COVPOSI TI ONS OF t RNA AND USES THEREOF CROSS- REFERENCE TO RELATED
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See, e. g.(}991), Molecular Microbiology 5:515-20) and pyrrolysine (see, e.g., G. Srinivasan, et al.,
{2002), Science 296:1459-62).

[04] Some progress has been made to remove these constraints, although this progress
has been limited and the ability to rationally control protein structure and function is still in
its infancy. For example, chemists have developed methods and strategies to synthesize and

manipulate the structures of small molecules (see, e.g., E. J. Corey, & X.-M. Cheng, The

Logic of Chemical Synthesis (Wiley-Interscience, New York, 1995)). Total synthesis (see,
e.g, B. Merifield, (1986), Science 232:341-7 (1986)), and semi-synthetic methodologies
(see, e.g., D. Y. Jackson et al., (1994) Science 266:243-7; and, P. E. Dawson, & S. B. Kent,
(2000), Annual Review of Biochemistry 69:923-60), have made it possible to synthesize

peptides and small proteins, but these methodologies have limited utility with proteins over

10 kilo Daltons (kDa). Mutagenesis methods, though powerful, are restricted to a limited



R Furter, (1998), Protein Science 7:419-26; K Kirshenbaum et al.,
(2002), ChenBi oChem 3:235-7; and, V. Doring et al., (2001), Science
292:501-4. Chem cal peptide ligation and native chem cal |igation
are described in U S. Patent No. 6,184,344, U.S. Patent Publication
No. 2004/0138412, U.S. Patent Publication No. 2003/0208046, WD
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compatible with & large number of unnatural amino acids, even those with unusual structures.
Unfortunately, the chemical aminoacylation of tRNA’s is difficult, and the stoichiometric

nature of this process severely limited the amount of protein that could be generated.

{07] Umatural amino acids have been microinjected into cells. For example,
unnatural amino acids were introduced into the nicotinic acetylcholine receptor in Xenopus
oocytes (e.g., M.W. Nowalk, et al. (1998), In vivo incorporation of unnatural aminoe acids into

ion channels in Xenopus oocyte expression system, Method Enzymol. 293:504-529) by
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am no acids into proteins by nonsense suppression, J. Biol. Chem
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heavy atom containing amino acids, and glycosylated amino acids have been incorporated
efficiently and with high fidelity into proteins in £. cofi and in yeast in response to, e.g., the
amber codon (TAG), using this methodology. See, e.g., J. W. Chin, & P. G. Schultz, (2002),
ChemBioChem 3(11):1135-1137 and, L. Wang, & P. G. Schultz, (2002), Chen1t. Comm., 1:1-
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[09] Several other orthogonal pairs have been reported. Glutarninyl (see, e.g., Liu, D,
R., and Schultz, P. G. (1999) Proc. Natl. Acad. Sci. U. S. A, 96:4780-4785), aspartyl (see,
e.g., Pastrnak, M., et al,, (2000) Helv. Chim. Acta 83:2277-2286), and tyrosyl (see, e.g.,
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i ncorporation of unnatural amno acids in E. coil. Systens derived
fromthe E. coli glutamnyl (see, e.g., Kowal, A K, et al., (2001)
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[12] Figure 1 - The cloverleaf structure of J17 tRNA with T PC stem

mut at | on '8jogeiged by hefdlA- 4 [13] Figure 2 - Supression of an anber
mutation in hunar&/ﬁeglromh hormone is shown using J17 or J17 nutants
(F12, F13llIF14) togls of pradupips gpEotsipin e athwihapelectodamieaacisd g sperified

SDS PAGE. okitidd o e'a%raefeﬁure SMURE HESnPRvAoAN PRI b ARl LM B ing,

grow h hgrm)ne I's shown
in an appropriate medium, a cell, where the cell comprises a nucleic acid that comprises at

least one selector codon and encodes a protein; and, providing the selected amino acid. The
cell further comprises: an orthogonal tRNA (O-tRNA) that functions in the cell and
recognizes the selector codon; and, an orthogonal aminoacyl-tRNA synthetase (O-RS) that
preferentially aminoacylates the O-tRNA with the selected amino acid, Typically, the O-
tRNA comprises suppression activity in the presence of a cognate synthetase. A protein

produced by this method is also a feature of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[12] Figure I — The cloverleaf structure of J17 tRNA with TWC stem mutation sites is

shown.



in different cell lines using F13. DEFINITIONS [15] Before
describing the invention in detail, it is to be understood that this
invention is not limted to particular biological systens, which
can, of course, vary. It is also to be wunderstood that the
term nol o used herein is for the purpose of describing particular
enbodi rrer{?ivzl onl y FigaiFo? - Supksssipheayanbar onutatipntin hwaan gyeh gpmncnne is shown
present u@ﬁﬁ% ik Qlﬂj 1 7‘@&519195 kil 71 %‘1'4%) ”T&tgldc ﬁn*sﬁte%r éalaﬁ sﬁﬁ@ﬁ%@%alyzed by
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i ncl udes [&conbi Aignieoh—Slpteationnef aromeber aeitdtenan duinac Euwddls heguinead gnta
t hereof Kk ose inary skill in the art, and so forth.
Referencegﬁg@”%agﬁeFﬁgmgﬁ%gﬁﬂdes m xt ures of bacterla and the |ike.
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specification, all technical and & ternms used herein have
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I
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sequences t 1S u In es i shin varil es
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virtue of prior invention or for any other reason.

[18] Homologous: Proteins and/or protein sequences are “homologous” when they are
derived, naturally or artificially, from a common ancestral protein or protein sequence.
Similarly, nucleic acids and/or nucleic acid sequences are homologous when they are derived,
naturally or artificially, from a common ancestral nucleic acid or nucleic acid sequence. For
example, any naturally occurring nucleic acid can be modified by any available mutagenesis
method to include one or more selector codon. When expressed, this mutagenized nucleic

acid encodes a polypeptide comprising one or more selected amino acid, e.g. unnatural amino



issue, but as little as 25% sequence simlarity is routinely used to
est abli sh honol ogy. Higher 1levels of sequence simlarity, e.g., 30%
35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 91%
92% 93% 94% 95% 96% 97% 98% or 99% or nore, can also be used
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descri bec#héztagﬁaﬁngag oRtE Or 3EE @@h&axd ARV 4 AP h@me[lé&lmg hh@gpﬁ%tmn ésswen

used herein, the Term"orthogonal™ refers to a nolec (e.q.
ort hogonéfIthORﬁ\lAl oret SRy deameino reid mag bt kogsadto zminnekits) Iamtnﬂl\wd or a natul al

S y nt het a21§1[11(10 a«ﬁ@ i—IoH&?tﬁgg g}%@éﬁﬁ/aﬁf 14 tﬁ%ﬂij geglgel?cfe fsingllla?{?f %e‘@éaﬁvﬁy ot Slle

inter ona
r ef ers t GﬂuC]IBB anﬂam pioteynsqor seeldum&dtheifeﬁi)c Tea pgemsep«gcenti@sﬂ sint Bunit 2 veen

efficient, |ess n % efficie ss than (Veffl I ent.

ess t hartager e g SSbIGhER omae o R oot o ailprtied w
to functiine,ibit dd1atle EETk aéduecessleNY Qfrohtiiedy @8l to é%@abhelxacbrﬁdﬂegy amahgher
or t hogonal tRNA in a translation system of interest is amnoac

ed
by any erdtEGesadeRes siphladly f-&nsP %t P $306t Bxreo0 " b e 88Y°: Gp °t/°h¥0%= 75%,

reduced Qhog¥en, @@%Ogﬁkfgmeﬁ@y 049416R0,C %%agm §%%, @@9@9&%@ LRI be
an endogenous t RNA by an endogenous RS. In anot her exanpl e

ort hogonaIFeCRB estbhigakymelems Wéh&@gléﬁﬁmsmmmuﬁnne SRR D RS CEAEEN (e 2.

system ofgri (d-gf 654 B &ér:rN %S‘igg%ﬂuﬁ Spa?ﬁﬂ rg)eﬁl%an engh%?é{n aﬁﬁ&&@%\%&ﬁﬂf

to am noacy ation o e enddgenou ogenous

second orvibtgtnal nol ecul e can be |ntroduced into the cell that
functions with the first orthogonal nol ecule. For exanple, an

or t hogondl 9}t RNAJR8hpgonal: Anckeddesein,the touc'edhezonpl’ eofersttamymderpoleants

t hat funct on t he, ce ef fi

5006 of {1 rifmunl SRLATO d S A i oo bl fisShin B R e B pBRf Hae i

75% ef fi QEB&YWM;I reiodd cfB0R0B iy Cherayof iafeaust (eG5% eirkiatb@n eysteraX0t)] a &(IA%
959% ef fi ¢ci enc out 99% or nore ef 'E;t{l;g' ency

ffi
te 0 'tﬁ'ate nﬁ*l&%@&#%@é B o et LKay “Cergﬁg’g‘d@}?éfu%uplﬁsr“a“ e %rifss fhﬁn

or t hogonabig yticlBl 84§ i@ BHRENGRE RriaernBld 19, SeHRA! 8Can &z@hc%onal tRNA
starting material or a naturally. occurrin |t RNA or RS. 6

Cognat e: affer peppgongbFRatoe funplare iy theotrenstAlon exysiemt platntqr efﬁc P% pxample, an
t oget her 1oﬂﬁo%ﬁﬁ%@f&§m o {%ﬂ%‘?%!ereg%ﬁ%g ARE@HE any Qlfdo%j:nous RS

conponent’s ¢ erre to as being corrp enentary.
Pr ef er entof al tf aylsla‘mm ety af ggeresThatht @dmeﬂ pr efverr @m) |eéiﬁd19ncanwh@raeqmmﬁbtb
refers tq_an 5%

affd.c N ?Igg Yo ehid bg
effici entamm §6 m@b&Fe felmcc:llg'éér%ll us outby8 A)e%e %I Ci entS %élflg&therga}a?mple an
ef fici ento;rthagmnat RO Gnh@tflates am,t endogenatpotRiN A 89the rtrajmit&)ne;ﬁzitbimcé Miteresttwith
whi ch W}?R{S amnoacyl tes an OtRll:{%évmtha ctt ]?r]rci?no ac&H
e.g., A 210 GRS DER, ™ QORI O ROTERR! e SRG AL by
nat ur al I ¥ 0§l EduoNY RIRNA efor@d Slpbhd)OnoB&EE icah beS@Eoduced into the cell that
functions with the first orthogonal molecule. For example, an orthogonal tRNA/RS pair
includes introduced complementary components that function together in the cell with an
efficiency (e.g., about 50% efficiency, about 60% efficiency, about 70% efficiency, about
75% efficiency, about 80% efficiency, about 85% efficiency, about 90% efficiency, about
95% efficiency, or about 99% or more efficiency) to that of a comresponding tRNA/RS
endogenous pair. "Improvement in orthogonality” refers to enhanced orthogonality conpared

to a starting material or a naturally occurring tRINA or RS.
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to generate the O tRNA. The unnatural amno acid is then incorporated
into a growmng polypeptide chain with high fidelity, e.g., at
greater than about 70% efficiency for a given selector codon, at
greater than about 75% efficiency for a given selector codon, at
greater than about 80%efficiency for a given sel ector codon, at
greater tHin abofueseaer &by fegn e prgiateo Fefery g parappnssls deat dinctipe ingethay, e.g., a
greater LRRR AR0H(ar0dheof e SHfCiR! The UKEAR! B b6 LEALRed to as being
greater than about 95% éfficiency for a given selector codon, or

gr eat er tchapleaisolary.99% efficiency for a given selector codon. [221
Sel ector codon: The term "sel ector codon" refers to codons recognized
by the O{2XRNA i BraftrentiallyreslizgacyiatesThe dgm ‘praferuotiallyecogrricyie s’ byefanto an

endogenoug: t RNA. . The, O-t nticod QR. recogni t he .sel ect o
codon on THETM e ateot oot UPRPL a3 R R LN 8 MRgSE B beve
am no aciefficisicioaisotan cfffvivat, ubalt 98tk Bffickat, dy albdut ©h¥Sorghire effividniert which
pol ypepti d Sel.ect ar, codon an.include but are not limted to, .

6. g | norBChBS Tt ateE gk f-OUA Bith 3 SIETELNEIC HE bl Ay VBRI AGI scid
linmited tBmpathes the@eRSGMiANEYRRR a SAGANS ocdu@ily BINATRF £ sHATE mAQI0Hsed
rare codons; codons derived fromnatural or unnatural base pairs

and/ or t e SPISkEe e O- R4y vER Wgnsiiesh aning apidcs gher Bgerposded atte ¢ growing
i ncl ude QB Pftd:NBaRA i Blohl MBS, RAS Gt GRAMI Shan MRSE 9bd) éfgﬁeﬁ“ydﬁgg
system does not use (or rarely uses) said natural three base codon.
For exanpgtlector pndon picgraaies than sheuteidie hliciehey Fackgingn acleddiAcadant at greater
recogni zes, .t bAL@ o 0 0 the
nat ural - (hreepkdichll 875 oRR IR 0o JEE Rk AL IR R g} B
suppr essargivdNfelegoracddRhAatt patteatitae rabotth® % edfttisrgydbr a gines seagar coRbA
(mMRNA) in_a given tr lati-on system.e.q.., Db ovi di ng a Jrechanj
For ) ncaF BT dbFhab i SR HsRar et v SeipormopRicte ot kamier ooy 2ehbask
to a sel efiddnce GslaigivdmklecXaddahne, a suppressor tRNA can read through
a codon including but not limted to, a stop codon, a four base
codon, o2y rareSe@eoNcodbn] ZAt tsBPPESS BAo@GEfeYd fo)soddMi8ed@hiFed by the O-
"suppressiqn activit refers to the ability of a

, tRNA,_e.g., a
suppr ess&rNARRAbe %n%é@a PEPFEBURH 1Rt SR BEEO D BHeHioemaps (RY- Jeis GrERNA
expr essedni@oR IR EEIEAIE 1R scREbE ¥ddoh ARREIRREh 851 FRIMBFAL iksQnfino acid,
control (e.g., lacking a cognate synthetase). [25] Translation s,,
sue: The etgermnsclacteginmsniae japl. syebtasrin wnaftarak ammot 4gal, @b o sitninsthe polypeptide.
necessar I or.at I CUr T ' id.1n a
Orow g SSroisk APAAR0A BeRaP ShibA M BGRB8 SR fode s, sop
syst em canddnacingtielngeby. notrlithidsio e gmbeRNAls, and pptlhetdase sfounmBNAwcan tase
the like. The co nents.of 1he esent _Lnvention,can _be added t n
1oVl tr o BT GO0RE snfs el L8R BRbr Rt bR R bR RARF By e P
systens ianghdideyspdnt, Akeletol codonndahedsd iclude PaB-ofukamynidl cheelUase €odpns,
a bacter W rtyregns chehen%ggellzabusc (s);sge)lﬁ dgesen%’ic( e (cc))} !*L'a%elgf%lsclas’) stid Haturd) three base codon.
For example, this includes a system that is lacking a tRNA that recognizes the natural three

base codon, and/or a system wherein the natural three base codon is a rare codon.

