol yet hyl e gidailay@iR! re@iptdR AN SHtet6hd redepl8RY NI LEPaL BAY bbMiLEerodll N0 acid; a
chemical |y cleavabl e or photocleavabl e amno acid; an amno acid with an 25

Cubst tuted am o5 erae RS ngRy e ABNE L AFCR B R R RRL

car bon- | i nkadusagant-ainb atid] agl theprotein dchaholegiado x-thatpeRicyibiom sakic@dd an
ar - hydr oxy ] thiq acid containing amno acid; an

cont ai ni ng aci d; am . ) I [
a, a di sub?f’ﬂ‘&]f" éﬁ’“ggrﬁoﬁﬂﬁtﬂlﬁ %?ﬂ & ’?ﬂggﬁ‘rlci’ﬁ‘%}%“@};a“a‘?ﬂ'%glaﬂéﬁlbIEF@HI@WH“&Ci d

ot her an | : . bt d ..cl Al ' at | east
ohe. Ui, AfeiodSly A pHt oSG Ml A RBr fbint A A hasr SOl IR B
02V( '} 85923 ARG Insd@etic giibyeEptide] an Aidalentios iatC-ohOathenioking T297650NMP-B, t he at

| east one ap ur am cidis a -3- (2-naphthyl)al anine. 15. The
conposi ti o#%&@-lagtb?ﬂ'%?,&ﬁﬂ%&ﬁ* 38 "Itml %§ép %ﬁ’é’ #o 6 PEshiaiFhai d i s
an am no-, p I 3 . |5 = Mg : aﬂ,qa | ogue. 5 16.
The comosﬂ%ﬁ%ﬁﬂg{!gﬁ'?nhlﬁrl%llgyb%%ﬁ%g&aa@?gg%?%%ﬁ% se g%‘?%? codon is a
nonsense cohtmmaiteactat proceiodna Menoaytkebembasectamtdwoteintd, a Fraocgaposi ti on of

claim 16, V\%erei n &he at .| east _.one Se’li\ﬁ?%t'or cadon .i in{il a%?r codon. 18. An
cherict a EUTPORRETANE BIRFISh ALY 's INAMMAtary RrofriR- Fr’*]'*li\yfil nogite LW 16) ,
wher ei n t hg fiHnadRs _ NS a1l ' md-;t DA
wth O net % L-tyr or ?arl{ée@ién{ tb%?gglgél I ah?ﬂ?ﬂgggéells}mgg%mt he %’%&ﬂ?%l%w
recogni ze A4 e Clrdde CD40digand, BS-diindrigard, a Codlagerg el Tolomynssitiiglating factor

r nt RNATI , d SS 12-Tyr R erein the S S12_-TyrRS preferentially

ani noacyl ai%@tﬁggw%wt%ﬁ& %%TPF%"EE'?‘FPAWI%QP%&M‘%EECFWW e cel | and
the cell u : al Qa8 sition
conpri si ng-égﬁlg&g’fa gﬁ%&é@g&lﬁﬂ?ﬁﬁﬂ%ﬁ%@@g?@gonﬁr |’sag§ﬁat | g%g%' ﬁgﬁgggﬁnat ur al
am no Hci dGRANG atNIEP-pie ot BITP- 1652 MEBe ndn Epidamed denth PdaaBEOF)pdn dpthekialabout

100 m t':rlo\]grams_per, liter. 21. The conposition of claim 20, wherein the
prot ei n i sNgeERWgbeHating Reptide, an Erythropoietin (EPO), an Exfoliating toxin, a Factor IX,

a Factor VIL, a Factor VIIT, a Factor X, a Fibroblast Growth Factor (FGF}, a Fibrinogen, a
Fibronectin, a G-CSF, a GM-C5F, a Glucocerebrosidase, a Gonadotropin, a growth factor,
a growth factor recepror, 2 Hedgehog protein, a Hemoglobin, a Hepatocyte Growth Factor

25 {HGF), a Hirudin, a Homan serum albumin, an ICAM-1, an ICAM-1 receptor, an LPA-1,
an LFA-1 receptor, an Insulin, an Insulin-like Growth Factor (EGF), an IGF-], an 1GF-11,
an interferon, an TFN-«, an IFN-J3, an IFN-y, an interleukin, an IL-1, an IL.-2, an IL-3, an
IL-4, an IL-5, an IL-6, an IL-7, an [L-8, an I1-9, an TL-10, an TL.-11, an IE.-12, a
Keratinocyte Growth Factor (KGF), a Lactoferrin, a jeukemia inhibitory factor, &

30  Luciferase, a Neurturin, a Neutrophil inhibitory factor (NIF), an encostatin M, an
Osteogenic protein, an oncogene product, a Parathyroid hormone, a PD-ECSF, a PDGF, a
peptide hormone, a Human Growth Hormene, 2 Pleiotropin, a Protein A, a Protein G, a

Pyrogenic exotoxins A, B, or €, a Relaxin, a Renin, an SCF, a Soluble complement
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20 therapeutic protein selected fromthe group consisting of a cytokine, a
growth factor, a growh factor receptor, an interferon, an ingerk ;ggkin, an
i nfl ammat ory nol ecul e, an oncogene product, a peptide horm)ne a signal
transduct i W@ ax9BE8| e, a steroid hornone receptor, a transperpsienaks
activator, a transcriptional suppr essor erythr opoi etin (EPO), ihsuliln,

h vvt h h Act t tl 78, 25 ROC M
Sxmi? 3gRrC)O 1 ﬁ\/a?"“ﬁpf w 1 Ef“ ﬂglﬂgg %@{r;ﬁ@r% E%ﬁftﬁ:ﬁ)e ;g’?dpcepmr al u
i nsulin-| 'Qﬁﬁnﬁélﬁﬁ&h fie@rh%stahﬁ%meotraﬂhba seéptamageoa sugas_\q@egg iy |, PD-E

SF, PDF, plei otrop| n, SCF, kit |igand, VE'EF I'L-2, 8,
| GF- 1, |e|$taph}flma1 @nﬁamt@nnasm Sﬁﬂw@kﬁﬁ&@ﬂcﬁﬂ@l ax:DSECZmFSEtD@Fan SEDTGF- 3,

ot < b Ry SRS R R AR b bl ol
Met; pS§, TAthynfin alphi£ 1, A PRsudWBsmiB8ken éeEZame &a&%%&%&*&&b%lﬁeﬁ:

estrogen receptor progest erone receptor, testosterdne receptor, ‘al dosterone
receptor, LAF G]F-éceﬂhnmr P&nrbsmdi‘ﬁ:tm’paﬂ[‘emmﬁ ecr2@is Fatter alplmms'l‘mmmmmfu sid ai m

20, mhereln t rotein is ho Iogous to utic protein selected
from the JF‘HB s EROTRECERSIS %ﬂWﬁgﬂim \%ﬁﬁt pratein; afiGAdEdatin, an

Ant i hem)l i aﬁ&%’ﬁ?ﬂ

Atri al natrluré?gaﬁ ?ﬂd&mgirll At'r ?@natr umﬁfgg{@pggﬁ’ﬁy%%&ﬁsﬁ%

pepti de, a MeXa@53chFankFos, aNBS?zﬁhm AARA? a RelNAnA8trogenGeceraor,a Oro-b, a
Go-c, an IP-10, a GCP-2, an NAP-4, an SDF-1, a PF4, a MG_a Calcitonin, a
c- it ' gATesesiefone IEeERiqTea [eRiaSIraneclieP FREN, Wea]dﬂgemﬁé%cf?@fé‘i‘eﬂ%ﬁqﬁ&afant
protein-1, ang a\BA M{e?& %hem)attract ant protein-2, a Mnocyte 10

chermat t r aCt ant protein-3, a Mn ocyte |nflammtory protein-1 alpha, a

Toseay paroee 3 aipbeteelfiaeh ik, Bt ring ol R B pphses MR ' L o

a Col ony Sinnbtabinieh dagd or (CSF), a Conpl enment factor 5a, a Conpl enment
i nhibitor, a Conpl enent receptor 1, a cyt oki ne, an epithelia? Neutrophil

Activating Peptjud gﬁgﬂ M P- 16,
a MCP- 1, an Epjl d?;hégtim%o Fact or %]“ ‘gﬁl’?}& t hg)rhpn?u]\%eut rophi |

Act i vdbi ngunReqotal dminamids. yt hr opoi etin (EPO) an Exfoliating toxin, a Factor
| X, a Factor VIl:, a Factor VIII, a Factor X, a Fibroblast G owth Factor
FF), a Fibri nommcuﬁnp@ﬁmﬁ@ftmmaz&r%n the P&ilconfprict U 06 e osi dase,
a Conadotropin, a growh factor, a growth factor receptor, a Hedgehog
protein, alﬂﬂéﬁﬂﬁélﬂ%ﬁ'mam‘ég Hepat ocyte Gowh Factor 20 (HF), a Mudirt, a
Human serum al bum n, an I1CAMI|, an | CAM1 receptor, an LFA-1, an LFA—l '
receptor, an | ri¥ulThe cua'rpuhimisuloifnlaimlaé, GherainthEgotiein com@Fses aldeasivd or an

IG~-11, an interferon, FN-a, an 1F' N-[3, an FFN-y, an interleukin, an
11 1, an |T0'§““a?+“‘fﬂ1m§m%ﬁ% “IL-4, an IL-5, an IL-6, an M7, anILS an
|L-9,-an*1L-10, an IL-11, an IL-12, .a Keratinocyte Growth Factor (I a

Lact of8rrin, a Fedi@mompoptieniof siymZcwheremghe poteinds Mﬁ@ééﬁotﬁﬁﬁu&ﬁwn n, a
Neut r ophi II dspMkt?g%%détﬁgz { Iﬁé\lll‘ﬁ@pﬂ%lﬁ@? Q%Rstatl n M an Osteogenic

protein, an oncogehe produ hornone, a PD-EC SF, a PDGF a

pepti de hornon Human G.owt ne ei,otro Pr ot ei,n

Dot de hor 101 o HIR S BNG '-'-'hw‘"dh Szl prole ikl
Sol ubl e cqepbgnment receptor 1, a Soluble I-CAM 1, a SoI ubl e interl eukin
receptors, a ol ubl e TNF receptor, a 30 Somatonmedin, a onmatostatiri, a

Somat ot r opi n,  @eStA ERhAIEHAPEom sﬁ%&&ﬂ% gRds hama'ékemnyqe&g%he
enterot oxins, an SEA, an SEB, a an SE an SECS, "an SI: D, an
25  exipient, wherein the protein comprises at least one unnatural amino acid.