(23] Suppressor tRNA: A suppressor tRNA is a tRNA that alters the reading of a

messenger RNA (mRNA) in a given translation system, e.g., by providing a mechanism for
incorporating an amino acid into a polypeptide chain in response to a selector codon. For
example, a suppressor tRINA can read through a codon including but not limited to, a stop

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



yeast cell, a mammalian cell, a plant cell, an algae cell, a fungus
cell, an insect cell, a cell-free translational systeme.g., a cel

| ysate, and/or the like. [26] Translation systens may be cellular or
cell-free, and may be prokaryotic or eukaryotic. Cellular
transl ati on systens include, but are not limted to, whole cel

pr epar at iléHs sucﬁw i T8l (el THPRIESSEB| FotiRilY 't Iafes twfi@r dility f a
desired e e 0

NMTRNA trglrélléa4 'e% %qg?m%?gg@ %rgﬁgﬁaﬁ%&%ﬁ%gge%%%g%@e%o rcia e]t{l@lessed
avai | abl as emdernma,gedmf peihatyt olisyyed asmdmpsstlelvsa apatrale(el s k hoking a cognate
Exanpl es ?&hﬁ g free systens include, but are not Iimted to,
prokaryot tes such as Escherichia colt Iysates and eukaryotic

ysates Sugh 55 MIGEBELNEN 6! Tl DSBS LR 100

Eukar yot In@oesexjf kRiicsrporatd ¥ siafnesiynmryukiag ﬁﬁﬁfcﬁidﬁ@m’c(\f\/@@%\f}ﬂﬁg poBeudbtidenhain
protein is hospharyl at ed or othervm se nodi fied

| at ed,
because ﬁﬁrﬁ% {éuc OHPIPFIE AL B ACISPEOT) YT SR BF LT nS-Ze IRASPEES: RNA'S,

Syst ens. sSaABadRE, MRESCaRIhE J&E.S TADGohySRhS of WSpraent hﬁ@ﬂltﬁm can be added to
comercially | Pr’ onega; Madison, Ws.; Stratagene; La Joll Calif.

Amer shanyai A FITRgE éi Ve itigRLation gystem. dixpmeBref traglaing sy%%mwhlﬂe Yputy are not

Menbr ano t . t r
vont ay i HoniEN6 AChchaRCBUBSA e ORI AARGREALE SoR) ol BTt ol o,

for trangkest Pelly aseeredlonyebragplaitsl], an[aEa}' cftb @dwegus cel, ad inseeires]lat Gednfee
systens slgtio%ﬁ’l s&gte}ﬁseg }:\Qflﬁwhrt@%n&%rtﬂé' {él ed translation factors
ess

have al so been 'us suc ransfate mRNA into pr ot ein as

wel l as [?(ﬁgﬁl nati“la%@l%?&l %{X&ﬁg E‘}%ﬁ%e céﬁﬁ%e& elillpi%eeqﬁ? %’ W{alpf}kﬂotlc or

purified sl ation Tactors s Fhitlation T ac
| F-2, | Feﬁkz(motm:r (Cémualeham@monoays&m omclﬁlae( EEh‘itTart nar littgtedl tvat whele cell

factors. ree St ens S C

oot e PPE R Bl tadl Borerolt Bl whrmin adlseed priginged
system tEARSES che el idnecHiREAcamRN A endRMA HRERAS hrabs@dedSCellase€ riahaation
in Current Protocols in Ml ecul ar Biol Ov%ff (F. M Ausubel et al.

edi tors, SY§ifray aregoRparialy ayriiable ayg gyany, 1 WPEReF oy siepEars Felikngwn.

i ncor por ategh,RY of Q:Eﬁ@ﬁ@%?steﬁ%ﬁlﬁcﬁ:n%ﬁtr hz@%t llhﬁte@%gaf)%ﬁﬁﬂy& ic lysates such as-
transcriptioh systemmay be in the form of heteronucl ear |ui RNA)

or 5'- erdclpuishia( @linbiskigs, Wdasiteiviety lates Juciens vlskly smt akirases, mesech eell
TRNA, mllgggg,ggb@g@m@% R9Cahth 684k @ﬁgﬁag%@ﬁan &u%a@sr@ﬁkf%w

exanpl e, are transl ated wt ciency int
r eticul oceytxe:td y&aﬂﬁasysnmm bPZBiefﬁeidemisd e mcsulimgd prélfbla tierghycosylated,

"sel ected.am no efers tp.a desi red QCCUrnLinNg. ..., .
am o aciHioBTehE tesbEaRe Tt GafltechB B sylf WSifReodeu Sl R Bt
"unnat ur akkar@sfid Y sdek ASoned of thesa-eRahdis ald Eysmm@dﬁdﬂm Bomaetdiilyr(@fodieda;
to any aning ac nodifie ci.d, nd/ cid.a
that is %%dlﬁﬂﬁ‘ewg? lFrdasspe; mﬁ Crrdit uf*&?eisia@c f“rgf %{ (cj)m g@l%ﬁg%%lﬁ
sel enocyi’@ﬁﬁd‘%lﬁﬁ IF?W)’ N3 EbiaLous Gk Redts, bBIHE thé) SdninBBYanBRatiks 8flracts containing

synonynously wth
microsomal membranes are also available which are useful for translating secretory proteins.

[27] Reconstituted translation systems may also be used. Mixtures of purified
translation factors have also been used successfully to translate mRINA into protein as well as
combinations of lysates or lysates supplemented with purified translation factors such as
initiation factor-1 (IF-1), IF-2, IF-3 (x or (), elongation factor T (EF-Tu), or termination
factors. Cell-free systems may also be coupled transcription/translation systems wherein
DNA is imtroduced to the system, transcribed into mRNA and the mRNA tfranslated as
described in Current Protocols in Molecular Biology (F. M. Ausubel et al. editors, Wiley
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term "non-naturally encoded am no acid” and "unnatural am no acid"
are "non-natural amno acid,” "non-naturally-occurring amno acid,"”
and variously hyphenated and non- hyphenated versions thereof. The
term"non-naturally encoded am no acid" also includes, but is not
limted to, amno acids that occur by nodification (e.g
post - trarlilétpréﬁlwﬁaﬂ9%dw1ﬂmhemb§)spml igplly ArgounosdtEd by FRdodes- BMAnansciitbd
(i ncl udi RgeBuL, Atk b iy N .
pyrrol ysi e a%yé) ahé y%?séblpsnnﬁ ﬁ%gbggr} {eﬁgn ?ﬁggt&&f@géégnatu amA) or >
i ncor por an@dapsn(t’/’ema:hgk gmmlngne)pmlﬂyiﬁep& ipdly Ahtailed mytutmmﬂl\i&nwhjahioam be an
conpl ex. non-nat ura occ rr|n 0 aci
el ude, “BUPVRr o8 saveim i p AR SRS ey PG sulfte TR EF Bty vith
acet yl gl liphsAngdiaydy-ih el reigaiichee, lyapgky@ephosphot yrosi ne. [29] Derived
from As used herein, the term"derived fronf refers to a conponent
that is[28ol at egelbétaiatiindracid: T nigrrh NkEEd®L ia@ind BT dcfRet hhe desired
nol ecul e or ? ganism [30] Positive selection or screening nmarker: As
used her EpHaAllRECHERFPIFESIN Yermarad crinnacst At psed FpvRp. i e “unnatural
refers tomadmidear “h&?—ﬁa‘dﬁ!ﬁﬁ? edode€ Qﬁlmoeacﬂ” refErS RS %?ysﬁﬁno a6k ¥888d aBho
the like, results in identification of a cell wth the p05|t|ve
sel ect | oHCifp#REY apyRsmeGhawozugiiah ot paeolibe 29 pyamee natutally weersrike amino
[31] Negalihy&. &l BELkAk G p RoHRER

"negative 1 S’i ect g%s or scpryzle {% 6@1:—; er %m ésd g%‘ge%%% L{Sﬁﬁ“fvﬁﬁﬁj@
when pr e$amt’ noengturalleoqnp@béednnca@:tld’\/andédm:tamraltdmanda hdid’ aral“howsatural amino
identifi I»,Q NOL DOSSEss t.he de | re
(e.g., ag% Jplmag@?lr € mﬁlg) Ogccgﬁé ﬂ%ﬁ aoﬁ%es possoeuglé’ }fyﬁhen r“go"lo nqpypﬁel%ted
propert y)zers{oﬁQ]tha%ﬁorTI&r terrAs’ numdmfeekyeemodetdmmeramd" rmOfnb}hﬂ &s, hat & ot

to a conpone t hat dto el ect, tar C ents_ of. a
system o m}“ﬁ&i‘f ggymo %&S tgﬁ (??B‘Ilre y %‘W@ﬁ?ﬂ@é? gc%%”%‘?ﬁ%@ ‘ﬁﬁ%ﬁﬁé’}lﬂ of a
e.g., annenzyiencédatanaanhed %m@ﬁfﬁiﬂgllﬁit n6t HRBESIANRE2PE2RBS hinind 4c¥ds or
(i ncI uding, but not 9 limted to, -| act amase, ch| oranpheni col

acet yl t r ANSPL¥FRE anq ehenpeysigine) PHbatE |nl%§heméel‘f’ffsd’t§1=1\é%lbfe1ﬁ§°rp@@Feééﬁpri’g%TOWUl“
mar ker (g@%%d@%hm}ﬁuﬁd:%t trédsf&Bﬁ@oﬁﬁlexgr%ﬂésu seh% q{&mﬂf ﬁlg’ El:cumnc

(e.qg.,, | um nescent mar inclu
not | i m e@gha cacids fineladd,y bnlUcmfeern@éehpm@@ efm) N-aﬁatylglquanmwl bessdve, N-

screeni ng 0 ect abl e mar ker genes
such as %%&Es?ng@lﬁl %%:%51]\({?3 ga gg(?%isl%{tgragglf ADH (‘al cohol
ighﬁgégg Se) @ﬁﬁ%{d i!IJJI As H(S%H %B eny ﬁ%t % ‘;de gedoitrom refél:é%'clo Fé"nﬁ%‘or 11tttﬁat :
to the phsmbcdg;eai\ébn—mrdmialumngmfammomfmm aq;eanﬁledraioﬁac@]enﬁlotgimm but not
limted to, mammal s, insects, reptil es, birds, etc.), ciliates,
pl ants (i{3%¢! udi nPoditike neiéctionnbit ede@m‘ g oCotAs, udticldrsin, tlad gas, “positive

t t fl I, di tist . 34
Non bcar ) iom RaS ing mater ool A ke R Bh Rl Db e patered pghaiel

non- or the like, results in identification of a cell with the positive selection marker from those

without the positive selection marker.

[31] Negative selection or screening marker: As used herein, the term “negative
selection or screening marker” refers to a marker that when present, €.g., expressed, activated
or the like, allows identification of a cell that does not possess the desired property (e.g., as

compared to a cell that does possess the desired property).

[32] Reporter: As used herein, the term “reporter” refers to a component that can be
used to select target components of a system of interest. For example, a reporter can include

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



eukaryotic organi sns. For exanple, a non-eukaryotic organi sm can

bel ong to the Eubacteria (including but not limted to, Escherichia
coli, Thennus thernophilus, Bacillus stearothernxophilus,

Pseudor zonas fl uorescens, Pseudononas aerugi nosa, Pseudononas

putida, etc.) pggrl ogenetic domain, or the Archaea (e.g.,
Met hanoco&gil! Paliriisiarss ,ClllomHi@n@bla@@té}tﬁameaﬁeh(@‘héﬂa atcbihe dilsak & Grrprescent

Hal 0 bactgfi. . f al-cani i : : :
NRG 1, Ar B Ei e ooy BU s MANERR, er @ ok BLAR BN S (£ 80 CRECVER,
hor i | cos HEGTP. A epymimeepemmios (nedolide pitybblmited ke adorfy huciffrdsd protein),

Conservatjve.varjiant: The term "conservative variant" refers to a
Cranel at (BB BERE soretig Slaker R TROEHVED Yol plftanes farle” gpocg duch as
conser vatlhg pgalilant (BQaRRtosidasy), ADENGIdoRNaddhydBeEfa08) MRish | 83, UBR, 1ys2, or
conponent from which the conservative variant is based, e.g., an
Ot RNA orh®dik& but has variations in the sequence. For exanple, an
O RS will ~amnoacylate a conplementary O tRNA or a conservative .
vari ant ®BEIRNA wilukaryoge | Ascissdl homi, My fgen denkarygte” raferuionereunisns baldngog
aci d, al theughi t ; ! £F I3 L Qs
have the sane % e%ﬁrée%e. fmﬁﬁcg%yltll;ef,llglggl;ts Egﬁﬂﬁ%\%w(’%@l%%gg?npﬁ%ai%#e?t}@ %lm{ﬂ %]ts’
a sel ectizgciinienbleadhidls, efcg,. iliztes, piamst @nchldimnbutoncadindiedly, monocots, dicots,
conpl ene ry r n vat i ve vari ant.. , although the O RS
rhti 2 "‘t‘\%[?.é%ﬁg’ X?gsts,%ga%%%n%%osﬁ%rﬁc{lﬁ é)\lloetls% %S

and the conser aran R& sane sequence. The

conser vat,i var L ant n_have, e.g.,_one yvariati.on, two variations
three var[lb%alltei ons%i at‘tilsorlllge,ctll e \%e JF o PEETHFTERF orf e]isng’ non-
sequence,cuBsybiong gassrheForeamnaglkeyahonvalkigbtabigahiSmcnbleRAR Md &e FEub&teria
the corres din t RNA. or O RS. 6]. .Sel ecti or screeni ng agent;
As used h(B@&%Hl,g tgtﬁg PgnNﬁnméeeq et | gTLF%@]ﬁd%‘br 6%1?1! %?fe"”é’(jerl’fm"”i"éfl s {36“_@%*
agent t hatearsH@MmophREE MseudIndMe Midiesterd €| PREkdMNINEE I RBYING . OTPs&RIBhAY
10 conponents from a popul ation. For exanple, a selection or