40. The composition of claim 3%, wherein the protein comprises at least two

gnnatural amino acids.

41. The composition of claim 39, wherein the protein comprises at least three

unnatural amino acids.

30 42, The composition of claim 39, wherein the protein comprises at least four

unnatural amino acids.
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SEE, a steroid hornone receptor, a Superoxide di snutasee, a Toxic shock
syndrone toxin, a Thynosin al pha 1, a Tissue plasm nogen activator, a tunor
grow h factor (TOP), a TGF 133 WD 02/085923 90CT20j5 :PCT/uS1}2{12465 cc, a

T F-13, aTw@PH‘Ng ;0si s Factor, a Tunor Necrosis Factor al pg » ﬁfﬁﬂrﬂﬂ_ﬁ
necrosis factor Dbeta,.a Tunor necrosis factor receptor (TNFR) QAR 4

protein, a VAM| ‘protein, aVascular Endothelial Gowh Factor (VEGEF), a -
Ur oki nase, a M43, ‘Bheeampagitionagf claim 39 whereipte preteiNaompaisost lewst fiyeor a Jun,

a Wb, a Rﬁlﬁfﬁ%@@gﬁ%;ﬂ%gﬁﬂéﬁ%ept or, a 5 progesterone receptor, a

testosterone 1 osterone receptor, an LDL receptor, and a
corticosterone. .23, The conpositiaqn | ai m 22, wherein the protein is at

f
| east about 5094%r [ compasijongf plar o fhegroter 1s hamoEH A i ¢ protei n.

24. The co bk ' j 16 : | Dl

eyt P opoer et ity S1G168 fom HEREpRohink TS AU BLE Beb g

pr ot ei 16 cogmowitls Bxtatedepts; art interfeuor) ah tntadleikin, mo ivldrmisato?dmoldtelecmnposi ti on
in conprjses at |east three unnatural am no

f claim20, wherein th ot z
aci ds. 15 Wflwﬁgpef'e@ﬁo&%@ﬁ%sm%mﬂaﬁ fEP8, rafepciion melecyle. BeTiddHpPIZes at
| east T OUr el b WaAcribibl REVHSE atfinscHiichATEARELD bthrdlofuifl @0y hher i 1

the protein conprises ast ve or re un ural 0 aci 29. The
conposi ti omsulof, hatrah gri2Gth hofreors, rpithediat Nowespiil Lot saong Pepide-28, | east 20
The conpaosition of claim 20, wherein

about 100 nhcro rans of protein. 30. Th

the protei Wﬁjﬁ%,ﬁ:}%@ » RO aMIFe b MIB Q. MeXat. hepitoayie gervabifartess sel ect ed
f t [ Skl f -t ' d

LS A Bt K GioSi P 1 Rl b bl 3] Booslh M. BPARCSE, PRGEy i 1 e

protein coppioispm, 8CF €&filligard WREERGAISH, - 120, 20T128] lGF-ANGRMEF@Fotein is
honol ogous to a thera eutlcalgrotel n selected fromthe group consisting of a

cyt oki ne, Hibgetdoxt gravatbdantor) FYEEWENEF; AGFor. TRIGEpEGE, (epidertnal tgsowibrfosiorian
i nterl euki i nfl anmmat or I n rodu ept.i
nor mone. - aROFgRet ro SRR oiffors -0 CRUEATP I AP ARy A RERNE
transcript LQFal-1, BalurlhtD44d, Mod, TRRSRAf, Me‘tﬂﬁ_ﬁlT&QP&,M@UM,%%JH&DQ' etin
(EPO, insulin, human growth 30 hornone, epithelial utrophil Activating
Pept i del 7 SiroRak [eCAEIOR PIEERECEMECRBPIOL. KEtPsigrmne Kacper, alimtdrondusprt o 8-
growt h fac%ﬂt i ns@i‘%@-l i krg rowh factor, leukema 134 1 9 0 CT 205 WO
021085923 ts&b %%el I bitory factor, oncostatin M PD ECSF, PDGF,
pl eiotropin, SF,_kit |igand, VECF, F,.IL-1, IL-2 IL-S |G-, |G-11,
FOF (fi brobl ast"%ﬁ@ﬁﬂ”’?ﬁl‘f’%‘!ﬂ")“&g%ﬂﬁ&? giein tlﬁm@t?'@d? heeploggus & (epi der nal
growt h f aciyafaheude ARIALHPAYEEMANO Mobkn L8R Qb of Blaf-AlShA-1 dif 48
VLA- 4] VCAM 1,3137“%;&\/‘%% U'FA-T, hya ur?%oc&zaﬁ |vb“g,'rj Ras ,mggf , b peit;
Angiostatin, an Antihemolytic factor, an antibody, an Apolipoprotein, an Apoprotein, an
20 Atrial natriuretic Faclor, an Atrial natriuretic polypeptide, an Atrial peptide, a C-X-C
chemokine, T39765, NAP-2, ENA-78, a Gro-g, 8 Gro-b, a Gro-¢, an IP-10, s GCP-2, an
NATP-4, an SDF-1, a PF4, a MIG, a Calcitonin, a c-kit ligand, a ¢ytokine, a CC chemokine,
a Monocyte chemoattractant protein-1, a Monocyte chemoattractant protein-2, a Monocyte
chemoattractant protein-3, a Monocyte inflammatory protein-1 alpha, a Menocyte
25  inflammatory protein-1 beta, RANTES, 1309, R83915, R91733, HCC1, T58847, D31065,
T64262, 8 CD40, a CD4Q ligand, & C-kit Ligand, a Collagen, a Colony stimulating factor
(CSF), 2 Complement factor Ja, a Complement inhibitor, 2 Complement receptor 1, 2
cytokine, an epithelial Neutrophil Activating Peptide-78, a GROo/MGSA, s GROf, a
GROy, a MIP-1¢, 2 MIP-14, a MCP-], an Epidetmal Growth Factor (EGF), an epithelial
30  Neutrophil Activating Peptide, an Erythropoietin (EPO), an Exfoliating toxin, a Factor [X,
a Factor VI, a Factor VIII, a Factor X, a Fibroblast Growth Factor (FGF}, a Fibrinogen, a
Fibronectin, a G-CSF, a GM-CSF, a Glucocerebrosidase, a Gonadotropin, a grawth factor,
a growth factor receptor, a Hedgehog protein, a Hemoglobin, a Hepatocyte Growth Factor
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5 Met; pb3, Tat, Fos, Myc, Jun, Myb, Rel, estrogen receptor, progesterone
receptor, testosterone receptor, aldosterorte receptor, LDL receﬁé]o and
corticosterone. 32. A conposition conprising a protein, wherei Al ?-)q[]ﬁ)t ein
conpri ses WO 9288823 one unnatural amino acid, and the protePaTfiS0diraes ogous
to a therapeutic protein selected fromthe group consisting of a an Al pha-1

ant i trypsi Gy AReERS b Mdrn LAAAPLBEIINE A0 =hIeaN-1 @&p@dgaénpgg)r&f%ﬁ”

Apol i poprotein, an—Apoprotein, an Atrial natriuretic factor,

nat ri ur et i an IFod-l pegrptatezn hsulls, ahdhsyliedikedBrovdh BadoC(IGHD i KIRE an TGF/B5,
NAP-2, ENA-78, a GCE@\?’ a i%g% a_ Go-c,_an |IP-10, a MP-2, an NAP-4, an
SDF-1, a Ppdntegeraq @ EN<enpp TFIH, an TENG. g3 interleydking andLohy €8 Kiadean I-3can

chenoki ne, Hr apt otel Nyl ,na cyt enoattract ant
pr ot ei n- Z,H‘?’%g%c%%‘gD%g?gﬁgngaﬁ%gt%ﬁ#’%ra& |'1nq’§,“|§@’q%bﬁ%®y{i2’ # nf | anmat ory
pr ot ei §- 1 Kdrptivocyee Gfomab Fagor {GER TR @fymAl @ lcakemia iRRba RibES 1: 309,
883915, 891733, HCCl, T58847, D31065' T64262, a CD40, a 0 ligand, a

Ckit Ligdeiferased Nestwin, a Neytrephyil inbibitorafactny ONEQ, en ongogtatin M. @onpl enent

fact 5a, 1l t ] o] t t i ,
cpi t el i af ORETET ST E sk PotbEbiodis RERHETRE Ao iR O BRI 20 o™
gy, a M P-gepide Borione, lOHumalyiGhowth Hafmde] 8 Pleiddrogah oV Prlotdta &, QrPréiela @, AN

epi thelial_ Neutrophil Actjvating Peptide, an Er&ét hropoietin (EPO, an
Exf ol i at i iRyregnicexotoNmichoB, ok, 2 Relpsing oRenin an §CEax fedublgicomplememict or K, a

Fi b h i bri. . Fi b i G. CSF
G CSR0” 5 e det SORRELGRRT L 50l P aBERE i FogbioPt SRR TP retpdy 55
factor rechpifsmedinHeSgeoataln,of SimatoRopie PSreRbKinask, | g%él\rfﬁn{geasﬁ ow h

Fact'or 25 HGP%, a Hrudin, a Human serum al bum n, an , an_ 1 CAM 1
recept or, Haphylacacaal entgrotpsips, pn S pnGEB. 4n S6(slii2p $ECZn an SELB; #n BEReaty owt h

Factor (I G- LGE-1 1, taterf , .1 EN-cC LEN-Q, an
R G S bl ol b sop A A0 i R SndOd R

| L-6, an ldThymostnalbha B, a BiRsdelpl Ssmindgdnlactil&or,anulder IfowiBFadtbr TGF)aa TGF-
Keratinocyte Gowh Factor (KG_a Lactoferrin, a |eukem a inhibitory factor,

a 30 1fucid.arBSRP. a Tinegr Neetosis Faciosis Teopen Negrasis Baetor glphack Bymgmueryasisan

oncost at i t eogeni c. tein, an e roduct hyroi d
nor none, it Bk TGRSt RO R S R Y CB e, &
Pl ei ot r opigipotesh, EVaicola EhdoGeRl Croivth Biotof(VIRYEPY Qs kang, aNes aRasFa Ref, C a
Rel axin, a Renin, an SF, a Sol uble conplenent 135 19J[T2 5 WD 021085923

PCTf U502; 12Mle6 arpddepT ok 2 iFos.ca Mat.ublua. 2 Myk, g Rel, s ssbhgl ©cepional euki n

receptors,_a Splubl e TNI' [ So in F%malt atin, a

Somat ot r o e Bk LSRR sefopaie W AHENE R eecdpicl BLERL B o

ent er @poxidad.a certicekAromdn SEB, an SEC 1, an SE 2, an SEC3, an SED, an SEE, a
steroid hornone receptor, a Superoxide disnmutase, a Toxic shock syndrome

toxin, 5-a Thyngsifhedl ndf Ii%aﬁﬁus. ﬁ}éé}ém m%@’iei?% &Mg&gﬁhuﬁ SOUIE ar9" OWt h

sifio
factor (TGF), a TG—- a TG--3, a Tunor crosi s"Factor, unor Necrosi s
Fact or al deas; akbouT 0ffeddemael wshe thefapetiie plottia, a Tunor necrosis factor
receptor (TNP'R), a VLA-4 protein, a V AM1 protein, aVascul ar Endot heli al

G owt h Fact or (4EGHE)conpokitioh bhalaim 48, ¥héren, the tHéaspeutic Phjtein igervtiropaidb3, a
Tat, a Fos, a Myc, a Jun, a Myb, a Rel, an estrogen receptor, a 10
progesterdﬁgoﬁ'eceptor, a testosterone receptor, an aldoste.rone receptor, an
LDL receptor, and a corticosterone. 33. De conposition of claim 32, wherein
the p8tei n cor iAmethed foeprodueing in & iraeslatian syakime least ere protein comprising

at least one pnnatural amine acid, the method comprising:

providing the translation system with at least one nucleic acid comprising at least one
selector codon, wherein the nucleic acid encodes the at least one protein;
providing the translation system with an orthogenal tRNA (O-tRNA), wherein the -

30  (RNA functions in the translation system and wherein the O-tRNA recognizes the at least

one selector codon;
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34. The conposition oFclaim 32, wherein the protein conprises at |east three
'15 unnatural am no acids. 35. The conposition of claim 32, \/\her?ignnETh
protein conprises at |least four unnatural am no acids. 36. The conhpo PSEI on
of claim3 j.,n the protein conprises at Jcast five or__npre unnatural
am no aci dén%&g% The conposition of claim 32, wherein thECHUSIRIAES s at

| east about 50% or at |east about 75% i dentical to the therapeutic protein.
38. The conpoiding the tanslatien sus2g withanenhogdnal amigrcapg IRNA pymthedisa (DRS),
crythropoeitin (EPO. 39. A conposition conprising a protein and a

phar maceut iwatelyiha CoRBtpilentidly sxirpiacylates tHaad-eRIN AL Righ ek Giabt (RMPHbSEd at

| east one unnatural am no acid. 40. The conposition of claim 39, wherein the

protein cogmﬂmﬁtméﬁg&qatﬁmiyswﬁm%&uraI am no acids. 41. The conposition

of claim 39, wherein the protern coénprises at |east three unnatural am no

acids. 30 42. .The .c si.tion of claimg39, wherein the .profein conprises at
enst " f our PRIIAIEE e SRt AR T Betiuligsn o paBist inip. ey 5gBrnBas o
43. The_ composition of claim39, wherein the protein conprises at |east five
or rmore uithiie vERslation systemting gt least ong peotein REBDKSING HieoTt lesshome Wmatwifler ei n t he
protein is honmol ogous to a therapeutic protein selected fromthe group
consi sti ngaminceacid/t oki ne, a growth factor, a 5 growh factor receptor, an
interferon, an interleulan, an inflammtory nol ecule, an oncogene product,
a peptide hornone, a signal transduction nolecule, a steroid hornone
receptor, a trafi¥cThpmetediof slaimds; wherem the HaadatyqR syYsism comprisesa el
erythropoietin (EPO," insulin, human growth hornone, epithelial Neutrophil
Activating Pept flleTi8methGROf aMEBA2, €hotR thkDayslatidnysiam odniprisés a Brerigl

hepat ocyre gfowth factor, 10 insulin-like growh factor, |eukem a inhibitory
fact or, onE%Ltatin M PO ECSF, PDGF, pleiotropiri, SCF, c-kit |igand,
VEGEF, G CSF, Il-1, 11.- 2' 1]1-8,_ I &_I G- -fl, FG= (fibroblast growth
factor}0 ppGr, FhFIhemethed of caim$0, w B@eﬁbr HanslalongSRIHCIRASH IO KGF
(keratinoc cEEH‘Q%B%&%Et or), Flc-Kit, CD40TJ D40, VI.A-4/VCAM 1, | AM

1/LF A-1, hyalurin , Mbs, Ras, Raf, Met; p53, Tat, Fos, Myc, Jun, MyDb,

oo cne 5853 R OBEROEF R e BRRAEL AR

conposi t i OprchEacbhabrial 33, Wherein the protein is honologous to a therapeutic
protein selected fromthe group consisting of a an Al pha-1 antitrypsin, an

Angi ostati n, ansAnthORIHONIGF ClaiAWOLneRh ROHERISon SRR RRE A1 €1 N, an

Apoprotein, an 20 Atr natriuretic factor, an Atri natriuretic

pol ypelpt i dekarmrticAeli al peptide, a CG -C chenoki ne, T39765, NAP-2, ENA-78,
a Go-a, a Go-b, a Go-c, an IP-10, a G2, an NAP-4, an SDF- a PF4, a
MJG a Cal ci t onfi, The mettiold df icdmd3, ehergiroke aekargoticGetlvomprdsees yeast ddinacyt e

chenoattractant protein-1, a _Mnocyte chenpattractant protein-2, a Mnocyte
_. mammalian cell, a plant cell, or an insect cell,

§5. The protein comprising at least one unnatural amino acid produced by the
method of claim 49, wherein the protein is processed and modified in a cell-dependent

20  manner.

56. The protein of ¢laim 55, wherein the protein is homolegous to a therapeutic
protein selected from the group consisting of a cytokine, a growth factor, a growth factor
receptor, an interferon, an interleukin, an inflammatory molecule, an oncogene preduct, a
peptide hormone, a signal transduciion molecule, a steroid hormone receptor, a

25  transcrptional activator, a transcriptional suppressor, erythropoietin (EPQ), insulin,
human growth hormone, epithelial Neutrophil Activating Peptide-78, GROG/MGSA,
GROP, GROy, MIP-1u, MIP-16, MCP-1, hepatocyte growth factor, insulin-like growth
factor, leukemia inhibitory factor, oncostatin M, PD-ECSF, PDGF, pleictropin, SCF, ¢-kit
ligand, VEGEF, G-CSF, IL-1, IL-2, IL-8, IGF.I, IGF-II, FGF (fibroblast growth factor),
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chernoattractant protein-3, a Monocte inflanmatory protein-1 al pha, a
Monocyte 25 inflammtory protein-1 beta, RANTES, 1309, R83915, 891733;HCCL,
T58847, D31065, T64262, a CD40, a CD40 ligand, a C kit Ligand, a Coll agen,
a Col ony st‘FﬂﬂF*’ﬁ’ﬁPh’g fact or (CS F), a Conplenent factor a, RCTOOS#I12488Nt

i nhibitor, a Conplenment receptor 1, a cyt oki ne, an epithelial Neutrophi I

Activati ngpﬁfgj.}t
an Epi der mal Grg%?’hﬁ%];(‘:?or EE&Z\%@ g% epl theli aﬁgﬂghqﬁ Iﬁeo Il ﬁ/ﬁggmva [ ng
Pepti de, amacmrytﬂﬁﬂﬂp&eﬂﬂﬂmm)} VRA- A Mal, TOaM-EXLRA - 1@h?ﬂﬁﬁm’cmﬁ a

Factor VII or. \Vu, Fac a_Fibroblast Gowh Factor (FGF), a
Fi bri nogenM%? F"rﬁm Pg3 @Wﬁ@sﬁﬂ"‘a JuonMish, Rel, epiTRasBdPRaRies Pageserone
orotei n. - pSs MRk ohe e fior ol deo e L0 oi%ﬁ‘ﬁ#%@%%’?ﬁ%%g%ﬁ% ocT

HOS PCTLLU 0211246 | CAM 1, |
CAM 1 r%cept or, %zhlihéﬂrcgpm ﬂiﬁuf_rﬁﬁiwpﬁrég'p%ﬁp%t%ﬁr‘? H]%]HPF%“”%W qa CRAPEYHY | kgn
G owt h Facg;me.ﬁ k&idted Adm e pkoupPdtinkishing bf a afAl Zﬂtﬁtﬁﬁﬁtﬁﬂgﬁm aﬁm' M‘s?atmaéh I FN-

3, an IFN-y, an interleukin, an IL- 1,7 an IL-2, -4, an L-5,
an LL, 6, mtlhtmvlynaﬁiaqm an a@tmnﬂurm Aamhpqprq_tem am Axdgroten, armma] namﬁreuc

Ker at i nocy e 3o Fact or Lactoferr a.inh

factor, EE’H:'&?V\% natgu G@E*H“&% ﬁ?ﬂ‘f’tﬁé'ﬁiﬁ }g—'tf%pw% JEM bF), an
oncost at i nN\AP_grENﬁsimgﬁaLsp amttelamm@aﬁmmge@gow Qdahhqtmpm RRSRIFY O d
hormone, a PD-ECSF, a PDGF, a peptlde hor none, a Humen Growt R Hor none, a

Pl ei ot prl RF4.a HIGt & Caloitonia, peditdigand, 2 eytokineogfefichempkinexd Nongeyt®, or C, a

Rel axi n, an SCE Sql.ubl e c | e 0 recept 1, aSqubIe
M 1 acke ?“r‘iPE‘FtF‘Bmi_"ﬁdP'é%fb‘t PR faeln ol P2 Maviss
Sorat onedi ahcnaaa&%dmﬁ Eﬁdﬁhlﬂl 2 MomRiyRd lﬂﬂﬁﬁﬂiafbry@r&bmepmhh,mno@q

Super andgens, a Staphyl ococcal enterotoxins, SEB, an SEC 1, an

SEC 2, an 8tlsynaierygEoizitah belspRANTES, 4308, &Eﬁstm?aédéﬁﬂdr TS%B%uQéI@:S& de

ol am nogenotcs bl SER BT et aoarh CHEERS. {eRip fumpetod RRISE

Tunor Necr asés), F&8ehlsment TatTer 58 RS SnERGhIKbitSY, ﬂ%m;ﬂeﬂﬁm&e@&moal S
factor beta, a Tunor necrosis factor receptor (TNFR), a LA-4 protein, a