) p . . .
scr eeni nd“dgeneicinehvlgedictip domadn, gpithe i fched (o8- eMgthaneconeusr japigschii,

an anti bil‘@érh&zobgcﬂé\/@%ﬁltﬁé}ﬂwuz@t‘roﬁﬁzﬂéﬂh HARBEL DR Wich 3D BXPRESSEcanii and
pol ynucl eotide, or the like. The selection agent can be varied, e.g.,

by concer{#labdcerium speeishsYRGH, dreiaedatius Thigiduee Ryronetcue ffriasig nbirgcoccus
recogni zeg' .refers 10 an effic o | ess than about 10% |ess
v ;zgéjﬂ(;?‘izb@f Eé@g %{lﬁ FHIX, %{Cﬁﬁj%%l%’gna? C\t,i\lﬂmg .

t han about an ‘abo ich a RS fromone organi sm

am noacy| {g%}es O réjo%%’rv%é A\Jal’lgg?r (Iﬂ:f‘éa-cgml‘?{r‘l‘cg\!segwga%}va Ha%%?tl’%%%egsntos %{Ea%s ation

that are 'Suitabl el nst hat gt hel ade 8he 6 nor &
sel ect ed camipnoenaceds,a eogrervatine unariaitUDaRNaMona achwvadve vdgsar Oes) dha

U S patent  a ication 0/ 126,931, entjtled "METHODS AND .
COMPOB! 1 G BB OB R R BETo GRPTICEATLS FE T RGACTL % R o8-
SYNTHETASE GARRA' caMBHREOAER Bad 2driations in the sequence. For example, an O-RS will

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

amino acid, e.g., an unnatural amino acid, although the O-{RINA and the conservative variant
O-tRNA do not have the same sequence. Similarly, a tRINA will be aminoacylated with a
selected amino acid, e.g., an unnatural amino acid, by a complementary O-RS or a
conservative variant O-RS, although the O-RS and the conservative variant O-RS do not have
the same sequence. The conservative variant can have, e.g., one vanation, two variations,
three variations, four variations, or five or more variations in sequence, as long as the

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

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

agent” refers to an agent that, when present, allows for a selection/screening of certain
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entitled "IN VIVO | NCORPORATI ON OF UNNATURAL AM NO ACIDS." In
addition, see USSN 10/825, 867 entitled "EXPAND NG THE EUKARYOTI C
GENETI C CODE." Each of these applications is incorporated herein by
reference in its entirety. Such translation systens generally

i h |
or t hogonai esheie B 4 Fuifin PRE PR & sl on ot e SibinsPBineioncyut i

aci d, e. quot liatited noyat gur ahutesnt i &gibibtic, mw@eﬂgfwo@éﬁs AEnABSGY lm@'éﬁﬁessed
pair of

the O tRNA wit e se no, aci d. An orthogonal

present |H?\]IEH‘PP8W? ot %ﬁgﬁ@ed%g]? sglgclesny pEERt can e vagiedy S e@é@?’nqﬁ‘won
a frameshifehsityt BNA, or the like, and an O-RS. The O tRNA recogni zes a
first selector codon and has suppression activity in presence of a
cognat e sgmf het as@ieitéini ‘@POMSRNIIP re%o?@i&e%ﬁtré%lscf@gl? foiogpfﬂ% £8l llessucﬁeﬁlsabout
the conponents to incorporate the selected am no aci TtEa gr o ng
pol ypept i @& Eailifn #opt sXangs kess shanudiost d Yacitdwhichta &Smﬁlons ese arganism
pol ynucl eptihdeLhato.gngedes a polypeptide of interest can also be
present, where the pol ynucl eoti de conprises a selector codon that is
recogni zed by the O-tRNA. The translation systemcan also be an in

vitro system tRNA ol ecul espgirdiRgpPHR§EREPTRYQNt I On are useful in
any tranghgi 0na|Tr§riéﬁtﬁ@l‘irbysténﬂsctlab’t%é"guﬁylé %(ﬁ‘rﬁal& r[o{égﬂs thgt%nclu Fo_%o rglgizlore

in translation. [39] The translation system
(i n-vi t r cplected amiing doplsat-g s s temiuhl aminh esid, a*yﬁt@ntbcpd mi’lU(S’lpE:tam dpplidaticles

Cemplat o ULo0n God T hC v 61PPER 28 SAMROSHCN a0k IR, Borficrmon or

vitro syrfdREEDSONALI tREA-AMINGACHE RNYOSSVINSHECASE darRyt enef fopink 927,

Cyst ome. BBt G VRVQARCUBHERRIRIS i v TORRE AThrA uE " aaaaition
Bi oengi nees iIUEFN 14/323087 3d6i1200L) ANKING ﬂ{ME@KﬂRYCRFICS@N]?HC CODE.”

Bi ot echn%ﬁg 1%ﬁtter 11 1537-1542, (2000); Kim D.M, and J.R
Swart z aEw® @@ﬁcﬁf’fa%lrsé%%orpoﬂied é%smé’%efﬂe(lmajs eniiyqly. Budntrangipn

J.R Swarga 5béa{e@eﬁ k

ana Pat o o B M on P R AT L S Pl
U.S. Pat @Atnggeyl tRé?ﬁsWﬂrfg@e (URS), andtaesmectpql,u@mmaamdoﬂ ghlen uEORA0B A6 664,
WO 00/ 55 r efer.enc

or oin e, NOCRS B iRey il 8 o RIS WAL OQIRLE il bt o AB Uifogonal pair
MRNA- peptOif dlee Prgsind mﬂm@dxmsqmmpoﬁdeqf . @-tRNR, elRa baemipsreaml BN AS2 Ednedshift
Pr oc. Nat cad S 1997 rankel , et
% chon e 3 andfiks. sl B0 5 TR0 Lh SR 06 R st seles A Rt S has
mRNA te rrmhﬁirassiomrﬂewlt}t 0 e aEysTiatogBaté byamisdat @drekfirte REPEdSKor@BddMEThe
ri bosone. |f on nore t RNA nol ecul es_have heen nodifi ed,

non- nat urrat “&wi tﬁ% COEPYENS 4R INPEPFHE Ghesesics duing epid o ﬁe@’f’?"ﬁ‘é pedypeptide

wel I'.  Af tedin! heol axhmpBNA 60CleR 13s Racknaad RISieCant Y .
the G ter murllus of thlgmpgeptl de. If the resullﬁtlﬁnga A ep;[ i de héRes a

conj ugat @obpsptidsupidntesshearealsmbe mesentngyhpiedhe nﬂpiyégclmtldamqnmmwt F eelector
assay, i (Sad8al id YcbAieRSeRs! b YRIRY 8L Hanslation system can also be an in vitro

sysiem. (RINA molecules of the present invention are useful in any translational system,

mcluding systems that utilize ribosomes in translation.

[39] The translation system may also be a cell-free (in-vitro) translational system. [n
these systems, which can include either mRNA as a template (in-vitro translation) or DNA as
a template (combined in-vitro transcription and translation), the in vitro synthesis is directed
by the ribosomes. Considerable effort has been applied to the development of cell-fiee
protein expression systems. See, e.g., Kim, D.M. and JR. Swartz, Biotechnology and

Bioengineering, 74 :309-316 (2001}, Kim, D.M. and J.R. Swartz, Biotechnology Letters, 22,
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fromthe nRNA sequence. In this way, one nay screen |ibraries of

pol ypepti des conprising one or nore non-naturally encoded am no
acids to identify pol ypeptides having desired properties. Mre
recently, in vitro ribosone translations with purified conponents
have been gorted that permt the synthesis of peptides substituted

with non- 1r§é?ﬂ 4| @Oﬁfﬁeéﬁéﬁ IaM-nend d& duwarke diotecgologp Progiest, ef6, e¥85-390,
at., Pr szzodlﬁlltmﬁc‘rﬁﬂﬁ a%ﬁ'}R (S'x%%ﬁk &9{2;:191%5‘%%%9%@;1# é?ng' 56,48648k 11999,

enbodi nent s, col t conpri sing present
i nvent i orngl n]i’ﬂmﬁ!ﬂesRs wodh -TaRt Safﬁm abictan/vgymts e, W8@xe(ﬂr?ﬂ&§” U heP&ent No.

(0t Ry O 27 PR SRR AR BB HEE R B0 SERRO R Spio7bs, whicn
presence am‘ irmopoghat By sefiatchet haeml NAlIEE CIpERatio tiat selyaet prhﬁ@dlﬁﬂucieéllﬂle
oo gR AR bR olp: D5 252 SRl e B AT B B e
an a n g

pol ypept i(0g4pd4: 17H9eriesh2 (wbe)“,ex u:%kaoérmug'h@%b g st,.@g}?&o 3688050 (2003).
sel ect or _codon that is recognized by the OtRNA. [41 he i nvention

al so f eattitds *pmoeshpi28 TR NANEMPlatesliber te PPy CEeis| tranahteénn@ nepiide on the
i ncor por @ib'o&ﬁné)f If %ﬁé %r FRANRINE el cRfel ﬁgfe%bﬁﬁloﬁg’lézl nd?l'-ne{ﬁ?rglt %'rnﬂo ac;1ds can

enbodi nents, the cel can further iInclude an a t1on
O t RNA/ obRsumma@ﬁdmép ghec peidids edsewelbd Afigr ntheai@a;tchpRNm@péou hes @aqrﬂt‘ctad

recogni z fer .

i noacy T e AP R R S RS S R ¥ ggmivgete

exanpl e, iafoet to bawe inferestimepropetips inse, ineitgy gssayn 1tamdmmys¢appfe&asm revealed

t RNA- ami noac pair derived fromthe t | -t RNA,

synt hot ag0 G PN R 1 HHEYE RS ey SSpeniiemtsr chrpllara st cohuisine

O RS can che oﬁlahbkrealhdn)m@.&ﬁllly rehditgle@ ranﬁﬂcﬂ abies Sﬁﬁﬂéﬁﬁg}é ?glrygiﬁeﬁscl@f :hgflggrdggred
ic

nat ur al | OCCUHMC% and/ or

of tRNA $OPFBICE, ?fﬁCFfH}yaﬁff ‘@E%]ﬂmm? tr&rnﬁlawg Wil ptiipd spmgpyas hayg been
For exanmpéutc@m ni%té%tz\ﬁﬁi 8@Ysyathefls Q6HEIHAEs 5@ NPBPARM naturally encoded amino
t RNA/ am noacyl -t ¥nt het ase palr involves inporting a heterol ogous

t RNAY syntfife-ases péi - FRHY elalg ProcaNgddreed Set ﬁ@?A)tWQr@ﬁﬁé?QQé)st cell,
or nmul ti pi@ SOUr @E3erlifM tefhbobiiGEnflOSh £eld; dl cé[pgorﬂﬁﬁs[i’%meeﬁﬂ@% c}fht%e Jresent

het er ol ogous synthetase candidaté 1 nclu
char ge amyvehbet insbides sRkAY hamﬂhttohéyﬁtpmpeﬁmlmmpfe tikel hetiecal cﬁgmﬂspresent

t RNA can | at e

host cel ﬁ&\%%ﬁ%%c glgées aq’ldrth%égmtl f%lﬁﬁ Aﬁ eerr?) 0g &?%Wpflées supprssion
ort hogonabti\tig ial predanst ofe chgrmwﬂstﬁnéieasem rebpbidike & sealedstdr sddod} @g¥rihdonal
generatin na r ol ve er atl n nt libraries
from whi 8%1 ]{05'6 @2}1 X?\tﬁi‘?t% é@r@t %afi° ?ﬁq‘? dR§n THe&gcleic acid that
strat egi esmgadesal Mqltlbﬁoﬁmaﬂ@ﬂod&s%ﬁolmpﬂ@d bﬂﬂfer&m@kmtp%lynhagoude
O tRNA and O RS are derived fromat |least one _organism |n another

enbodi meAPIPEFE 2EElepRiacqden i fsveepepizetbuiba &-RNMM y occurring or

[41] The invention also features multiple O-tRNA/O-RS pairs in a cell, which allows
incorporation of more than one selected amino acid. In certain embodiments, the cell can
further include an additional different O-tRNA/O-RS pair and a second selected amino acid,
where the O-(RINA recognizes a second selector codon and the O-RS preferentially
aminoacylates the O-tRNA. with the second selected amino acid. For example, a cell can
further comprise, e.g., an amber suppressor tRNA-aminoacyl tRNA synthetase pair derived

from the tyrosyl-tRNA synthetase of Methanococcus jannaschii.