VCAM 1 pr oytehma sa!;mt&lalllaaerEEmPhﬂnéslcna@m@linpltﬂa-ﬁam GRQNEHEEJK, a @RIOQ{F. @ki nase,
Mos, Ra Ra X Tat, Fos, , , VYD,

gel , Sagaes mgﬁ M&ééﬁ?%%é@ﬁ@éé&@%ﬁtal 8 85‘5’}’”"6%}‘ %@5@&?’62@%%& Ol’h

composi 11 onc A fiERER) fhe pRftice)m EFERRPGlen (BPORIA BuBMSBRAC Bfer £6, T

| east about Fi&er Wienthacat VIO, aﬁm:mm,r:aﬁ(bmhlﬁst Mﬁiﬁctﬁk@(}m&mbﬁm@maon of
claim45, wherein the ther %ﬁ&éé e| nis erythropoeitin 25 48. A nethod

for pr%fhucﬁbémieﬁm& & T & c&?“-‘“‘?‘é“&%‘ﬁ‘%é %6@@4’9?%&&5?1"”5‘%@“ at
| east one f marg‘F F;;E[IE }feqﬁgg Bt
transl ati o%%@@#ﬁrﬁtw t éb%la?easgéﬂb% ul(hoel cC a Igﬁgg@rr%'r:?é r’?gggt I e?tz-gﬂfmgne
sel ect or c(HGH), aifiesdin,rs Himpam seri:el dbasindae KCANES, arhie Ali-]1 smsptonna Lol el n;

providing th nslation.systemw tF th nal NA erein
Phe"0"0" nét FERGl Teamaor.an piney 5 i She Siawrkrer (Reh e FOFesndGH
recogni zesf fifediron, SRIFN- QR ﬁﬁiﬁ?@%r&ﬁ'aﬂ%m}lé&qm an1L-1, a0 IL-2, an IL-3, an |

25 IL-4,anIL-5,anIi-6,an[L-7, an [L-8, an IL-2, an IL-10, an IT-11, an IL.-12, a
Keratinocyte Growth Factor (KGF), a Lactoferrin, a leukemia inhibitory factor, a

Luociferase, a Neurturin, 2 Neutrophil inhibitory factor (NIF), an oncostatin M, an
Ostecgenic protein, an oncogene product, a Parathyroid hormone, 2 PD-ECSF, aPDGF, s
peptide hormone, a Human Growth Hormone, a Pleiotropin, a Protein A, a Protein G, a
30  Pyrogenic exotoxins A, B, or C, a Relaxin, a Renin, an SCF, a Soluble complement
receptor I, a Soluble I-CAM 1, a Soluble interleukin receptors, a Soluble TINF receptor, a
Somatemedin, a Somatostatin, a Somatotropin, a Streptokinase, a Superantigens, a
Staphylococcal enterotoxing, an SEA, an SEB, an SEC1, an SEC2, an SEC3, an 8ED, an
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19 OCT 2005 WD 021085923 PCTI USD21124 providing the translation system
with an orthogonal am noacyl tRNA synthetase (0-RS), wherein the @RSy
preferentially am noacylates the OtRNA with the at | east one unnat ur al

am no aci dy ransl ati on system and providing the tra ion stem
with the atw‘?gggﬁg%ne unnat ural am no, thereby producing 59-?3&1.‘3{5,{@114%'

translation systemthe at | east one protein conprising the at |east one
unnat ur al SEEi msteendd bormi@e radeptonet Sepbrofide diainmads, a Tinec dicckiskadrbmansitiag i on

temco | ses .a 11, Q. The netjiod of claim49, wherein the translation
Syst om conpAnEEEs sl teTiasUE BlapTioged acveloreh B RN TGRCET Rt Mer of
the transi alh QGEsy S AMEIRIGE LR,  FOGRENCERIE Kibld: afifth o Pamod A2 Jief hod Of

cl ai m 49, wherein e translation system conprises an ‘archeaebactert al
cell. 53. EherietaheTunior ataaodis fQtorvbepair (TNER ) ta Whalpiogin sy SCam{donpri  ses

a 15 eukaryotic _cell, 54, The neth of c¢laim53, wherein the eukaryotic
cel | coﬁpr Pé%@“é‘\&’éfé‘élﬁr l‘i@“ﬂ'}ﬂl‘alﬁ arton (¥BGER). 2 Wﬁas‘bé‘!h@&-@rg%na %ﬁ%ect
Cel o0 AMPE BSE T ATRL] SR, 2 a3 ANEANAUERH BBbiRR CT d T oduced

by the ne ¢l ai I'n roterh i s proces and nodified in
a cel | - depprugesttron® Gecepton anestdfieroih ezcppiot, @h mlduktecdrri v dptor, WEDEI recdpher,
protein is honol ogous to a therapeutic protein selected fromthe group
consi sti ng‘”&ﬂaﬁm'&‘%wp%, a growh factor, a gromh factor receptor, an
interferon, an interleukin, an inflammtory nol ecul e, an oncogene Product, a
pepti de hor nonefBaTbe pmedin of elpin §Et whneindheprotesn iseat deast dicyt b msatleagcept or

a 25 transcriptignal activater., a trapnscriptional suppressor, erythropoietin
EPO) , l[[ﬂsuFI?CW,Q%%dﬁ%l}'}mﬁitg\kﬁ%aﬁapﬁ%tﬁcegﬁg%?'t hel i al Neutrophil Activating
Peptide-7, RCcl GROP, : P-lea,, M IP-16, MCP-1, hepatocyte growth
Factor i hsul 1 noP Fae BotRd A CILEs § brwhersinitas frasoriiie BDieiR {F Pbraposiin. ©
orrcostati EE%}' PD-EC SF, PD F, pieiotropin, SCF, c-kit |igand, VECLEF, G G
P, IL-1, IL-2,71L, 8, IG-I, | F11, FGF (fibroblast growh factor), 139 cT

2i 111 n ti u - IH%)@-/ 4 , A op - FF
(epi dermal gr OV\FE' ?%E%%%gﬁég%fﬁera I Ré‘@%ﬁ%‘%&%‘g&’ﬁﬁ%& ié%:t,méuﬁg%tﬁﬁt, .
D40U DAD, MWinfhvoddcMsAM 1, | CAM 11 LFA-1, hyalurinl D44, Mds, Ras, Raf, Met;

p53, Tat, Fos, M, fun, Myb, Rel, estrogen receptor, progesterone receptor,

testosjgrone regePTRE profdifl 86EISHPES, WREERIRE ompR&SRE Riast (AR unnatural
corticosterone. 5 57. The protein of claim55, wheréin the proteinis

honol ogousamnceacidser apeutic protein selected fromthe group consisting of a
an Al pha-1 antitrypsin, an Angiostatin, an Antihenolytic factor, an
anti body, an Ap@Ri fThppoten of claim 5§ ophatiaiths preintomplises at fehstrfesd wnafudt or
an Atrial nafriuretic polypeptide, an Atrial peptide, a C X-C chenokine,
T39765, l\fﬂﬂm@,aﬂE}%A- 78, a Uro-a, a Go-b, a Go-c, an IF-10, a GCP-2, an
NAP-4, an SDF-1, a :

* 63, The protein of claim 55, wherein the protein comprises at least five or more

20  unnatural amino_acids.

64. The method of claim 48, wherein the translation system comprises an in vitro

translation system.

65. The method of claim 64, wherein the translation system comprises a cell

&xXtract.

25 66. The method of claim 48 wherein the at least one protein is a Aspl12TAG
mutant of chleramphenicol acetylransferase (CAT), a Tyrl63TAG mutant of mouse
dihydrofolate reductase (DHFR), or a Tyr163TAG mutant of mouse dihydrofolate
reductase (DHFR) comprising 2 COOH His6tag,

67, The method of claim 48 wherein the unnatural amino acid is selected from the
30  group consisting of: an O-methyl-L-tyresine, an L-3-(2-naphthyljalanine, a 3-methyl-

phenylalanine, an O-4-allyl-L-tyrosine, a 4-propyl-L-tyrosine, a tri-O-acetyl-GlcNAc(-
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10 PF4, a MCs, a Calcitonin, a c-kit ligand, a cytokine, a CC ehenokine, a
I\/bnocyte chem)attract ant protein-1, a Mnocyte chenoattractant 1 tI 2, a
Monocyte chenpattractant protein-9, a Monocyte inflanmatory 1rgtg ﬁ[{i]

al pha, a MEOAISPEE2L5 inflammatory protein-1 beta, RANTES, 12109;]5112&2@@515
R91733, HCC1l, T58847, D31065, T64262, a CD40, a CD40 I|igand, a C kit

Li gand, a scphd, 368 MDogh, @ffiuaﬂnat Hn?ﬁﬂm& Jadt r)hf.':n afed) gemdof _gctor

5a, a Conpl ement inhi bitor, I"enent recept or a cyto In

epi t hel i alphrexleleniph 4 p-Acrlrwalnﬂnﬂ'bﬂmm ﬂd’ebﬂi&,l}"lei-—ﬂ@mdm aa LICROP, a GROy, a
MP-1 a, a,HP- an Epidernmal. Grow h Facto I thelial
Neut r ophi |PhREFE‘1°§%{Wn%/CE%‘H‘P'a%SFﬂ§ AFhOFINOBRYTsinG, 4 PEiRg)- 5{?}1%?’?1‘6'5 Fing
Loxin, *a RagheghchHalande AplAtin¥lL phedy BRRIA! ad br obl ast
Growth Fact or = a1ana Fi gl‘l nogenp a 20 Fi b?olshglz:ﬂtp?lni,f%g&@m)&uné dﬂGM CSF, a
d ucocér ebmusmtiﬁlwalngmcﬁmazﬁmhmmmno acidr Mﬂnaﬁacltamalogua of a glitimirectmine

(ree) 5 i Ao el IO of A AP BUREAe Bt A2 e VesUAPHOBUEBEA o1 | an
LFA-1, a'&mhﬁﬁ“ﬁlﬁmb%ﬁﬁptaﬁhnnﬁ al ﬂ%gd&of%@hﬁzﬂﬁ% 'aﬂml.d Jﬁffd qnoam 53?%@1,(;?)1

anIGFI an 1G--1 X, anlnter eron, ,

interl euklamduawahn,-mlo.d'rydtﬂz&r& h:aira:tll:ls Mdmyl%&lldsnyhaﬂ-anl Ictle, thm;h shtfedyl, an
IL-7, an | L-9,, L-1D, an -il, an |L-22, a, Keratiriogcyte

G owk - FacEBRo:GREE oAt E AR B FHPRAC PFaREe GNP B, Beeereyele:

Luci T eas@uofk, Nattle! LRy deOh PRUEYINRINe! kdtd), rI'Jrthhfhf‘?-:'ﬁ L’uﬁsﬁﬁkﬁ %ld %PaI%PCOSt atin

M an Osteogenic prote€in, an oncogehe product, a Parat yroi d hornone,
PD- ECSF, soffbiFation theeer] atemhmormnhmthalﬁhmwﬁammmcrﬁmhmkw a spiftfialiedtcr opi n, a
Protein A a Pro 0. Pyro enlc exo XI. r C, a Relaxin, a

Reni n, és%ﬁ'&:%’%“%‘ﬁﬁ‘l“@ﬁﬁ wrf amsf@afwﬂl ERVPL A0 5
Sol Ub' e ' '&hﬁﬁ& S4Y Kt ESEARIR o nuﬁcu’i&héﬁﬁ ndNEtsASe M dMer rAclecNEE] RS N, a

Somat ostatin, a Somatotropi'n, a Streptdki nase, a Superantigens, a

St aphyl oc dimding Mr@tmmlmlmt@m apinGED]; andiSadive zminSBCR; 2an  SECS, an
SED, 140 0 r'2 ' S .d | .~ 021085923 .PCTf 2112465 SEE. a steroid
nor roks. r FEERERed adigh pheGikemetaR SR PRED SIARIPE SHBBRN AP RER EUERRS, n
Thynosin %!nrﬂh@acld @gl?t&s?!h@e@é@e%md?@ﬂ&& R68ii¢aaRlino AilUiMRdto SbMWnInd ARInRr

(TOF), a TOF- ct, OF-(3, a Tunor Necrosis Factor, a Tunor Necrosis Factor
al pha, a m@mnmca@u@mmmlmmn@glmmﬁ pokiethotiadichuy atom méxswmk (T

FR, a VLA-.4 te a.v AM | te| ascul ar. Endot hel | al

Fact or - (veeEnE g £t AR BpbbGoRa ISR i ghtte Mu y D
Fos, a M @londardtRidedhitben ambt) ach-tEbrf@éﬁi'hgﬁQﬂxrb%?ﬁﬁi Qlsugd subitAGRd befisne
receptor, a testosterone receptor, an al dosterane receptor, an LDL receptor,

and aZ@or tcidosgeRGAEET SBBSDUFIQé seping: arithe Bke; @lcamwﬂmkemgggrwntmngmm nis at

| east about, 50% t t.75%identical to the ther t
or ot i n_ 3616 ULl ATic 10 e ARG A Ph P ABUOR PEC BB o n | <

erythropO%bLea in aéga:ﬁﬁ%%id QQu,JE{%uema@aam% :ﬁ:l.@'agagén &eana adyeuprotein

conpri ses at t two unnatura am no aci ds proterrn of claim
55, wher eiamihdecid oticethangooiprel ses at | east three unnatural

68. The method of claim 48 }thrﬂin the at least one unnatural amino acid is 2 O-
25  methyl-L-tyrosine.
69. The method of ciaim 48 wherein the at least one unnatural amino acid is an L-
3-(2-naphthyl)alanine.
T6. The method of claim 48 wherein the at least one unnatural amine acid is an

amino-, isopropyl-, or O-allyl-containing phenylalanine analogue.

30 71. The method of claim 48, wherein the O-tRNA comprises a nucleic acid
comprising a polynucleotide sequence selected from the group consisting of: SEQ 11

N(:[-3 and a complementary polynuciectide sequence thereof.
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am no acids. 62. The protein of claim55, wherein the protein conprises at

| east four unnatural amno acids. 63. The protein of clai m55,1 %Eéjﬁ? t he
protein conprises at least five or nore 20 unnatural am no aci'ds. W The
met hod of LmAa8 . wherein the translation system conprise ninvitro
transl ati oﬁ*@b&s}%sé’?nz‘a 65. The nethod of claim 64, wherein theipiﬂﬁ'g?‘%#‘%n
system conprises a cell extract. 25 66. The nethod of claim48 wherein the
at | east one prdgeiThe methpdigf Theam 48wheieindhe aiHeast anpirdettorabdan & ndnsanssf er ase
(CAT), a Tyrl63TAGT nt_o use i hydrof ol ate reductase (DM, or a Tyrl
TAG mut ant XB#%&%%%&F%F%%“ chcéHUct ase (DHFR) conprising a COOH Hi s

tag. 67. Th f claim4 in t t ur gl ' id. i | ect ed

rom the 30 or ddp I0BMSIR] chs M FEHhesr b TSESeFoRgR e pber codon,

L-3-(2-naphthyl)al anine, a 3-nethyl phenylal anine, an O-4-allyl-L-tyrosine,

a 4-propyl - L- t yP8sithe methad-of clpi pherginiin-REpreferaptig)lyamimpog atene

021085923 RC ) < ine, an L-Dopa, a fluorinated phenylal anine, an
- Wﬁ%ﬂhﬁgﬁ%&ﬁ{ﬂ ﬂ-g)_'mm

i soprop eriy ine, Y a ezl go- L- phenyl al anine, a p-ac

yl - L- phenyl al ai gLn a p- be | - I- phenyl al api.ne, an L- _phosphoserine, a
phosphonoser i ne%‘a%ﬁ MP% B ,he?¥’b§'F %gggﬂ}{@t%mﬂﬁgl]]}f gnasgylates 3‘-"

br onopheny j APaALN G -rcﬁjg@_n LA iRhd . al ani ne,
an 5 unnat E}E glm'%% ogue II)IIP_ 'gmltpy si ﬁ}egaﬂmml'g&g(a:l?&gPgﬁﬂg@%n&lr-@ﬁﬁgﬁgl ogue of a
gl utam ne am no=gacid; nakur nak N h ani 1 NQ .aci d;
an unnat ur al ang 'ogﬁt]gmoe ém} é"gaﬁtlﬂrﬁ‘ E@he%ﬁ%gi%d;ﬁgac%"&r?ﬁgd$$1Wpééﬂ§ﬂF%g?ﬁg%gf a

t hr eoni ne &mﬁmme@dmémﬂmﬁ%wﬂ:, aryl, acyl, azido, cyano, hal o, hydrazine,
hydr azi de, hydroxyl, al kenyl, alkynl, ether, thiol, sulfonyl, seleno,

est er, 14 hi 86lypertrscomprisii Wraming acidiaaysmec selerechiremdahe piogssaNsating of

het erocyclic, 10 enone, ursine, aldehyde, hydroxylam ne, keto, or am no
subst i t ut eSEEMINNCadidl; and, ‘any conbi nation thereof; an amino acid with a
phot oacti vat abl e cross-linker; a spin-] abeled am no acid; a fluoreseenl
ami no aci da palypaptidienasd< by 4 hudleidavidlcofrgfising Al yrieRbde Stue® seRef@i d t hat
coval ently or noncovalently interacts wth another nolecule; a netal

bi ndi ng am i9 s | T B4} ok i i N0 aci d;
2 15 phot otam e s pRoREae GE SR MM RO Fh0 kg i locite

bi oti n-anal o‘ﬂ]ue cﬁgnt agni ng amno acid; a glycosylated or carbohydrate

nodi fi ed affREMHCT T keto containing amino acid; amno acids conprising
pol yet hyl ene gl ycol or polyether; a heavy atom substituted amno acid; a
chem cgd |y cl eayabirfe tedi¥irendi ARG iR Thd GridirSh anfifo 38N pRAA kg th an

el ongated side chain; an amno acid containing a toxic group; a sugar

substi t ut edxegennesl0 :acid. e.g., a sugar substituted serine or the like;, a
carbon-1inked sugar-containing amno acid;, a redox-active amno acid; an

a- hydroxy cont ai78i The aetithd ofielab 43oxtidreia theirshs!ationtsgstamnnga acll and thei d;, an a
di substi t:uted anjno, acid; a 13-am no acid; and a cyclic amno acid other
than pro] MnREur W@%‘%MW@F“E@Y@QS"I&H ein the at |east one
unnatural amno_acid is a 0- 25 nmethyl-L-tyrosine. 69. The nethod of claim
48 wherein the 39 Konsthod fer prednsing inlandischasichin apli egligtlaast one protein

20 comprigsing at least one O-methyl-L-tyrosine, the method comprising:

providing the translation system with at least one nucleic acid comprising an amber codon,

wherein the nucleic acid encodas the at least one protein;
providing the translation system with a mtRNAY, , wherein the mtRNAY, functions in
the cell and wherein the mIRNAZ], recognizes the amber codon;

25  providing the translation system with a mutant TyrRS (LWI16), wherein the mutani
TyrRS (LWJ16) aminoacylates the mRNAY, with the O-methyl-L-tyrosine i the cell;

and
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3-( -naphthyl)alanine. 70. The method of claim48 wherein the at | east one
unnatural amno acid is an am no-, isopropyl-, or O-ally] -contfl}t] mi n%D

phenyl al ani ne anal ogue. 30 71. The nethod of claim48, wherein g qE’RNA
conpri ses WhUFIEE acid conprising a pol ynucl eoti de seque®EF/EWRATIERd from
the group consisting of. SHQID NO 1-3 and a conpl enentary pol ynucl eoti de.
sequence t BRyaRhg 431 vifth (RED-RRF1-YOVRIRS BRAD YRS IIEIR LR BEI dicasl BSe

nmet hod of claim48-wherein the at | east one sel éctor codon is -nonsense
colon, ar . - n. 73. The nmethod of claim72
wherein th %&ﬁgéﬁggmgglt}%né%géﬂéﬂ?%? gghg‘or don. 74. The nethod of claim 48,
Wherein the ORS preferentially am noacylates the 5 OtRNA with an