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

mutation of a naturally occurring tRNA and/or RS, e.g., which generates libraries of tRNAs
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nmut ated naturally occurring tRNA froma first organismand the ORS
is derived from naturally occurring or nmutated naturally occurring
RS froma second organism In one enbodinent, the first and second
organisns are different. For exanple, an orthogonal pair nmay include
a t RNA synt het ase derl ved from Met hanobact eri unz

t her nzoaZYPhPPPEEs A R:nHom 2 Yy er sapsanst Fontaipas: ORasraieaned preduging
from Hal ghagip bﬂé‘fntﬁplA/;hBQoét)yl tﬁLTAe@ﬁﬁ'fe{ag@thm nﬁrchgesf hﬁﬁﬁfnﬁ’éﬁgdﬁ@éfaegous
organi sms_are the same. See the section entitled "Sources an

O gani smsRNAGaihatasopaindian cendl saureatirmtharthe hag rellnocwpitiglersources, into
enbodi e e a t

nvent | on ot e fRHatick BT kol ROl B ERERRE et
forth indS@EudtDhiNg: any host 2¢ll GRNAS, ami tha poapepice néﬂiedre}emiog@muRNeoctmdﬁate
sequence.t eaof , or .con er vat i ve i ati er e th
section é‘hcﬁ] C{i & t%ﬁtc%elfcp c?inﬂn%f'ﬁ?ﬁlafisga@'p@yt f%sé C§E Sfé\n ﬁﬁ“&ﬁt g‘e
herei n. @etchogEaatRNANA{HIzbIRNA all H@acmyﬁmtsﬂa%onal tRNA (Ot RNA)

medi ates incorporation of a selected amino acid into a protein that

i s encodesBjby a Aodey@mcétfawglycmr g&r&katﬁgrﬁﬁrdrt:ﬁegonai p&t atbbies Gattenink Naktant
i's recogﬂlzedb the Ot RNA in vivo or in vitro. An Ot RNA of
the presdRtariehiamt VRh ﬁwwwn&(ﬁrﬁe‘a@ﬁn& R 9 10-R Sl e Bhep hrassaivipan ¢ise
by any ngtbBegdnEd.t echnique, including but not limted to, chem cal

or enzymatic amnoacylation. The am noacylated O tRNA of the present

i nventi onyqray beraddegs Adveaiddhtd thaOlRANS luﬁit bats ¥ H@rmed%npaf Rh% @I
the present invention may be am noacyl at ed by an ect

ani no ac PPy 1y ancdieri epbadiraent, Hefdi Ao deriyg! t‘rhm RIafeatlybeccamring or
O-RS. An &%Watﬂiallgh&c&ﬁﬁ%el@&\]}“ﬁ’ bl f?l@ 8 m@z?l Qr((f)\tﬂedgqié 9 1i’ler?ved J‘Fl I
transl ation system nvitro rans on ‘conponent’s; “or ?f’
di r ect | y patoralllyyocgrmmig dir n@u’atedmﬂtgmﬂm Ioemmn@ Rﬂhﬁtomem(sambaé c&gar@nﬁ RI‘IIA cme
a portion_thereof ortion thereof
encoded Bm{) it ty}'ll%f’cjlo 6318@0 o ﬁ%@m%ar%éifer?lgrt KBRS Y1 ﬁ@g‘:’m}_ pair
2, 3, Omay 11&011&13:| ARP @,lhj&ldft&b ylawﬂdémtm ﬂ@zh&ﬁ&ﬂdz@a‘@ﬁrﬁmtth@ﬁ?@;@fmon@ﬁhz&mz and a

conservat variation th of the present

i nventio rﬂ?r%@%&&pﬁl@?&f%‘[%% By 4 QNA berteringy g W Lo Adfernatively,
cognat e sntiRet@s Secofid bEHRRRECrE Phsa®). €40 he GRAMN: entRR €S8k &Nand Host
activity can_be_ determ ned by any of a nunmber of assays known in the
art. For Osscaisse hewgir for additenapiifeizgdionr eport er assay can be used. A
derivative of a plasm d that expresses |acZ gene under the control

of pronoi® is ubesertan gmb()deﬁteﬂ@ oh e agsent infnide g5ePHRIEN WILIGRROVWEN.

of lacz hﬁ,enﬁcﬁpéoﬁﬁﬁge§éi i€l eﬁc%ldg@ﬁﬁ? b l})ﬁ%}ﬂ?ﬁ?oélrﬁe ?ec*uef[d%%s s-g%rth%() BiGo.:

codons, or sense codons (as a contro 0si ne,” seri
| euci ne, lef.cor 3The adempleadanired pblyoTlpltids seqhene thﬂ‘@ob@ue@dmen‘tzmve geddtion

f ponenfERESPSLAS, Bl 9aoR Dot LA BOPRRIE OS0! LPFANAL
herein.

Orthogonal tRNA (O-tRNA)
[46] An orthogonal tRNA. (O-tRNA) mediates incorporation of a selected amino acid

mto a protein that is encoded by a polynucleotide that comprises a selector codon that is
recognized by the O-tRNA, e.g., in vivo or in vitro. An O-tRNA of the present invention may
be aminoacylated with a desired amino acid by any method or technique, including but not
limited to, chemical or enzymatic aminoacylation. The aminoacylated O-tRNA of the present
invention may be added directly to a translation system. An O-tRNA of the present invention

may be aminoacylated by an RS with a selected amino acid in vitro or in vivo. In addition,
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be used) along with plasm d conprising an OtRNA of the present

i nvention. A cognate synthetase can also be introduced (either as a
pol ypeptide or a pol ynucl eoti de that encodes the cognate synthetase
when expressed). The cells are grown in nedia to a desired density,
e.g., to an _OD600_ of about 0.5., and %3 gal act osi dase assays are
per f or medie BSgnay g itgOtive ABeDaARNfo 0T M Brosml Avteatips 43 bAgERYde o the
(Novagen t

R R e e e e VIR TV D
val ue obgehwadeotile dmt theddewi VdRNledr 4 peior thesf. uBer, emteeam PetRNA, or a

construct rres r.at
Chor s é;rnt%gp JBeréad ik 28 Po[%ﬁgilﬂ}% @g&ﬁ%ﬁgﬁ%@ Ll%kce s%{ fpﬁtﬂ IB%%bgthﬁo 3t ey
repl aced owa bdsm;hlememthl y(ﬂd)ynubﬂaotatbchetmenne the@df]iof & oasr&bwmﬁh Farizdén thesof 0

t he bases can be present. The invention also includes conservative
vari ationg7jof O ARNA-{REGY ofxaemiresentC afvemtionatontgrisearsuppression aftividyt iNke
include those nol ecul es ﬁgat fanction |ike the OthA and nmaj.nt ai n
the t RNAPISSREREE COPRIRPAMESe BUFSRIBSTHEE SHEHET tHEs SHRPTESHRATLY Y e
are ot herdetteﬂﬁ‘lﬂecy\’b gn}f ¥P& nluBHA qud!s@agk' h8San iroBE 8! SRr khigpiees LB ctosidase

herein entitled ' eic Acid and Pol ypepti de Sequence and ari ants.
[49] The reporfgosisey om bonpdi shrigrizetive-afRNAagald ity ¢ipegssdsriasd dencaypder the

or t hogon

or ef or ent Tt BRARVTE T SLTVREE AR o e R IR IR O ot ez
(e.qg., amep]mdiﬁ)ureaielaml rodagied.. TAG, T6A, AGGANbiodbodens,sqr sense codons (as a
conposition ineluyding an .O-tRNA ¢ nsl t|on
oyt em ( oot s A e DR b G B P RLIARE P L B o imo
nucl ei ¢ aelidfir@@nRRpsiopgata ophisiliEl e Gini digantsne atblghaortiekopsil dpp@phdntecan
of inter est

rein th ynucl.eoti d ri.ses one ar
oel ect or BEcEHEI ey fafﬁwk BompREngY %\Mrﬂfahec%%awe&ﬂ%f YofiEngie
nore of thasRaseCAR bR RBoPIES eithet Rs aﬁ)bﬁf}é}ﬁidl& o@ra FINRklebi@NEhadicoss
system See also, the section herein entitled "Othogonal

Ami noacy|the RIEEtSgRthegsEen @PRSIed). Flsmelhwf%r@gmdﬁ npﬁde?d@ca @an@fhdensﬂy,

or t hogona| e )
present i r%/et%oﬁgﬁ I,lt %%-a?égin&&é%s@%rﬁg ucedp egglkﬁﬁ&é%rré’t ﬁgl%é
al so a fEeaiRuoer™of- Gal”tﬁtopid%‘e@ﬁﬁsajf IWEG{Nbimg@n) [ FEiceMeduppdssiaf ispaodlart Iﬂgthe

an orthogonal tRNA include nut the anticqdon loop of each of a
pool of PRIATaE & 471! ¥ SCHER etlie Bivefo acasreiioroEs o%g(félegaluea served

anber codpm, theBriPRRkd CRUARInsituct, Atlerd @S R oRREIBMas Bl CordespdnlB&BYse codon at
providing a plurality of potential OtRNA's; and analyzing secondary

st ruct ur gegredgoprtipmesthesfhapnsclspigr eadory potential O tRNA to identify
non- canoni cal base pairs in the secondaTg structure, and optionally

mut at i ng [##He nonln enBaie alolesalse Thaming (e igreplack® witnUrsidH)-.c dn a@@}ﬁ@n,
pairs arg %ﬁ'd&?atl 61(1110& gc&?o“lgr‘{oc@ﬂe hase Pl ie) 185%96 Q0 S04 C &ko DASHdes

pal rs can ocate he stein region o € secondary structure.
conservative variations of O-tRNA. For example, conservative variations of O-tRNA include

those molecules that function like the O-tRNA and maintain the tRINA L-shaped structure,
but do not have the same sequence (and are other than wild type tRINA molecules). See also

the section herein entitled “Nucleic Acid and Polypeptide Sequence and Variants.”

[49] The composition comprising an O-tRNA can further include an orthogonal
aminoacyl-tRINA synthetase (O-RS), where the O-RS preferentially aminoacylates the O-
tRINA with a selected amino acid (e.g., an unnatural amino acid). In certain embodiments, a
composition including an O-tRNA can further include a translation system {e.g., an in vitro or

an in vivo translation system). A nucleic acid comprising a polynucleotide encoding a
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An O tRNA may possess an inprovenment of one or nore characteristics
or activities, such as inprovenent in orthogonality for a desired
organi smconpared to the starting nmaterial, e.g., the plurality of

t RNA sequences, while preserving its affinity towards a desired RS
[52] Alternatively, O tRNA's may be devel oped by nutating a known

t RNA to H?Bﬂ?ﬁp%&eeof iplereshvieamt |t%PW%138?d%F%WYF§§S aR¢ PhiMoye eecmecogens

nore ol egdde@ved BRthel @-ftIlENﬁn efa c&ﬁ@aﬂ%cﬁtdf%ﬁe Of nRFELABROBANIS

transl ati on nachinery. Such conponents include, but are not ]fg%gsem -
to, el onght iceth oraethesr kansBhien exybtam. elSenghri the fegtipio rhemin Futiptday©rthogdossl

role int oteln synt hesis. Fol | owi ng

am noacylflgtﬁl o%é}g?@ﬁ% wg%} synt het ase, EF-Tu bi nds t he

am noacylated tR

st er borToet vest TS S hicgik by bRub il fo Rovid s 83T e pEd e
from Spo rt famecuds themrdiel)ﬂ ipsergiodu e RNA, e, lmnr(]ﬂ-l:Ri’gAbﬂb‘ﬁmﬂ bﬁﬁhéﬁhlet&mdhs also

am noacy! ‘;tletF Stortchevm et al. investigated nutants of the
col i iPnFeECT 81 KRR NEEE0B0: Ge4 wobbl e base pair in the TTC

siem Si this ir was foun dar ative

det er m nggﬁ bl oc QE%@O%IS ﬁgprqdﬂﬂﬂgﬁné’ Pgﬂﬂf‘ﬁm a‘PF S‘iﬁ“b %Fé‘%‘f‘?élBP}OOP
due to adfeakestersdolbeRaCAlsOn ek Weetniioe ofk selfstofIdoANE ., an amber codon,
am noacyl at ed t RNA (,JBC 2003 278(20):17672-17679). Al so, LaRiviere et

al . descioBaroian SciPBhRase sefen, ey, bersompioxidme a Biyrality pEpotential O-{(RNA’s;

t her nody naragal EdcBital-P Biguciire bLhE '35\'4‘1%1@
t he overall bil ﬁ%ﬁ%}&)‘;af falygl ty trg EF-m ‘Igﬁ%p%etgg})ﬁlé?ggp BQ&UEH qulé@ﬁnfy

cont ri butiPBrsncaicat pasq RS Bode saePrdig Hrvichios, aridd Oaﬁ@allﬁdé}#emme ofn-
each ot h% &H&l B%@Lapau& GRIRBR! Qﬁl?t}n?ca QJSﬁggﬁs %’@ %ﬂe@%%ﬁo&%ﬁ ﬁa@ﬁ%rs).

are correctly acyl teratlons to eract ron betwe
EF- Tu. GT IThanIﬂthheom@NAawmmmIbatlexdtem ih the ktemmagﬁan wif dhe mbmtta13aemel:t11re

{Tﬁ‘g raT Lg(s:t) n@hﬁ%ﬁ{&# ;il‘)oeslrslf% 11n]t)rogenmeslﬁ { lgcsn%r%)}no&'a g]&mBCEA ers El{ﬁlar zbzywrcles such gs
anal yzi ngmproy/mhadt is brthegoun ity fof a desiipd exesisheiongared tRife staidg ﬁiahﬁlTal e.g
conponent s rg{}iﬁﬁtl onal nmachinery such a P& EF- Tu. For exa