O net hyl - L-t yr o84,n& méthed Tdir nQh EsbRdriohdbeolivier £ lehst i ol
preferentially am noacylate the O-tRNA with an am no-, isopropyl-, or O-al
| yl . cont ai eemprigr@eiiest ané hed-thaaphgudlalangne, theenethoh oempfisivgai m 48, wherein

the O conpri.se | vpeptide selected fromthe Qup..consi stin f: 10
a pol ypept P@ ldd%&ﬁﬁa%glagg'hg%kﬁnﬁ & i%&?geagte(aﬁéwggms% 1%%%‘5‘38?1?%% FW&@&(S@‘B
consisting of SEQID NO ,4-34; and, r a pol ypeptide encoded by a nucleic
aci d conpr MEFIGH Be Purkis agid encpfgighe abigan oBe gE@Bt ed  from the group
consisting of. SEQ IO NGO 35-66 and a conpl enentary pol ynucl eoti de sequence

t hereof . 1profiding ihe caRtWithca eitROIATY M Wheralnahe intRINYED Y oadtitng in theiden sagi d i s
provi ded exogenously. 78. The nethod of claim48 erein the translation

systemis a cell and the unnatural am no acid is biosynthesized by the cell.
79. A net hwhemsy thgBdN g repoRnzes bR RPdo®ol i cel | at' | east one protein
20 conprising at |east ane O-nmethyl-1-tyrosine, the nethod conpri sing:

provi di ng phRidin@melcallivith AYSSENTWRS) waierdi S ARISTINETHRS! @hifoA6A:HeBEPT | i ng
an anber colon, wherein the nucleic acid encodes the at |east one protein;
providing thea.1rgnsl.atio stem W a_n _Wherein the nt RNAA

functigﬂs NM%@*&'@& 53‘6§ﬁ'§fig]lft%[§iﬂ@'ﬂ?ﬁ@éfgl'rﬂ\ggogni zes the anmber col on;

25 providing the translation systemwith a nutant TyrRS (L, W16), wherein
t he mut ant pro¥ididgSthe LW Withadd LeR¢Y-haiakylidiening, Bidéehinprotitding hreth©caR ahleast
yl-l1-tyrosine in the cell; and 143 WD 021085923 9 OCT PCTfUSQ211 246#

provi di ng Lheneflit cothpikihd 8@ SREMbhtkyDYbBENe, thereby producing in the
cell at |east one protein conprising tﬁe D net hyl -L-tyrosine. 84. A nethod

for producing in an Escherichia coil cell at |east one protein conprising
at |east one L, 81 2- dapmpositionl caniprisingtanenmetind drdnoprid ss siypwibindfoundi hg t he
transl ation systemwith at | east one nucleic acid conpri sing an anber

codon, 1

0

HNTT oDOH
15 82, A composition comprising an unnatural amino acid as shown in Formula II:

1]

NN

HyH GocH

83, A composition comprising an unnatural amine acid as shown in Formula
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wherein the nucleic acid encodes the at | east one protein; providing the
cell with a ntRNATY' , wherein the mtR A functions in the cell and wherein
the nt RNA~, recogni zes the amber codon; providing the cell wtH %8¢8HI8- Tyrl
, Wherein the 12-TyrRS am noacylates the i 10 nt1 AC "Awth the

L- 3- ( 2- naphigeyidz gﬂﬁ# gaffi ne in the cell; and providing the cell ly&'l:fﬁs

L- 3- ( 2- napht hyl ani ne, thereby produm ng in the cell at |eas one protein

conprising the L-3-(2-naphthyl)al ani 81. A conposition conprising an
unnatural am no acid as shown in For al: | 15 82. A conposition
conprising an unnatural amno acid as shown in Formula IT. Il M 83. A

conposition conprising an unnatural am no aC|d Zs..shown in Formula 144 1 9
OC T 205 WD 02/085923 PCTI USD2/ 12465 i 00H3 conposition conprising an
unnatural am no acid as shown in Formula IV: A 5 85. The conposition
of claim81, claim82, claim83, or claim 84 Ffyrthe onprising an
orthogonal tRNA. 86. The conposition of tl i m 85, wheP®Pn the unnat ural
amno acid is cova ently bonded to the or hogonal t RNA. 87. The conposition
of claim 85, wherein the unnatural am dos 10 covalently bonded to
the orthogonal tRNA through an anino-aryl bond 88 The tonp05|t|on of claim
85, wherein the #£nat ral am.no acid s covalgp ed to %

OH of a term nal EOWRGYFOR LOMRESIAG 2 BRATE m@ﬁﬂﬂm- shoya g Wﬁﬂgﬁtlon
of claim8lps.claim82, claim83, or claim84, further 15 conprising an

or t hogonal anlnoacyl RNA synt het ase. 90. The conposition of claim 89,
wherein the unnatural am no aci s hydrogen bonded to the orthogonal

am noacyl tRNA synthetaseﬁ 91. protein conprising the unnatural am no acid
of claim81, claim82, claim 83, or clajm84. 145 WD 07JORS923 1 g OCT 71a5
PCTf[JSO2( 12465 92. A cell conprising the unnatural am no acid of claim81,
claim 82, claim 83,

c
154

‘ ch 8
o
D
HaH '!f.'-D'::H--I.+
5 85.  The composition of claim 81, claim 82, claim 83, or claim 84, further

comprising an orthogonal tRNA,

86. The composition of claim 85, wherein the unnatural amine acid is
* covalently bonded to the orthogonal tRNA.

L3

87.  The composition of claim 85, wherein the unnatural amino acid is

10 covalently bonded 1o the orthogonal tRNA through an amino-acyl bond.

88.  The composition of claim 85, whereiti the unnatural amine acid is
covalently bonded to a 3' OH or a 2’ OH of a terminal ribose supar of the orthogonal
tRNA.

89. The composition of claim 81, claim 82, claim 83, or claim 84, further

15 comprising an orthogonal aminoacyl tRNA synthetase,

90. The composition of claim 89, wherein the unnatural amino acid is hydrogen

bonded to the orthogonal aminoacyl tRNA synthetase.

91. A protein comprising the unnatural amino acid of claim 81, claim 82, claim
83, or claim 84.
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or claim84. 93, A nethod of synthesizing 4-allyl-L-tyrosine, the nmethod
conprising: (a) reacting a protected tyrosine with ally] bromde, resulting
ina protected 5 allyl tyrosine; and, (b) deprotecting the protiddiledlbal |y;
tyrosi ne t G¥@oOYWMY 4-allyl -L-tyrosine, 94. The nethod of AMZEHSRA2465
conprising reacting the allyl bronide and the protected tyrosine in the
presence of sodiggm hygpd Iﬁﬁ‘(‘f’s‘ = : : i s ian t he
prot ect ed tyros?ﬁ‘e tggn%érlﬁ‘gﬂes arll%ggénitgr%?ﬁ?ﬁ%ﬂgg{‘%}gg?i&’eﬁ@g&’ e ?rdgf hod
of clai m9%rclameBdi n (b) conprises deprotecting the protected allyl
tyrosine in an acidic solution. 97. The nmethod of claim95, wherein (b)
conpri ses depro®d, t i ngmisttwdufeimbéteing aldiyl-Live@dia) thei ethb® compsgnee of
hydrochl ori ¢ acid and di oxane. 15 98. The nethod of claim 93, further
conprising extragtin - rrod; ) ] :

di chl or onet hane%gg. g%&ﬁggﬁﬁé %?‘&L%t/yrﬁ?%gi?%%ﬂgbﬁeﬁ?géEﬁgg{qgﬂhtagé‘c ‘Sﬁ%ﬁw

a]l amme analktyl tytdsme; mwt.hod conprising: (a) condensing

di et hyl acet ammi dormal onate and a neta substituted benyl 20 brom de,
resulting in a g¢@npodsproevingthd momuled 2My! Mrdsine loy@sdicy 2-011hgrepvgound
having Formula V, resulting in a neta- substituted phenyl al ani ne anal og. 146

WO 02108592. 3 P@}| USGhL IRARSH 800aim' 9 QthgQbactingine S84 byhisideiaRd e

conprom ses a keto, acetyl, or methoxy group. 101. "The rret hod of claim 99,
wher ei n t hgrotetted yodsstd inuhegrestnea pf sddininfedaidahngDMBnpri ses

3- net hoxy- phenyl al ani ne or 3-acetyl -phenyl al anine. 5 10. The nethod of claim
99, wherei n t he98onpatranahodof daie93/ vimmn itseprofected3yismevoriphiyts- Byt )
-ethanorie. 103. The nethod of claim99, the nethod further conprising
provi dithg PrYesed Brosdifost i t uted benzyl bronide by: reacting

- bronosucci ni m de with 3-nethyl acet ophenone to produce a brom nated 10
product; and, c®¥st alThemeihod ﬂﬁaclmrro?é,m@unﬁbb@mnsmd@m@mmhgwwmﬁ

104. A net of prepari.ng.a glycosylated amno acid in vivo, the nethod

conpri si ng: ﬁ‘ﬁéﬁ&ﬁﬁgﬂﬁ%‘c@ﬁﬁy‘%th a plasmd conprising a gene for an

N-acetyl - 15 gal gctosattinj dasge, .a rransgl. syl ase, or a seri

gl ycosyl hydr ol agg'. 1%%?’ W‘Mﬁﬁ%ﬂlm b‘{)r“gﬁg‘?‘ﬁﬁ@g"é'?ﬂﬂsﬁ% ?Péﬂﬂ??%?gaﬁfsﬁé‘?mﬁtﬁ%

nmet hod co LISLRGine i " L g ismate to
mg;ef@@gme ifs fHe  (RRLHEBLY Eﬁ{%%/lﬂ&‘?@?(&& fah&'ﬂmﬁﬁ%

4- am no- - 4- hori snal c aci d; enzymati cal [y converting the

4-am n?? ;:4' deoxyghor "T%@n?ﬁftﬁtgd gf_ Jlﬁm%f,zi_.ugﬁ)ér c%ﬁ&@%ﬁé%m&ﬁ? %Q&)l‘}i-l,-zo (c)

enzyma ally converting am no- eoxyp nic acl
tyrosine with ethanol or dichloromethane.