Ni ssen etthe u1a1 AFEELEE VI PIERE RS B lﬁitﬁé@vﬁﬂ%%éﬁsilﬁdg the
phosphat ackbo of .the é ﬁy%em of . yeast phenyl al anyl -transfer
RNA (Phe @ﬁ%‘é@lﬁg SRo7gE 5pay pe ﬂ%@i@lﬁlm mEHg FrlEnoE; Hods to

opt i onal Im/odma@d ﬁsien@faaioy;zwng drhendisretmay 19fons ecﬁqﬁ&%eﬁoe&ué% fluence
and/ or am noacyl -t RNA synt het ases t'o determ ne potential candi dates

for an OffRNEionGrRSe campyrsptspefi transietiey wethina atSugp seaponeispigelude, but are
or t hogonak: fiQfte@toS RRGL IS AESRN I SMer&O bn faB{ QHRPE Q\Q'rf{eﬂr Dotk A€ the
e 8 for P

art and descri bed her@in can use e ana ySi s.
exanpl e, clongatishogisie iparretein ajmtmstShd“@Bwaingtmmeﬁcafﬂatmnad)f &@nﬁd‘hﬁérﬁ;s tRI$A

oo ! s PERRYELIS SR MMl ROCL En I B, 8 PR REARSSR.
[54] A pddb cgfr idRNAetyeea theadlmozel emproditcad tbwmqmmmmwa Bdnf icRgYieous
For exan‘%'y&folysis due to the binding between EF-Tu and aminoacylated tRNA. Stortchevoi et al.
investigated mutants of the £. coli initiation tRNA™ U50:G64 wabble base pair in the T¥C
stem, since this base pair was found to be a secondary negative determinant blocking the
tRNA’s activity in elongation, presumably due fo a weakened interaction between the EF-
Tu.GTP and aminoacylated tRNA (JBC 2003 278(20):17672-17679). Also, LaRiviere et al.
described in Science 2001 Oct 5;294(5540):165-8 the thermodynamic contributions of the
amino acid and the tRNA body to the overall binding affinity to EF-Tu. They indicated that
the contributions of the tRINA body and the amino acid are independent of each other and that

they compensate for one another when the {RNAs are correctly acylated. Alterations to the
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the pool of tRNA's is produced by aligning a plurality of tRNA
sequences; determning a consensus sequence; and generating a
library of tRNA's using at |east a portion, nost of, or the entire
consensus sequence. For exanple, a consensus sequence can be conpil ed

wWth a GpepMt u tloally,

degenerat e poslﬁ P%ﬁg&{ g]tTélftﬁnﬂ?\ed& El% tg ﬁ‘f 619188?%’ t‘%r‘@%%ﬁ’ﬁd‘%ﬁuf Ao acid

nost fi - egietffechtisefBdenchod eheplo&‘hmg afthe tENAltb Iiieah Yitd 61 By RibBRThZ SthtddYial
For

t echni qu r t.ne consensus sequence,

e o el Bl B o e B e e Dl bedace tBNA
the t RNA agé eiec aompenensyoftihasnied! aschinsP RN MPH M CFH :3RHd Rssen ot al,
consensu enc %@lg % .xture of the other 3 bases can %

used to 1(%‘?/ E}a'ieﬁégqt ‘f@ b dindy dyrcthre tecophoaphatasbaskpneret éae T Gatem of
m Xt ur es ye@n ﬁ@ér@méam-uaﬂ%r TN Al (PhelRHANEEVISEDS Y50 S5 ‘?28&%3025% a

m xture of the other 3 bases, 80%the consensus seque ce and % a

m xture gf3jt he Otﬂ‘l@ Eneﬁm@@%ﬁt%naﬁ?%cw@l@ a]‘ﬁfﬂﬁ?%%m%? ngqql.ltaeﬂ?eﬁﬁﬁilglﬂzﬁ 8

m xture of the other 3 bases, etc. aries o
can be g@h¥PhEBHONEIHRNGaPNBEEsInie égtemse sotent&dhmdqdm fhﬂaw@ RINA, RS

For , £ t ed
cpeci f1¢ eabr ond rpe e Tonki s S Ea” b baoas oreisbi i

DNA shuf mqgﬁ@n&iﬂlo\mlhéhe mémgir@sutéuedhem@emeae asdiebBE Snal ¢34, MBIdné example,
dd| tional nmutations

t
o BT AT PO e S B 0

conser vasyniistgpo santuoﬁ ra(tRN,A trchatenah@Qhse héﬁa&bp\l@ Qﬁlfshél' 1RR{otdg t%tm Slaryotic
random zed p05|t| on(s), or a 16 conbination thereof in adesir daI

| oop or Pé’gl SW ‘of a tRNA, e.g., an anticodon | oop, the acceptor
stem D v | e Io T PC armor | oop, other regions
of the t |‘§é%1°1a°§ B&g SEaht Sﬁé’ﬁpé?f*utﬁ%héé}fwnmwtstr@twy é&pr exampie
i ncl ude tietmbeds ASA’PRIgrsduchd bHQIsHEM JQFHO b ¢ al

O tRNA i s obtained by subjecti ng t%”negé{l vé@se Eezgyt‘# (S)érl‘%{)(lglllc(é &B&f m%a

of cel | s°YFTEF FFRpSH AR %%1313\%%13@1}%% of BIN4 sosingrat d@siza ptﬁt[bﬂ;rmm of, e
pl ural i t jhe@htireRh e selectlon elim

cells that (gglﬁprl gégisg@%e%)ﬁgr of ?eﬁaﬂﬁ?ﬁ{&u%g%é ¥ o P6r &M P%Fm@‘?ﬁ‘gmﬂéa
that is eAWRibACHTostEd by ameafiCRoacydrart HNkupyntCD}ﬂioaslﬁz,(cﬁ@anexét@aﬁositﬁms

endogenoys Arovides, a s that are

or t hogonal eI] tot E@y ‘EI‘E{ }Fl%glay]%% g, o tB%f‘goegg ﬁef{g@gxf PFF @eiiP3g positions. A
embodi neliraryol syhihesisglaby mhmqimcltnom inahs etteGiny the QEaRLS)s éeﬁueuce For
i nt roduc&qm [1 gvggl ynucl eot i F Cpcodes a negative sel ection
marker, e g, PR Ol ERPIeP Lics Tt MR T6D P PEBARRNA geng oam be
(3-1 aCt aamﬂeslzmammzwm mhﬁﬁre@f@b%ﬁl FofRhast3bh&, %

(3-gal actlgfa::{jg go heni co acgt ;I t ransf gl!rlag‘ggl?déx% & m%;tgle Of the
t oxi ¢ pr°3 qsgﬂé’ﬁ“ g USaionkrgeide dhe Bbrapnbased entthatonsesing lSc,qll,en{Et COthei
Scr eeni ngixaetLehi Wﬁ%e&%@%@a G &ﬁ%%t@%e&t@ﬁoe and 25% a mixture of the other

3 bases, 80% the consensus sequence and 20% a mixture of the other 3 bases, 95% the

consensus sequence and 5% a mixture of the other 3 bases, ctc.

[55] Libraries of mutant tRNA’s can be generated using various mutagenesis
techniques known in the art. For example, the mutant tRNA’s can be generated by site-
specific mutations, random point mutations, homologous recombination, DNA shuffling or

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

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

conservalive position(s), or at a conservative position(s), -at a randomized position(s), or a
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popul ation of cells in the presence of a selection agent (e.g., an
antibiotic, such as anpicillin). In one enbodinent, the
concentration of the selection agent is varied. [59] For exanple, to
nmeasure the activity of suppressor tRNA's, a selection systemis

used that is based on the in vivo suppression of selector codon,

e.g., norreEmietion Uierepfesi flesiredniocs pioresionnef odRYAd cigat @ anticodon loop, the
Ponaier SR et SREONSC0r (EAR HE PECSE NofR dihwelloflh of dle mva
gene for l'act artase (bl a).”” For exanpl e, ynucl'8ot|i de arlan

e. g., bl andanicant 8 combidation éiegeof. ]Pﬁ;@,tmﬂ%ﬁy sl chealt base paitd mrthcastem
certain p05|t|on are constructed. Cells, e.g., Dbacteria, are
transforméd®With t hese polynucleotldes In t he case of an orthogonal

(P ISE Canngtcl, oL LR 1, RSP SRR S B €L n «

shoul d becplietidn 6f cdliess atfhanspteaad wefe 18e bags @nipRisk HARGhI TE ehepItdAliR0f
plasmd. If the tRNA is_not orthogonal, or if a heterol ogous

synt het af@tEHHAPIRNASs cHas Brgalve sefrotipRR{imingtes GeMsxpresuise f mpgpeber of the
system anhhgher }éet@l‘{t?all OfR NS 1Rt @ drGinoRyMied tAMRIaGIAdak atRNA@%’lﬁ{e?égg ﬁ{

is be observed. g., bacteria, are chosen that are unable
grow on LiBtagedogqsont t@sthwetl}s Ahisitoédss@ noehefRiNALs ilohsare apbegonekjadhe ¢el
cells trap Egﬁggﬁ Mith no plasmds. [60] In the case of a toxic
product (e. %onuclease bar nase), when a nenber of the plurality
of potentk I t a t e ost :
Escheric |§ coryﬁis§ﬁ§ e?%@gﬁﬁ%LQ 9Ptﬁyrgg£§%tg%%$ gg%néﬂ&? %%?n@)ls
host, e. gnt,tOCEs@]"netOi mﬂmchaotlde ‘éawmﬂoedeaaesgatwbmelectﬂoh rsakercb @r, a enlyme that

d t l.eotid duct d
et doarheicat PEoh R EeRRy By FREGoNAT BrRa or URbAOHHAC DR RS

survive. B odici@sE r@ﬁﬁﬁhﬂﬁiﬁmcol %t)ﬂ%kfeﬁfse KCBM) $.d NebxRNBoduct, such as

orthogonal to-a desi red organi sm are then su jected’to a positive
sel ect i orvajmasaat @ noa-esesntiak prsiteond ofs- |S,~Pfffﬂnmééleptﬁpl7a<3%§lo@ flpneeby growing the

sel ect O%ﬂgﬁ%‘ﬁ{ of c@l‘.]%m’thoegr%g%l%gopey s ecg 1&'9 &nf ie'% a%f%glrﬁl%%gg esuali%%caPnp%ﬂlm).

(3-lacta ive se

conpri si Agoas q:mlqumue:iislﬂle poie:eemnmdmlﬁ@le(wlecmmmgem imgarged. menber of the
pool of tRNA's, a polynucl eotide encoding a positive selection

mar ker, df®] a pobyaualpénte deasincikrd iact@ri@mj sapeeRS: tRthée’SGa Seiectlon system is

pol ynucl eot essed in the cel d th cel

Poe or b e MEF s PoeatAPhE 37 Slguiptrigioh Bf SRt efmn  &: pristuicr dhpieahit
sel ect ed mift@tonk h@itdduadd intd ¥ pbEnREedAidt meydo@te@d nbg/antvb Qele@R%PhAEE8CH. ., a
cognat e synthetase and to insert an amno acid in response to this
sel ect or BRGNP W‘iﬂﬂ%ﬁ (Bf2). t Reisecappls opwsieaiide sifamdehenly Wﬂants with,

suppr ession ﬁ%& gy aftd® TR %g%)?tl&?lalc%‘tgﬁ {tioﬂgm%o&n%ﬁ L 891?51 e.g.,

tRNA's, of 't cannot F'etentt recogni ze th
synt het adectefia,ian¢ @n&@mmeﬁhﬁfﬁh ghdse lmbbm'lcm@es hha tho n:-asef efhat loahwondr tRNA,

t RNA' s t hat. al t rLeco n|ze y nt het
R e e e S T e

(1) are naod., suddilimatesgadcer shfenhlidge]hmtm Hﬁssﬂl,an tlent Gor,a Hastehie tringlfivraed olith,no

nt h (1] mn nt h f in
Z% dt et asp?&?sinicg. h’) the(:: %\I 61‘5 %ot ort og na?tor if elz) %etelo‘laogo%/s gyn te?assg cgpable gfecli)grsggng

the {RNA is co-expressed in the system, a higher level of antibiotic, e.g., ampicillin,
resistance is be observed. Cells, e.g., bacteria, are chosen that are unable to grow on LB agar

plates with antibiotic concentrations about equal to cells transformed with no plasmids,

[60] In the case of a toxic product (e.g., ribonuclease barnase), when a member of the
plurality of potential tRNA’s is aminoacylated by endogenous host, e.g., Escherichia coli

synthetases (i.e., it is not orthogonal to the host, e.g., Escherichia coli synthetases), the
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(iii) are functional in translation survive both selections. [62] The
stringency of the selection, e.g., the positive selection, the
negative selection or both the positive and negative selection, in

t he above descri bed- net hods, optionally may be varied. For exanpl e,
because b QX C. tein he tr|n of the
negative ?é‘?g"gfﬁ"gﬁ“ gﬂ?\ﬁ;ﬁ%&&g‘%&ﬁ%& {1 ° tamﬁ ? Plge Wtfﬂfgcf lqadarie eall
of sel ect &athe dedla daibatiog ortiveoh nRINA (Q&ﬁﬁ-ﬁ&ﬁdbﬁﬁl tMAEtSsluBsgveﬂn i nduci bl e
pronoter. In another exanple, the concentration of the selection or

screeni nglédbent ils Ouaamb@ﬁlmemgthﬁ PP fGRNIAP $ihat 4r® oRRG0ABIAS Gl desirddMBganism
stri ngency the desired activity can be | ow during

early round 1tEen‘l‘cﬁlujs‘c"%lEjed l%% & sp °§{ PP glarHonsia weeh aseleripr evdoa ia rpéacafbpn P @dsitive

early routkstion ehafti e 51 EhdtdeNlyy Gy . roun
of selecti onE I n1 certa?n enbodi }r’rrenﬁlilg rbﬁseté{ncgggae??\r}]gh@gl ﬁe& Q%agé ERE ?135

posi ti ve ROSItEESsIgionds pybEmed pe Cﬁéganpmelgeanblmlslebw@emeﬂﬁgbr ﬁtnnlﬁﬁﬂlg a
be repeat I fferent negative sel ect
1§Qnﬁ@1‘ kiR 1?00‘1 b PESNA° s“@h&l&ﬁleﬁaoﬁ o?rf‘?oﬁlélé &Rog@VSﬁaeCtﬁBﬁaﬂ Q;eand a

mar kers, positive selection nhar s or
sel ecti Orpomlkbﬂtsd%@m@% cxmdic RN Therd polpmerdosR b preds OEInARS Il M8 the

and negat 0 rke nbeth sane, 3] Qther types of
sel ect |gonés;1 ﬁgﬁﬁ%éﬁ%@ﬁé’%@e 8@%%‘3 GHOR gaen rﬁr%ﬂ"l“}"]ﬂfgﬂ%frbrtpﬁ‘%é@éq 1 selected

or t hogonabr thearbilay H:G)h@.hmﬁﬁﬂ@@;ﬂﬁﬂbﬁ the@o@xpred@fd 65 dnBl dyn@Riat: B ¢
Ot RNA/ O RS neg atl:i ve seléélctl gﬁ ng'r ker, Oqﬁgmaz&

posi tive lsné]i“g%?ﬁﬁ Bhreﬁ%nﬁee‘i” HE‘ SBIB‘E‘:HT ?cﬁ‘@n pggli”ﬁﬂ?e’fheﬁ%ceélﬁahqvegiatmhﬂecement in
sel ect | omllpiﬁeésmn%fﬁaendyrwn%ﬁedator@nkﬁérbamg ndd-# @Eﬁaﬁ? B L3t ?ﬁﬁiessth%

| um nescent ﬁghl on in the_ presence of sul t abl e reac anf
anot her ééﬂ’i?ﬂ?au uily begrensiized byfthe h)élfhﬂé&sk@lf mtsxeetet”étm el ]imyborlng the non-

f | uor escenggivaatd:vViaheds QI‘?&[‘[ arS 9t LAg;d %ﬁf‘m ; gx%%e&) ¥y I %ﬁ%encq%ﬂlm?éqst are

Optional ly, the marker includes an a ased
See, Fr aﬁ@}sgtg/@ to the antibiogig. Theneforeg RI98)s tRtoduat nlotr‘suhﬁtﬁhtes for endogenous host,

fluorescengc I [ Escherichia coli expressin
functi onal” gjr'\g? /?Jlbi)é%t% %ﬁﬂe a§‘% an SEEFRAY A ?fﬁya%‘@ S}"?ﬂ‘?ﬁﬁselﬂlﬁﬂmﬁga@d
Sci US Am)gl@fnmwnal 1ﬁtra1ﬁsﬂsa¢j|onm@ute|bonﬁdeleﬁﬁ®ﬂ°sods for producing a

reconbi nant orthogonal tR A can be found, e.g., in US. patent
appl i cat il®@is 10/ Iﬂt&tﬁﬁgﬁ;ncgnf ihielseldctide b, Qodfe R8I vERRBA RN ﬂlg@@gg}@g Sgig&m

Product i noacyl tRNA Synt hetase Pairs" and
10/ 126, 1%1’9 @P‘I’S ﬁw%8 Sp 8%%8} teiabaveoteseibedimethpdsaaptinnally may
Aci ds, " hﬂdaﬂkﬁSl\Foﬂ:@kﬁﬁlﬁe €88 bhih&ds an Eﬁ? N%%@'Ste@%@ egcy of the

GENETI C " See also, Forster et al. ogr annni n

pept i donfl?‘ﬁa&f’ ¢ ST 1t B erntiglled Phﬁ%ﬂ%{lqw;dlé“@mt egnlws eSsolesir gndhs deto
nova. Pﬁi@sbﬂ{ﬁ%léénégﬁcﬁoﬁ?b??umﬁ% Ay E Fﬁrﬂ%bﬁ:t pfao!mot A 2003} f X pand| (Jj\% %1@
|

t RNA recognition of a tRNA "synthetase by a single anm no a
PNAS 100fpiratigy 6f disgselectipp 8T sorcaniugragehl ishieripdt Esgnimpioitkmt |mmnmypebe

am noacy {1RtsgshehdNis & aflEF bEGHseANL Asired activity can be low during early rounds. Thus,

less stringent selection criteria are applied in early rounds and more sitringent criteria are
applied in later rounds of selection. In certain embodiments, the negative selection, the
positive selection, or both the negative and positive selection can be repeated multiple times.
Multiple different negative selection markers, positive selection markers or both negative and

positive selection markers can be used. In certain embodiments, the positive and negative

selection marker can be the same.

[63] Other types of selections/screening can be used in the invention for producing
orthogonal trans]ational components, e.g., an O-fRNA, an O-RS, and an O-tRNA/O-RS pair.

For example, the negative selection marker, the positive selection marker or both the positive
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acid by any nethod or technique, including but not limted to,

chem cal or enzymatic am noacylation. [66] Am noacyl ation may be

acconpl i shed by am noacyl tRNA synthetases or by other enzymatic

m)l ecul es, including but not lim ted to, ribozynes. The term
"ribozyme" is interchangeable with "catalytic RNA " Cech and

cowor ker §n¢ aisgpiver sEvctione Meres comengindy a rEHer %TC&quféceét oy (catalyzes a

1987, CongepbeB 0&E8Mn 88 p4ddicd26) sﬁ'i%%r@&ftgft eg &ﬁﬁwp El%ﬁ@cﬁﬁﬁntog product

naturally occurring RNAs that can act as catalysts (ribozynes):
However , o&fhcouler is Wetseted hatilnossceRrspagaigtlyrell sotiag € @Gﬁyordeewnsmf@mce

to act OQJ\PQPQ%EE{GEA’@‘ ftnfd;]fjﬁég) tif%n Of %59& scrg%n?rr?%/ @gﬁcefa%ge ShLi&ln9; A égf}

recent de I'cla Ion o nes 'has  expan
t he repent ,0(19%3)0‘?; oG@dtiah st glubnasaeam—@usw.teﬁeseﬂ calting eﬁﬁ‘bah@nshza Svkietesssing

on- Chel r Ccli Cosly b0 RO Ot PP aHaaRRar e Lo A A Sha0 S oRTRAR.

267:643-847), and an RNA nol ecul e which can transfer an amno acid
fromone RNA nol ecul e to anot her (Lohse et al., 1996, Nature

381:442-4¢4}) . [ BdlitidnS mdPad & Tbr APOLdEAL feeémﬁmhloetabg&m 2008 cA2ES8RI3,
which is incorporated by _reference herein, describes rret hods. to

const r uct&viHo @n@éteahHPRI}"?%TF?“Su@é@@%éﬂ?ﬁﬁ%@f%@?ﬂﬁ B Compgsifions tfpr the

nat ur al | yr&neQsesk e Ben tmumhﬁo\éqﬁ mﬂﬂ%imaeepa&r d5id 1%@&117%%3(1
19 inmmobilized forns of enzymatic ecul es that can am noacyl a

t RNAs, i nbl ly@rimdnmorﬁmn qfu Tqﬁm?é@lat d\m}ﬁpbéﬁsdﬁ;es andwéySFéﬁakﬂ/&ZSeﬁﬁm @ntetlﬂi
affinity.p GoBEGAUG) %zsoEi&Sx{lI& %ﬁalo f(2003)

suitabl e su st rates i nc]ﬁu e agar ose sepﬁar 0se, and nagne
The pr odtﬁ’@@gramnmgqusdomfmazcsws’temaeseby roptiudrigz echefiorciaf dasighed yiawiovo.

for amn | ON.J cri,bed in .St and Biol o 2003,

10: 1077- 2‘?%’&96:%53-625’2@6‘ B ¢4 ap@ﬁbﬁpg%‘i"’i’%%’? ?%#Aig%lzﬁfﬁﬁééma
whi ch i s simeosponatseibyninefeidnaseHENASN00(168]56cCheas cal

am noacyl ati on nethods include, but are not limted to, those

i ntroduce¢gsiby Heah\tRmd)me\lpfekﬁft Sm(elrﬂa@xhtnay?me Mln&&mateehﬁml aResiredl 8810
25, 545; Hackl er, %nsser . ; Chagg - Hecht,

S. M Bi 88HReM &b¥ W@E@%‘h of 3 1ﬂ2§4mcméwﬁt butgwt thGdAror» 181111031 of enzymatic
Kuroda, Ymindshjiang, S. J. B| ol. Chem 1978, 253, 4517) and by

Schul tz, Chanberlin, Dougherty and others (Cornish, V. W; Mndel,

g&)é)erst(‘.:rs]glnsﬂs PA @mﬁé&?l\ﬁe‘hon ghi%e E&Uomlpﬁghed@}g bmml)%%f? tRBA sﬁ%ﬂetases or by

1991 113‘sh62v1@2’mamm@%ecubs lglcludmatbﬁbwl@awmw, nbszmes t#ei tﬁlfmtmbozwe" is

S oo, g IR el iR ie TR dit i
Bal n . 16%9;@tlcGdrkleNdtaliy b98ﬂ9@21,me§66$105®m 6@2!1296hdenmn8ﬁat¢d thegtresence of
¥R O gD ARy By i Sl Tl
268, 439,11:1‘[8&11 dsNAMatiystethaad .onll). b&Bnothowaheimct 1&96ibonucleic acid substrates for

cleavage and splicing, the recent development of artificial evolution of ribozymes has
expanded the repertoire of catalysis to various chemical reactions. Studies have identified
RNA molecules that can catalyze aminoacyl-RNA bonds on their own (2')3-termini
(Illangakekare et al., 1995 Science 267:643-647), and an RNA molecule which can transfer
an amino acid from one RNA molecule to another (Lohse et al., 1996, Nature 381:442-444).

[67] U.S. Patent Application Publication 2003/0228593, which is incorporated by
reference herein, describes methods to construct ribozymes and their use in aminoacylation of

tRNAs with naturally encoded and non-naturally encoded amino acids. Substrate-
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271, 23169; Hohsaka, T. et al. J. Am Chem Soc. 1999, 121, 34), to
avoid the use of synthetases in am noacyl ation. Such methods or

ot her chem cal am noacyl ation nethods may be used to am noacyl ate

t RNA nol ecul es of the invention. [69] Biosynthetic methods that

enpl oy chenically nodified am noacyl -t RNAs have bheen used to

i ncor por &FE1°8 %%CY frmpjod 5%5&@@%%@?@@? 6 AHGE el #He TBYAE. hlé%liuéléa bpjot
vitro. S@i%nteﬁh% flﬂJOEﬁ%sngmﬁ)}U%hﬁ@téfﬁﬂénta%nftﬁflﬁﬁﬁﬁﬁﬁﬁl Yttﬁg aﬂlﬁ@cﬂated
Brunner, J. New Photol abel ing and crosslinking nethods, Annu.

Bi ochem pscziunm-%cmza(eﬁg%)uta slibskateeipclude @2a103pa bepBATos®. and mmncigobﬁads
A E. Phot f |
R L e S e
Proc. Natdbsanedadn szst&B(aﬂ&)Bﬁﬁ;@y 2(3)6080(1!)%6084 [aﬁ'aﬁ)]U Br é%atenuaﬂipphcation

| moor por &LRR TR a0 SRR v c@ﬁlﬁﬁmﬁfﬁt% SRR BB chorm cal |y
o1 o0t antilu - cCyREc PP, S TR i SEERAR0T b, e

rnut at i ofnirddatdighyt Heg€ aad %@@ﬁ&@%ﬁe@iﬂes QanA&dligstint BEE 189MUITDE45; HeckRE
commbn twenty amno_acids with close structural honolo

1 uor ophdnGHdiosmiThe: Rort: BHerpRE Tt Subl RioQe T ORtneds /2 BettsrS.

a particulan@p, e LaCKGrod§e? Wralo, S O8], cgsné }9782@536\'3,’25%”%d%511h}tz
Giffith, MC, 'Schultz, P.G 'A general nethod for site-specif

i ncor por &EBReR, Dt@ﬁﬁt%@a@nda‘?ﬁhﬁé (Germds, i(nt - pHerdsl.nig,; Bhplnde, GZMEEW

182 188 Q:%q%ﬁa%nt Gﬂi\%gl'\% 34 %té%ak beﬁc}ﬂh %n%g %ﬁxﬁaﬁ%grfx‘lzs@g?@ . B2,

B osynt héﬂmm §o¢. 698 hddBf 27221 Nownp6r bt Authom: canmo%-mﬁmmai Narfi.nSctailti,P

10,2 ROBGRI 148,240 4 BT S0P GBI 011000 (L1BRLLN A e 58,

Ant hony- Gabinl Eoc. $989,Nat £§013(Bdin, J. Bc Rukblt Watule 1092 B 355 $BT; hﬁl]lﬁi}] et Hagter,

for introduci nnat e-specifically [nto

pr ot ei ns?1d ﬁg‘ﬁﬁieftﬁ ﬁE‘ng&W%OFEW 433%0 érs‘gc athy g3k T. %ﬂﬁiﬂ%’%‘n&%% 271,
D., Corni19991; WoWal ST W bE Sciénde, 1814, @68, 30 esde dviMit @genesic. Widnh 1896,
Expanded Genetic Code, Amin Rev Bi oph s. Biomol Struct. 24, 435-62
(1995). PR7L]2H6P: Eehsrbrel- &t slugpressohen FRs: \A/a%9,p}?épéﬂéd0twatd the use of
r ecoani 2 ethhhges oAt AeRidi Coalt Rl BEBER kb RENAROBEN| AR tndhddd
an unnatural am no acid.” Conventional site- direct e mut agénesi s was
used to mWrb@da@HOtmnwdpledBﬁmnmAalemf thdiaventios. of interest in the
protein gene. See, e.g., Sayers, J.R, Schmdt, W Eckstein, F. 5 -3
Exonucl ea®Hs in Bbhmstbttbr wethodathet bagley Cbbmiyﬂléﬁumwﬁiﬁddmidbmbﬂ?éﬂﬁs have
nmut agens |, ei. Cl

acyl ate dlbgup][[l)%rég st§ (1)1?00 g g%?%l b}c@hﬁ%mﬁ?)}o})eg%&v\é%ﬁg ﬁg n%}{g]f%%ea i V1tro See
vitro tramstilbptigonbiicaiak ahd eefesyst eted tnhﬁxmrma:tnmral Z\&mﬁbotalabdz;@aszd

I ncor por %}O%ng;ma methods, Annu. Rev Biochem, 62:483-514 (1993); and, Krieg, U.C., Walter, P.,

Hohnson, A.E. Photocrosslinking of the signal sequence of nascent preprolactin of the 54-
kdlodalton polypeptide of the signal recognition particle, Proc. Natl. Acad. Sci, 83(22):8604-
8608 (1986).