. 99. A method of synthesizing a meta-substituted phenylalanine analog, the
_. method comprising:

(a) condensing diethylacetamidomalonate and a meta-substituted benzyl

20 bromide, resvlting in 2 compound having formula V:
v
Mc Hn—ﬁcqa
Cry

(b}  hydrolyzing the compound having Formula V, resulting in a meta-
substituted phenylalanine analog.
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am nophenyl - pyruvic acid: (d) enzymatically converting the

p- ar ni nophenyl - pyruvic acid into p- ami nophenyl al ani ne. 10& Thé hE{hdH of
cl ai m 105, wherein (a) conprises contacting the chorisnmate 25 with a

4- am no- 4- degxychori smate syn.thase. 107. The nethod -of claim 106, wherein
the 4-am no¥QP¢®ER chori smate synthase conprises papA. 1@§TGH1MES hod of
claim 105, wherein (b) conprises contacting the 4-atrdno-4- deoxychorismc
acid with a choilll@natiae mdtasbof cldim $Rraterdin RBn2dais92 RelBCHdebB0R | 246 109.
The met hod of, cl ai nT 108, wherein the choris mate nutase conprises papB. 110.
The met hod RAMRYAPIPIO5, wherein (c) conprises contacting the 4-am no-4-
deoxyprephenic acid with a prephen ate dehydrogenase. 111. The net hod of

clai m 110, wher d0% t A&em leimy®h ydieesiie Heyecta substifiiied phenyplasine amiug The
thod of ¢laiml ' [ i the p-

g'rsﬁ ngphgny%g%?%c\/s?s’?@g@éﬁ%{r—%h%l%ﬁn@%ﬂﬁé{aﬁ%ﬁ%ﬁ%ﬁ%&i@ﬁ%13: e_TE\e met hod of claim

ar nor r ansf er asd¥er [IPEATSHEIAE! 99 Ve 1t CORROUFBERRTBNe I A Ees!-

wher ei n t hes aFdphdiRithANSH-B BB maRpr i ses ryrB, asps, or |IvE 115. The net hod
of claim 185, c%erei ﬂ”@-{ egg (a) through (d) are perfornmed in viva, 116. A

met hod of produghhg 1 . i i .chi.a_col.i I 15

t he net hod corrp(rilhg'l ngh ? %é%@cﬁ%&%ﬁ%@ ?ﬂg&g@‘e@ﬂwﬁ}rﬁ'eggéﬁééﬁlng%ﬂg%ﬁ @ll%n'gEtBapA,
papB, and spesnited bogyetrondificbgel | conprises chorismate and an

am natransferase and wherein expression of papA papB, and papCresults in a

synthase, a nut 3&Riin@NCbranfRENIIRSENFRR 3-meMPRSISpHAB S W PHARR a UrbRudReeAS e,

t he dehydrogenase and the am notransferase produce p- phenyl alanine from
chori shlit epr@lactt 3i#d, A cell conprising: (a) a biosynthetic pathway system for
produci ng an unnatural amno acid fromone or nore carbon sources within
the cell; and, ¢chystatlidingihe|tadinbmietymtdon contexase pgludan.or t hogonal t RNA
(O-tRNA) and an orthogonal am noacyl tRNA synthetase (0-RS), wherein the

O RS preferenti ablfy %ﬁﬂ%ﬂ%@ﬁﬁﬁt&% alghR oS HENAMM drid fievive R thetodani no

acid and the Ot RNA i ncorporates e unnatural amno acid into a protein in
response t 6°@pB#ENECct or colon. 118. The cell of claim 117, wherein the cell
conprises a bacterial cell. 119. The cell of claim 117, wherein.the sel ector
codon conpri ses tansfonsiop accllovitonplasmidoummpsaing cpoterior or Nemeytber codon. 148
WO 021085923, PCT/ USD21124 5 1120. The cel |l of clai m]d%o% wherei n the nonsense
codon ggnplg@%tgsaém? & ddrnsglycosylase, or a serine-glycosylhydrolase.

105. A method of preparing p-aminophenylalanine, the method comprising:
(a)  enzymatically converting chorismate to 4-amino-4-deox ychorismic acid,
(b  enzymatically converting the 4-amine-4-deoxychorismic acid to 4-amino-
4-deoxyprephenic acid;

20 (c)  enzymatically converting the 4-amino-4-deoxyprephenic acid to p-
aminophenyl-pyruvic acid:

(d}  enzymatically converting the p-aminophenyl-pyruvic acid into p-
aminophenylalanine.
106. The method of ¢taim 105, wherein {a) comprises contacting the chorismate

25  with a 4-amino-4-deoxychorismate synthase.

i[ll'.-'. The methed of claim 106, wherein the 4-amino-4-deoxychorismate
synthase comprises papA.

108. The method of elaim 105, wherein (b) comprises contacting the 4-amine-4-

deoxychorismic acid with a chorismate mutase.
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121. The cell of claim 117, wherein the biosynthetic pathway 5M§[¢]ﬁ pﬁ)duces
a natural cellular anount of the unnatural amno acid. 5 122 -

claim 117, wherein the biosynthetic pathway system cenprises a synthase, a
mut ase, a WeMYHRSYPEnase, and an ami notransferase. 123. The eeflrlusofrinkai m
122, wherein the synthase conprises 4-am no-4- deoxychorismate synt hase.

124. The cell o | ai h f ase.
T 125 The cel Ik Tﬁéﬁa‘fé‘é&%ﬁﬁé’?n‘%ﬁﬂéhﬁ@%ﬁ% RS R 3 LD R

prephenate deh og erei n the
synt hase, the dg ydrgggﬁ'%ggd&%aﬂ}% 05, wg?éi% é%l’l vglalmzl'zﬁ\ﬁﬁ% Bﬁ/ces

Venezuel aedgjxyﬁ-eph@-ﬁt el e th ﬁpﬂe@h&rﬂ&ﬂﬁh?;ﬂﬂjg&ﬁas@ﬂd t he am not ransf erase i s
derived fromE. coli. 127. The cell of claim 117 vvherel n the unnatural am no

aci d conpri ses pr1,amraoRRGHA FlcAitnA0, Qﬁﬁémﬁ’ié pi dwegse ene. 128. The
cell of claim 117, wherein the unnatufal am no a i d corrp S

gl ycosyi at e@nmmpap@ d or a pegylated amno acid. 129. The cell of claim
117, wherein the carbon source conprises chorismate, 20 130. The cell of

claim 117, wher 13 tThe hietsodrdfitimcl S hvein @iy&bmpnm@dﬂﬁeﬁn g the
p- am nophenyl al anine fromchorai mte. 131. The ce of claiml1l wherein

the bi osynFROPRENYAPNIMC a5jd péthnan@ayingtmnsfeseaséal | y converts chorismate to |
4- ar ni no- 4-deoxychorismc acid; (b) enzymatically converts
4- ami no- 4- deoxythbri $he mcamddaftr:him- | wbergin (b6 athénnigapsfepdse nbomprigisd; nofe)

enzymati cal | onverts 4-am n %Fax ni,c acid to p-arninopheriyl-
pynrvic acf’#ﬁ% Hms'(“a)anﬁﬁm %ﬁ'&@%&e € hep- ami nophenyl - pyruvi ¢ aci d
i ntop-_arni nephe ﬁnl ne. 149 WO 021085923 PCT/ 1J802/ 12465 132. The cell
of claltm 117, ¢ method|qf clgdléewherswn s Aminptansterase somprees 7B, an

anount supr@ & ﬂvﬁor protei n biosynthesis, which anount does not
substanti a ter a concentration of any natural am no acid or exhaust a

aeid ‘;”preé‘)g#ﬁ%pﬁiﬁwﬁﬂyﬁ.ﬂﬁém 93,80 GomplbF bR Rt 2 e

cell of claqg 117, wherein the biosynthetic pathway system corrprl ses a
pl asniid, which pI asm d conprises a poI ynucl eoti de encoding a chorismate

synt hase, a pnjjgqucl i
y PN Aezﬁéd-.g&ﬂﬁgx%ﬁgé H gﬁiﬁﬁ&h%@%‘sg h?n coli igell,

pol ynucl eoti de encoding a prephenat deh nase The q

cl ai m 517, thehaatidchedriveristieg transtormings the call mldmusmmmmirwam, papﬂr;mmdses a
papA gene, a.papa gene, and a ene. The cel] of claim 135, wherein
the pl asraP?Png"ﬁFFFg? %&@r@wggﬁ(ﬁﬁgﬁmaﬁ@& é’r‘mﬁ?ltEF”é}“F%?E apdHRgEER 137, The
cel | of clgigRsk@n of AFAChdbH, BRd PAFES Mstitd i S19thaSO TREIGRES aRd§ dPfydFBEdhase,
-wherein the synthase, the mutase, the dehydrogenase and the aminotransferase produce p-

-- . phenylatanine from chorismate,
20 117. A cell comprising:

~{a)  abiosynthetic pathway systen for producing an unnatural amino

acid from ene or mere carbon sources within the cell; and,

(b)  a translation system cotnprising an orthogonal tRNA (O-tRNA) and
an orthogonal amincacyl tRNA synthetase (O-RS), wherein the O-RS preferentially
25  aminoacylates the O-IRNA with the unnatoral amine acid and the O-tRNA incorporates

the unnatural armino acid into a protein in response to a selector codon.
118. The cell of claim 117, wherein the cell comprises a bacterial cell.

11%. The cell of claim 117, wherein the selector codon comprises a nonsense

codon, a four base codon, or an amber codon.
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15 ri bosone binding site. 138. The cell of claim 135, wherein the plasmd is
a |l ow copy pl01 derived plasmd. 139. A cell conprising one or rﬁﬁﬁﬁﬂr%ystens
for producing at |east twenty one am no acids and specificall 3 !
incorporati&g %gj nore of the amno acids into one or 20_npre proteins
within the €& F ™ f&sulting in one or nore incorporated am n8<AESE¥ 2 her ei n
at | east one of the incorporated am no acids conprises an unnatural am no
acid. 140. A meitdd The celbof ¢laiyn P, avheasin drt rageense owdaheshrinyisana TruGat ur al
amino acid which has been incorporated into a cell, the nmethods conpri sing:
(a) provi dF?@"a library of cells, each of which cells conprises a 25
random zed plasmd derived froman E. coli genone, wherein one or nore of
the random zediglasiieselbefalan 1bh wheein the owmihelie prthyray systeogrosdces @ an
unnat ur al i b L i screening the library of cells to
ﬁ L3y cf?Iﬁlllg’ agiﬁuﬁts ngE?lF Eﬁzﬁ%rﬁﬁﬂ gﬂ%]n&: aé::l;cg

identify o or “nor e ance wth as conpared to a native E
coli+cell, ther i denti.fyi a dvant.age .,30 pravided by the unnatural

ani no ati d. 150§2¥*9 %‘3%13&1‘3%1“ ﬂl'gé‘f'}“%%ﬁiﬁt?“@i“ﬁ&?‘“ Pat.%)”ﬂé{?/ﬁﬁ'%?@ﬁsﬁlaﬁaﬁﬂ t RNA
synt het asea%ﬁﬁfaas@?&M%X,'ﬁ%ﬁ%@gﬂﬁmt%t{aﬁﬁr&s@ cell with a reduced

efficiency as conpared to a c ylati an o e endogenous tRNAs by

endogenous t RNA(]ji%;t ?ﬁ%@ﬁ?&g@r’}%m’gﬁﬂ@ ﬂ'[l%g’flgl'a;ﬂ@d?n L0g @JM; R A that

i s am noacyl ate us y ases w reduced ef ficiency
as conpar ededaciorisneacsyndiasen of the endogenous tRNAs by the endogenous
t RNA synt het ases, wherein said orthogonal tRNA synthetasc preferentially

ani noacyl ates $34.d Thé bQDONdhint BRA, vARréiR RANEEsS QiliiReSOHRBRAAUSRLENAS .
with an unnatural amno. acid in said cell, and wherein the orthogonal tRA

synthejgse_pref gpent irgl bty BLROAES, 3rfefeif fieteh 6/oROARD bR phipht b ©

! l
unnatural am no acid, as conpare a natura or t hogonal
t RNA synt hdélaglengeasseng a | ower Km for the unnatural amino acid than for the
natural am no acid, and wherein said orthogonal tRNA recogni zes a sel ector

codon of an nR #26.n FBé GelCed dlaiml #22, wHieeis eld syaihasd, #edchddroghhing &ind tsai d
sel ector codon is selected froma group consisting of, a rare codon, an
opal codonmmuase geertleaived fram Steertertienes Vererppiar RE SHeplompeesistinasspicaidoandde. and

a four basﬁ]ﬁ%ﬁﬂﬂ&fﬂﬂ%&%sc%&rﬁ% Iﬁ_ﬂq%&c ﬁl m 141, wherein said selector codon
on, : of ¢C

is an anber co e cell aim 141, wherein said unnatural am no
in.said cel]ls. 151 1,9 OCT 7 005 145.

acid i i ncorp ted int rotein
The cefff of cl af ‘14%,hﬂ ﬁﬂ&%ﬂ%"kgﬁj Wieia fii ynoa 0 M AORBTIFS fe.
aminophenylalanine, dopa, or O-methyl-L-tyrosine. '
128. The cell of claim 117, wherein the nnnatural amino acid comprises a
':'gly-:;usylatcd amino acid or a pegylated amino acid.

129. The cell of claim 117, wherein the carbon source cornprises chorismate,

20 130. The cell of claim 117, wherein the biosynthetic pathway system produces

p-aminophenylalanine from chorsimate.
131. The cell of claim 117, wherein the biosynthetic pathway system:
(a)  enzymatically converts chorismate to 4-amino-4-deoxychorismic acid;

{f)  enzymatically converts 4-amino-4-deoxychorismic acid to 4-amina-4-

23 deoxyprephenic acid,

()  enzymaiically converts 4-amino-4-deoxyprephenic acid to p-amincphenyl-

pyruvic acid; and,

(d)  enzymatically converis the p-aminophenyl-pyruvic acid into p-

aminophenylalanine,
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146, The cell of claim 141, wherein said unnatural amno acid is se|ected
froma group consisting o[: Onmethyl-L-tyrosine, L- -(2-naphthylj2&al &#hne,
3-nmet hyl -L phenyl al anine, O allyl-L-tyrosine, 4-propyl-L-tyrosine,

par a- subst W@ 085423t yr osi ne  wherein the substitution conprpeeasaz/sAkyr at ed
or unsaturated hydrocarbon, fluorinated ph enylal anine,

_acvl - L- phenvl i i L - phenyl.al ani -j.0do- L- phenyl al ani ne,
bt potyE o L SEHARALE WRRRH Rl iRl
pheny| al anjni, andfisit hFESEAPiOE plotdih Bslathes, WehicH drhourtihddes Gbl subtafd Alyanké 1,

wherein the unnatural amno acid is p-azido- L-phenyl alanine, 148" The cell
of cl ai m 1agoncepsrtisnof anE naitrd amizg acidphechugste ¢edlufaragsengoe. - phenyl al ani nc.
149 The cell of claim 141, wherein the unnatural amno acid is macetyl
L- phenyl al ani nel3350Thel¢ed] afelldimof32C Whairin)tht unnimerddiamitdiecid gyt ur al  ani no

acid is 4-(2-0x0- propoxy)-L-phe | . alanine. 151. The cell of claim 141,
wher ei saé"ﬁmﬁ'ﬁ'l‘ff“? @%iﬁ@%* ?q‘ﬁﬁﬁ?taﬁgﬁéﬂ'ﬁsm%nsi sting of: a prokaryotic
cell, a mmualian cell, an insect cell, a plant cell, and a yeast cell. 152
190CTZC5 152, Th¥h celhe el of chiim L1 wheghietheibiosyathgtie pathwiay sgsttmcbmpriess.  153.

The cell o l.aim wherei | d c \.s..an Escherjichia cali cell 154,
The cel | 04 p@f’%‘ldmwﬁ,p]%ngf@?ﬁlpﬁ%es a&‘ﬁk‘h‘é)ﬁ?gﬁﬂfwﬂ? aéﬂ% ﬁ?&?“'ﬁucl eic
acid its sgilydueldobidi BncodRg 4 dhoNeinatelmuthil and A Dobflubicafide bifloMnk A prephaa@i N

t he orthogonal tRN synthetase conprises an anmno acid s& uence as set forth
in S E | D9ahydrogenase56. The cell of claim 141, wherein said cell is a
eukarotic cell. 157. 'The cell of claim 141, wherein the unnatural am no acid
conpril®es a ket135gr ol cedl5& claim 117, wherein the cell comprises a plasmid, which plasmid

COMpises a papA gene, & papB gene, and a papC pene.

136, The cell of claim 135, wherein the plasmid further comprises an {pp

promoter and & lac promoter,

137, The cell of claim 135, wherein the plasmid further comprises one or more

15  ribosome binding site.

138.  The cell of clairn 135, wherein the plasmid is a low ¢copy pSCI0I derived

plasmid.

139. A cell comprising one or more systetns for producing at least twenty one
~.”amino acids and specifically incorporating cne or more of the amino acids into one or
20 more proteins within the cell, resulting in one or more incorporated amino acids, wherein

at least one of the incorporated amine acids comprises an unnatural amino acid.

140. A method of identifying an advantage provided by an unnatural amino acid

which has been incorporated into a cell, the method comprising:

{(a) providing a Jibrary of cells, each of which cells comprises a
25 randomized plasmid derived from an E. cofi genome, wherein one or more of the
randomized plasmids confers on the cells an ability to incorporate an unnatural amino acid

jinto a protein.

(b}  screening the library of cells to identify one or more cells with
evhanced growth as compared 1o a native E. coli cell, thereby identifying an advantage

30  provided by the unnatural amino acid.
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141. A cell comprising:

{a.) an orthogonal tRNA synthetase that aminoacylates endogenous tRNAs
of the cell with a reduced efficiency as compared to aminoacylation of the endogenous
tRNAs by endogendus tRNA synthetases of the cell, and

{b.} an orthogonal tRNA that is uminoacylated by Lhe endogencous tRNA
synthetases with reduced efficiency as compared o aminoacvlation of the endogenous
RN AS by the endogencus tRNA synihetases,

wherein said orthogonal (RNA synthetase preferentially aminoacylates
said orthogonal tRNA, as compared to the endogenous tRNAs, with an unnatural amino
acid in said cell, and

wherein the orthogonal tRNA synthetase preferentially aminoacylates said
orthogonal tRNA with the unnataral amine acid, as compared to a natural amino acid, the
orthogonal tRNA synthetase having a lower K, for the unnatural amine acid than for the

natural amino acid, and

wherein said orthogonal tRNA recognizes a selector codon of an mRNA

in said cell.

142, The cell of claim 147, wherein said selector codon is selected from a
group consisting of: a rare codon, an opal codon, an ochre codomn, a codon comprising an

unnatural nucleotide, and a four hase codon,

143, The cell of claim 141, wherein said selector codon is an amber

codon,

144, The cell of claim 141, wherein s_ajd unnatural amino acd is

incorporated into a protein in said cells.
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145.  The cell of claim 144, wherein said protein is human growth

hormone.

146. The cell of claim 141, wherei_l_-u said unnatural amino acid is selected
from a group consisﬁng of: O-methyl-L-tyrosine, i—?}—[i—ﬂﬁphth}rl}-alarﬂna, 3-methyl-L-
phenylalanine, D=Bll}fl-]:.'t}'1'{)5iﬂﬂ, 4-propyl-L-tyrosine, para-substituted L-tyrosine
wherein the substitution comprises a sawrated or unsaturated hydrocﬁrhnn, fluorinated
phenylalaning, p-acyl-L-phenvlalanine, p-benzoyl-L-phenylalanine, p-iodo-L-
phenylalanine, p-brome-L-phenylalanine, p-amino-L-phenylalanine, 3,4-dihydroxy-L-

phenylalanine, and isopropyl-L-phenylalanine.

147. The cell of claim 141, wherein the unnatural amine acid is p-azido-

L-phenyialanine.

148, The cell of claim 141, wherein the unnatural amino acid is p-acetyl-

L-phenylalanine.

149, The cell of claim 141, wherein the unnatural amino acid is m-acelyl-

L-phenylalanine. .

150. The cell of clwm 141, wherein the unnatural amino acid is 4-(2-oxo-

propoxy)-L-phenylalanine.

151. The cell of claim 141, wherein said cell is sefected from a group
consisting of: a prokaryotic cell, a mammalian cell, an insect cell, a plant cell, and a yeast

cell.
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152, The cell of claim 151, wherain said cell is & baclenum.
153, The cell of claim 152, wherein said cell is an Escherichia coli cell.

154, The cell of claim 141, wherein the orthogonal tRNA is encoded by a
nucleic acid s set forth in SEQIDNG.: 1.

-

155, The cell of claim 141, wherein the orthogonal tRINA synthetase
comprises an amino acid sequence as set forth in SEQ ID NG.: 60,

156. The cell of claim 141, wherein said cell is a eukaryotic cell.

157, The cell of claim 141, wherein the unnatural amino acid comprises a

keto group.
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