[70] Previously, it has been shown that unnatural amino acids can be site-specifically

incorporated into proteins in viiro by the addition of chemically aminoacylated suppressor
tRNAs to protein synthesis reactions programmed with a gene containing a desived amber
nonsense mutation. Using these approaches, one can substitute a number of the common
twenty amino acids with close structural homologues, e.g., fluorophenylalanine for

phenylalanine, using strains auxotropic for a particular amino acid. See, e.g., Noren, C.J.,
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response to the UAG codon which gave a protein containing that am no
acid at the specified position. Experinents using [3H]-Phe and

experinents with a-hydroxy acids denonstrated that only the desired
amno acid is incorporated at the position specified by the UAG codon
and that this amno acid is not jincorporated at any other site in the
prot ei n. AgBeny-£aill, RGHER, M, ajchuliypP & Kebbpagnt wethad Jor (Strogycific
Nat ur e S'Erxrcb'ﬁ)to%rﬁ‘;ln DO 119&1@ ac%gézn%glgroté}%dﬂcﬁﬁémfﬂéf 183 1%8 (1b®jdﬁﬂw

D., Schultz, P. % te-specific incorporation of novel backbone

struct ur Bewikt® al pBeiense S 4@814&{&%95)285(1513@1,)@1&1937 2606 Qi1.992y.. Clfapgjerlin,
Met hods r t e
Lo, NSRBI P ROL0L L PO I 0L, REDGHDL) DB AR A
evol ut i opolppeptiie Jpaol é‘,hemc&o echiliP18+8814 poBby N. (Budﬂzesat rRBFASEB J. 13:41-51

i by 1 FOOREE PR Ty Nisalgh R romeon - W58 Rl g G miee

conpri sexembhfrsr a«nﬂfcz@ézng e@maﬁzztda@ﬂm foaglk | sitbab&ifmeay) aﬁrqu oﬁﬁis! Méthb,ds in
such as a G&U no and_a i ch rel\gl on. For_examnpl e,

repor t ed%af"ob-zro?c F\Ol ?%le(b?%)mﬁﬁl PAede) i @OF@ElbgW\Yl é‘ns‘ékfunéﬂpéq‘n Hes-
aci d subgfrate Mﬁ&@;@sz% WRtEDa s oL 0838 ABRAIKS, Mobhyst Bfond] Struct.
termini of a tRNA." In conbination, the GAU and notif and U-rich

region 24 BaERI19%-e si mul t aneous recognl tion of both the amino acid

e 5 CLAN . ER YR o TS Ao b LLALE AT AOEEN A Al
vitro sell@¢t mohwas plrrﬁgmaﬂhaalmnaddylatadawﬂimm Zteuhturalzmnnnmclﬂon@@rgan‘fmjlab\mteh
t RNAAS" ¢ syst.e engi eerl

sequence ST THEFRY: Héo VY G BlcloS R RRSRuPErs S B Te Shlfarhingte
by this peidiodehe S rrd SEyeﬁs ri.oZSehmidiaid. ESkSﬂﬂS,CFJ beﬁ E;fbnu:zazses in

Pub. 03/ 0228593, ents of whjch is incorpor d_hy
r ef erencéhcf'fé{’%‘io%”mé"c £29 2Tiayifealit 151560%1%9%6{28%%%%%%%@% HoREY

various am noagy! whBNAs seliatea 8tpitdsbr ROUN ah®tha QhutAdtdéhdlveRdormdirdiifln
[75] Immobilization on a substrate may be used to enable efficient

af fi ni t yIpETe iteagcriphon/ganslaan sigwadls apeyueRrmgne pridnppedngrporated in
sui tabl e, ghhsL E@{h%%A@%b&@th@H%a@é £pfodin l:éri%fnﬁg i amiROREPHhe specified
sephar ose,  and magnetic beads bozymes can be”i nmobilized on resins
by t aki ngosiely aftzgeco whe [(HpFhe ald steuntuts evithf o-RNoxs acids demotsgated

S erd ik gl) b Sl SRR e ilR P e PafESh sbiiel By e BhS fton

the RNA aid thaethisesiifo adl@fd fitSndoyRestedht Mmeits stath he pised. SagkigdNgen,
i nexpensi ve hydrazi de resi n??UQ erei n educt i ve am

i nt er act PoH BEGAPayITE! Ficdi fimee WCBB%IMI‘)&H 19&5%’\75?@? lt(ﬂ%a éﬂgaﬁ

l'i nkage. y3ynibest D 08 @@Cmré—gﬁwﬁ k@ B8RS GUFECRIMbShe structures into
facilitated by this on-col um am noacgl ation techni que. Kourouklis et

al . Met hﬁt@ﬁm@&m@%é’s@ﬂhl%g@@ {15822 col um- based ani noacyl ati on

system
Y [72] Methods for generating catalytic RNA may involve generating separate pools of

randomized ribozyme sequences, performing directed evolution on the pools, screening the
pools for desirable aminoacylation activity, and selecting sequences of those ribozymes

exhibiting desired aminoacylation activity.

73] Ribozymes can comprise motifs and/or regions that facilitate acylation activity,
such as a GGU motif and a U-rich region. For example, it has been reported that U-rich
regions can facilitate recognition of an amino acid substrate, and a GGU-motif can form base

pairs with the 3' termini of a tRNA. In combination, the GGU and motif and U-rich region
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[ 76] Isolation of the am noacyl ated tRNAs can be acconplished in a
variety of ways. One suitable nethod is to elute the am noacyl at ed
tRNAs froma colum with a buffer such as a sodium acetate sol ution
with 10 nM EDTA, a buffer containing 50 m\/IN-(Z-
hydroxyet iyl BAGhOSS ; Hi.ioni ¢

70, 10 rmM EDTA o sfrlrpco (b %%wﬁ’bu’?faé‘%%% A?‘“’éﬂ aﬂf"?‘?‘% fnd

The ami ndh@?b:af@dlmﬁemglowmm off tiesté tebminny efthé dINAan be added to
translation reactions in order to incorporate the amno acid with

whi ch t he{7ﬁRNAdV\d§baaynma@ry batgeakratad ay iposid $e@d’¢t161f1 ulglhglaq]?arhﬂlyaraildomwed
pol ypept i made ation . reacti.on. es of translation
syst ens |1%$m s Cﬁnltué%tecgﬂlth ; AaF‘é‘H}’ {%}%}&@55}}’ Styﬁt@mﬁ?”é@é%\‘%’e"ﬂ%éﬁtﬁ S FRAYS
be used isaglaude fondtin tAe ectivetcldriedl tAd ethtal lridoysat %ﬁtanféﬁ'ﬂy t!h)‘ssl%tﬁéd is

provi de reactl onq,nts necessary for in vitro translation
pol ypept i g r%nl’f‘?afﬁ’n}lz) Vit SHRRACSCERehis €S- Brb. s’%ﬁh%ﬁ@%/@%%%}mbﬁn@mtwts

i ncl ude kuftwiagieisNAborhoriied 8¢ rt@rehi PRSORR glds
t RNAs, GIP, ATP1S torrgr%sl at ?5n |en| tiati oélcmgélsgé g 1%%6% Mﬁmf%q S&F of

addi t i onaPpEcIBngacxLEOM seharpediveith cogaaie hat-nameal andadiatidenal | y,
transl ati o_n systens may be batch translations or conpartnentalized
transl atiléN. = 22 IBgwbiizetcms sabsmtsyey berssed dorbiabie efEaictt ammty purification

conmponen &AM art e
transl at Iogﬁﬁegi/@tng ery;H st§par at eﬁ% I%Sr ¥§+t§?1l olnnB' &5 tC gﬁat%‘ﬁﬁb%’é‘ﬂtl@nfeflé?n
r eact i on aguoghlethatdsatand amghetiei Hehds. théoﬁ:ymas shiabé onmebilized &nfyins §5d€a|1hng

transl ati t r vai mre | |1 [.(8] Further

coupl ed t?%#i#ﬁ%ﬁ?%‘% 1°anag { ?ﬁ%@&%ﬁ{‘ 9‘ tfe/‘”ﬁsdé‘g Onégﬁg])%s@o FRNA can
transcri |bt: iogiizedamitl] periodste sy gitRinke abtr@pordfde dekbhiidean $LiiRE '119ﬂ1091fl1z§%f6n
i nput tﬁt orrese;s)ondé(ng MRNA, which is in turn transl ate y
the reactf %ﬁ%o%jeme TeSIRn - YRERY BPF Of ZeURnAwY OF ISPy igudingbnaxpensive
coupl ed hyédasiae ke&lﬂs afilctdipnal@lve %ulleﬁloh hewBaRk thedhans! bdan tl%%tslﬁ %d the
(RTS, Roche Inc.). The systemincludes a m xture contal ning

| ysate f Oﬁf"b‘?/laéh HEFvers émﬁ%&%n%}inﬂ@élﬁp@ﬁ@ﬁm@asﬂdm@ r:mbdvgosrgmﬁeamdy
t | at r as $; Ln
ransl at ikQnith@€ 69" fis AADlP IRl Bﬁﬁdﬁfbn%n %A@érr?puﬁa% g ?’IOM 'ltj%o g 2{3

thetranscrlgtlono the 1 nput Into an

transl at P&ASIRISsEHa assknudmset amentaldtipasystem.of the reaction
conponent s by vva of a nenbrane interposed between reaction

conpart méft' s, é‘plﬁﬂbmgf the sopptagyamd tRNAs vpabd aeptplisted i8 a varisty of ways.
transcri ar t nent 79 oacyl tion of tRNA
may Do port %?{ﬁ%ééaﬁl‘% B HER SRR e sl iR B ot i ecyer sueh
transf er ases $oc11mhymrams ecslutlc&amihyuo o EDIRi £ Dured cbhtafiC 5h oRM N-(2-

tei | | -t RNA Synt het O R
a0] *an BB b Dpimsie iy A0Sy P e S8 dhri2 8 BRNACOPIY RE. B BRRDTA

i nventi oor shuply @ EDTA buffered water (pH 7.0).

[77 The aminoacylated tRINAs of the present invention can be added to translation
reactions in order to incorporate the amino acid with which the tRINA was aminoacylated in a
position of choice in a polypeptide made by the translation reaction. Examples of translation
systems in which the aminoacylated tRNAs of the present invention may be used include, but
are not limited to cell Iysates. Cell lysates provide reaction components necessary for in vitro
translation of a polypeptide from an input mRNA. Bxamples of such reaction components
include but are not limited to ribosomal proteins, tRNA, amino acids, tRNAs, GTP, ATP,
translation initiation and elongation factors and additional factors associated with translation.

Additionally, translation systems may be batch translations or compartmentalized translation.



selected amino acid in vitro or in vivo. An ORS of the present
invention can be provided to the translation system(e.g., in vitro
transl ati on conponents, or a cell) by a polypeptide that includes an
O RS and/ or by a pol ynucl eot i de t hat encodes an ORS or a portion
thereof. An. ORS, or a ortl t hereof, is encoded

pol ynucl &B{3hqEans g&ﬁ‘érﬁé’éte Ff‘éﬁté%ﬁlt ‘é‘fllgfponﬁ%tﬁylﬁu%ls%ﬁ AR RfEh il
t her eof , celﬁlpauﬁ@ﬁa%&afiahmaucs&%ys@émsogbpmﬁer 8Rf trartiGh LENAOTcohBbhents from
present invention may be am noacyl atéd by a nunber of different O RS
nol ecul egeactipie Piodiefy thasren iekibit the freeplatien effiwierecydi Sedholseylatier sysiems are

[ 81] Met QQQ?ab e%lﬂﬂ%‘?%g'l)t ying an orthogonal am noacyl -tRNA synt het ase
(ORS), e. use with an OtRNA e.g. an OtRNA are

also a f ur e o r r_e
i ncl udes(T L]bj ect Flﬁ%& olegaﬁ{i%%é}ag{gﬁh{)r?g%mg%o%p%}%% [ scouf)led
first spéehmsiptioienslaie getehs dioh faobpthi gensciptian rmﬁrrinempnf BNA into a

plurality of nt het ases SS where the pluralit

bt 'Ras. cnfreelThaPRIA BN W N b R0ES hrIGR hepeEichutonca Rt Pistate of
the firsta &ﬁﬁﬁdrﬁsllﬁﬁvabmbl& doubRAtraRSsipaadiriEihtideris VedRigi@MrénslaBdn System
speci es Z]éjgg Cg]g e flrst species; 2) the orthogonal tRNA (O tRNA)
froma sélbrdRapEdnes: Thesystony melylss o e CoHRMIEE- WHhichars o providing

positive tﬁﬁélﬁibhhloéblﬁ@ﬁﬂéﬁté s88¢ a¢ %perohﬁ@%n@ttrahﬁaﬁ;n 2B®rs. FRIALLAy, GRADIA
Cells are selected or screened for those that show an enhancerient in

suppr essiPBITEFPP & indudeddongiegsaiptiene] the ingatdPNg Bio apimRNA tpaplgtedyr use
amount  of, LhgARAPRTS Uan Js@%?@b%ﬁéﬂtél%at@gn e 1S8hibs cgﬁébﬁ%@ way of a
enhancenment 1 n suppression efficiency conprise an acti hat
ami noacy nzresanetete@osdaNykwgen resasion ofmearinreatee rchdingm SOJpnlyWaSte@ompanment
vivo) by nd Qﬁal?s%ﬁgtéo%{@%s%{io c&ﬂqﬁeﬁfr?e%?t of tRNA's fromthe first

species i's co amnoacylatlon(ln vitro or in
Vi vo) by e acti S om t e

speci es. e Iev‘Le\}ln néfg%l(r%{l%%ggy frﬁlld%%e%ceaﬁgrg N@bgr r%rl erllegmgs léa &mg %ut not
det ect abliniwdbstieansieras¢se pglymesasks belaydc anm’cmdzeapnmlmﬁmtjﬂimm pifoédinsa hd) the
acid). ﬁ%ﬁ‘ﬁacu ve RS that nore efficiently arinoacylates the second
set of t s conpared to the first set of tRNA's is sel ected,

t hereby providing the orthogonal am noacyl-tRNA synt hetase for use
with the Ot RNA.  AO:th6dRS] AsihacyvidRNG Rethetdentd-REed by the nethod is
al so a fesgjure ohnthRSpreRentiallynusinbicyhtes b8Z]-tRMY odthedpradenttieventbn with a
assays can be used to determ ne_am noaﬂ%ﬁl ation. These _ assays can be

per f or medelpsied aping agid I IR oo ViKY ek Srfpt ef the ﬁrwlttri%veamlh%m PApYigetl to
assays Lo ARRELh Qﬁ@en'} % 119V1trohﬁﬁﬁ5‘tnson%omp%ﬁﬁlt§%1 & ce@% bl 2WBBheptide that

Met hods Enzynol . Pat ent 8 i cation

Publ i cat i%shdggan %@%P@@QBB@B polspr¢lenside ias ercoeecan % or peortigetherasinéa
by using epo I 0

A
conpri si mglyatcl¢awials tseqreacs Sleezot,oor &cxdmva‘ih/atvaneh@odessoa prigat OHRNASeébthe
al so, U %‘resgl% 11went191{) r%la g%x'n%?oa%;g tlggygnux’nber of dlilf fent Cl)-ﬂs\{*!as{g:ules, including

but not limited to, those disclosed herein.

(81] Methods for identifying an orthogonal aminoacyl-tRNA synthetase (O-RS), e.g.,
an O-RS, for use with an O-tRNA, e.g., an O-tRNA, are also a feature of the present
mvention. For example a method includes subjecting to positive selection a population of
cells of a first species, where the cells each comprise: 1) a member of a plurality of
aminoacyl-tRINA synthetases (RSs), where the plurality of RSs comprise mutant RSs, RSs

derived from a species other than the first species or both mutant RSs and RSs derived from a



| NCORPORATI ON OF UNNATURAL AM NO ACIDS; " and, USSN 10/ 825, 867
entitled "EXPANDI NG THE EUKARYOTI C GENETI C CODE. " [83] An identified
O RS can be further manipulated to alter the substrate specificity of
the synthetase so that only a desired unnatural am no acid, but not
any of the commpn 20  am no acids, are charged to the O tRNA. Mt hods
to gener é?@l%@f%%d%%@st DR e 01“{*@&9&1&%%%% §048E) fama seeond species,

subst r at en8peai folyhéitotfderth@atnbeRa laWodlive B8R oA GhAkdr el WA pHttsak 1ddg one
the synthetase, e.g., at the active site in the synthetase, at the

edi ting relepanicedansi Celly dre palected ot heeened, foatthase fthal i oh teakanggment in
conbi nin ' : ' , Qr iKe
applying%gﬁ%g%gﬁﬁg%ﬁgggggg@?gaK?é?%ggég %?gwggéﬁaﬁﬁgf'ls as%%n%ﬁm?ﬁg
conbi nat itk plfalidy pO&Ss.i \ells devipg tanomhirpkimenteld sbyprassieyafficieecy comprise an
sel ection.,.| e. positi sel ectj.on, ,suppression of.the .selectaor
codon | nerit s d PRRbA SR SERIPE. AR SRR S8 Mokt vifS e iy
al | ows cehd scthve RS ur ai fet s dETRPOSE thiove tirefiRe ijeodits i esspsied td Fhet Becl of
presence of both natural and unnatural .am no acids, survijvors thus
encode aé‘f‘il%‘cll%%é’tl I %Wa‘fla%y t%ﬂ%?f%g%ﬁ%ﬁecga%ﬁﬁte SGRA 2 AropRR
with eitRgfond spadistl alheOlevNiTadntinedeyBNbN0a6é detelnfindd1 8y REBAVR substance
sel ection, suppression of a selector codon introduced at a

non- essedt-Bal? Rrled fBie Spidopr BaBEE 3vEC deifkerhe apEkABS thefmercaidantly
W th nat ypahoai0 4aCidofPeg! df RNASTomphed 1Y WS itk LNEr ﬂ?@ﬁs' iy Seldty

positive selection encode synthetases that am noacyl ate (charge) t'%
or t hogondherguppredegrthe Roganzlramipearat-iRMed sanhgiwedor uss with the FRISA. An
synt het ases .can r ' : Si e.0..  DNA
ShUt 11 g 55 SEne CRSiiaH ke Bl S huadtE HiE IUhEOPRED G ifeion "0y
mut ant O,R3s can d I ri.0 t nesi S - hni qu
known in [gﬁe art AB go&%ﬁ%ﬁ% e?fu%h%g rrcl\éﬁz;)r?t dj%%gy ((:i ggﬁﬁﬁggaéﬁgéagﬁg{éo%y%ese
Si t e- speakdaye camit @Eirfoansd ir airdamipoeivet nlitatdemps, ithoitmol mgoasylation assays

reconbi nation, . shuftlin ro r iV agenesj.s. hods,,
I R e et R AR TGt b et R e B
library afismpaent ARPicaian PebiRasiiord F008MRLIFO30r AISadidlien , cal. fso be
smaller, less diverse "sub-libraries." Chinmeric libraries of RSs are

al so i nclAGHERITE by Neng dgRtis Flongr Vit ASkasant drangeiden eemaroTPRB AR feiscie
tRNA synthelases if hQEl kaskaiy @‘jﬁﬁm@mé Borprising Rt QERPE LA SHE oSt nat

as eubacteria or archaebacteria) Such as libraries that conprise
nat ural edPades i Pyi¢see See apo, WS Spalpalt aprlicion 401389884 entileShdNt VEYO

o 5. 783 HITRRR Q2RO OR APIABRREIRG : o8 g3y ooy g0 Bhnes
Thonpson “BXPANDINEIHPRIENARNOTIS, GBS BT2COBEShort et al), are

optionally constructed and screened for orthogonal pairs. [85] Once
t he syntligtlases @medsuifieé C-RE oant hefipibsi hanipuland tndathiewabstrate specificity of

2EheCt) SUTELTENLAG, FAELER A IR AR5 18Rl DS commn 20
amino acids, are charged to the O-tRNA. Methods to generate an orthogonal aminoacyl
tRNA synthetases with a substrate specificity for an unnatural amino acid include mutating
the synthetase, e.g., at the active site in the synthetase, at the editing mechanism site in the
synthetase, at different sites by combining different domains of synthetases, or the like, and
applying a selection process. A strategy is used that is based on the combination of a positive
selection followed by a negative selection. In the positive selection, suppression of the
selector codon introduced at a non-essential position(s) of a positive marker allows cells to
survive under positive selection pressure. In the presence of both natural and unmnatural

amino acids, survivors thus encode active synthetases charging the orthogonal suppressor
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nucl eic acid that encodes the O-RS can be isolated; a set of

pol ynucl eoti des that encode nutated O-RSs (e.g., by random

mut agenesi s, site-specific nutagenesis, reconbination or any

conbi nati on thereof) can be generated fromthe nucleic acid; and,

t hese i ndi 'du h F’Fﬁ or, a_conbi Eatl on of these steps can be

r epeat ed i RS hE A deid Hahe HSEEEseRetom pyppression of

am noacy! @Eﬁ&t&ﬂ’l@oc@nt itMoued At tahehnUReadkiur ﬁbsﬂ%ﬂ(ﬂ%@é’ idgativa 1951%6131?69%9%3
of the present invention, the steps are performed nul %Ip le tines,

e.g., at VEHSEss itk naRsal By apidaiperifpisies.| Swolivorpl the negative and positive
| ect
sel ect i ONfeRGHi&ERIDE swue&g@snﬁat aﬁﬁﬁbﬁg&%% (gﬁ}g@ %gfpégf“ %&h% .Jgg}e@%]%m with

the present invention, for produci ereof .
The sel egmpml @mlrsbarce@rﬂnhg ‘Ehas¢ Fisg@mtqse&:am then Iwambgdtedmo Gréreomubmgtitesis,

steps of i%%ﬁ%é?ﬁﬂh m%tﬂglﬂgc%ls Sa%%ea-rhl g}? puld include, e.g.,

varying t anount o ect i onJ scree that is used, etc.
Addi tion ound f d ne ive sel ecti.ons can also be
per f or ne ]rSeI esl:thl(c}'nh}B Iis)!tcaz\rﬁguet"?lrlﬂngcilé’:%lsn C%}gb ?ea BSI% & AGP M gEagenesis

positive tccrhlmgakmm setheetii For exampse; teenuag R&ﬁ&anl BRCerelated b@ sﬂeﬂspe%aﬁc
change in ngéno aci,d per.neabi han ein transl ation

| .i
ef fi ci encdya%enen SRgam; Roipl ﬁlﬁlgin %lch’?g}o P04 [Freopbinaien, PHd éh&}fﬂy‘*g Qthether

one or m&@lﬁhﬁm@@@@@%&&ﬂlod&pﬁﬁm@nmbﬁs&ﬂu@ﬁbﬂ Br (&Hﬁ RbRS) I8REH Nro
an organismin which an ortho onal t RNA-t RNA synthetase pair Is used1

to produc® Pt &INAY SAVERHET ¥ Pegrehcablantiivens moanobe. asedmphert Jies
present ivRt “QB-1f8dries @ Thim&iRBoraflas %Bﬂé‘s A& iﬁc?l\é%/dq '%E?e 91?’\!’6{11210 The,
positive sel ection marker can be any of a variety

i ncl udi nghoBdt bhototed hatedibrages fp HEddc synthetesepr ﬁrmnd e&”lalsnutganisme n@t g,
suppl ene | Lfor

that | ackaorpindpBtich AHohABLEE SEhi B 07 RIPREP e PRapRager
t hat encoldeerpiysistd, ee.,s81Se EreninNomd, k3,884 tecShodtest AU SaIP@teﬂ‘ONo b Um S Edio

auot  ophy A FRAER T 208, PSSR B! WRALRET et al L hGal o chipars

an im dazmmogbscmesml pROBpEAND. d@iﬂy@m&@smn e}, @ed §flioBN1PENHrEl: @ 0and
3-am notrl azol.e (3- %T l%’mpura?» gene, |eu2 gene, IysZ gene, |lacZ gene,

adh gene, &eREd f@e@ﬂl 4 M Kishore, & D. M Shah, (1988), Anino

aci d bi O§¥$‘]t hesi gﬁi g@l bi tors as herbicides, Annual Revi ew of

Bi ocheni gty 57: £59¢ BESYNihR ¥ SresHbiat relhe POSIP‘&%@%W?@@@@ jedpqtipryscreening

ﬁeéecf ed Sﬂﬁt@@f,ttﬁ@semﬁlﬂl%lﬁ%rﬁéh ﬂéélpbgéﬁlﬁ&&&pﬂ ﬁﬁ‘@éf ?@ﬁ:%? 20 For GXE}.B?@ e a
rolysis erebriiskii,

U}s/es o?‘/ Ingelzict %9“%12@6?%}@% hreuAdtS e be dspdatedta ﬁﬂﬁ fopolymlcieotldes that encode

bet a- gal agliQsh fsh b

Anal yti cal L Bi gﬁgﬁnﬁi y§f§@%ﬁg@?§e§ flg%%gﬁélp{ﬁgm tlavée{l%gé%l '§¢ %/ bmmon or

mar ker s iapg b@lﬂbmafeongtheiebﬂ citf be ggeratgt fem thé immeaménindprmtaemmv@d%@teps

YFP, EGFR p f an antibi tlc re5|s

chl or anphén%Rgég?blg%gotn %tfglg%:s SeE ?i‘ﬁ*}eja od ) Hn al%%lt pgfgglls %’E@g}eﬁt%f“

prot ei n (peaferentidBilad)inoacelates t}@cmmmal Wwish tha upadtraligh@ettde I bad . petedas

a positive sel, ect{on mar ker co de 1a
present mvention, the steps are per: onne multiple times, ¢.g., at least two times.

[86] Additional levels of selection/screening stringency can also be used in the
methods of the present invention, for producing O-tRNA, O-RS, or pairs thereof. The
selection or screening stringency can be varied on one or both steps of the method to produce
an O-RS.  This could include, e.g., varying the amount of selection/screening agent that is
used, ete. Additional rounds of positive and/or negative selections can also be performed.
Selecling or screening can also comprise one or more positive or negative selection or

screening that includes, e.g., a change in amino acid permeability, a change in translation
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sel ector codon. [88] A polynucleotide that encodes the positive

sel ection marker can be operably |inked to a response elenent. An

addi tional polynucleotide that encodes a transcriptional nodul ator
protein that nodul ates transcription fromthe response el enent, and

conpri ses.@t.; can _also be present., The,
i ncor por a?fiﬁolr?n%?gt%_ haé%gﬁlﬁ gt%{lf?éaifoq{glr# G%gwé]\%tf)da'[nwlﬁf@" ttﬁeec’l{)eroafﬁg?ﬁ ChAmEE Apased
modul at orugsnot wintatiby it hee G tiRlNAz@uei inaaaydaied inivhithtdeortidaatal AN A RN A
am no aci s in transcription of the polynucleotide (e.g.,
reporter eﬁlhgé%%eﬁaé%laiuﬁ%{tf’Wéo‘{uﬁggli(’%%e sel ection nmarker. Optionally,

t he sel ec cod s loc in or substantially near a portion_of

t he pol yn 21 eot i gjse}h?rhtgl’eseﬁtéglg‘étéonéc 'ﬁﬁeft!lb‘? iy raewal BYetiop i, .g., O-RS, O-
transcri pRiNmadnd CORNAAORS paiot BiepositB8]seei WINEE @4 bdenl rb?f‘a ariety of
encodes t he negat i vg, sel ectign marker can al so be operably i'nked t o
a respongBEft Iogingnhuimiol Hogted i @rirpstichiat Rrofsds ameditioyaltshpplement for

transcri phbemadnd MO dElai® isPePlofhdl o8 Snedud- : L9 suSt
al ., (208%), Theq‘ﬁleaste spll}sﬁ{ hybr | dosygliléem tgaé%ﬁ%#ﬁg‘g% ngigfr]r%?ls}ipplemem'
328: 128- 1572mplgs o pEmpusleogiflesathat cificpdoppsitive pelsitionvmariensentiods divecird ant

for disr o of el n=pr [N A j - Jdentificatio f B
ot at | one o PEOR FepBiBl BhEhihch 0h BbAFk IR e hE MR T RieRfiorliy T ol
Nat | . AceadbisBeine ()g., Shegk, th?@iSi%&%@tﬂ:B%hn itdidazde G cero bh@dphate (B} ase,
Cenetic teri i of. a m i rqtein-protein_interaction
donai n_ by - LefE o9 p:6bR" BuBelPITT D) PO FuPafh? bt biskesere, isedagrae
Sci. U 8dhAgenQ3td (321e.glQR2E, Kashdre, M DViMdabhatei(1988),, AfkR98%d LREYALSS
t wo- h.ybr'izgliﬁf]dr %nﬁf %)t/ﬁti&sd S Stlﬁ{n% to detect _Sdl SSQ%I ation of N
prot ei n- pFEPEH 22 RGOS pAGEE Ve P E PRSP E2 71063 In mmeawmbogdinent,
U S A 1a3prb08L5n :082Q)ed Hﬁ@rmo%%mﬁf\g%-%D%@chﬁg@gmoﬁﬁbﬁ‘ﬁy&%fy%s.

into the transcriptional nodulator pro
ami noacyS§eede-wh th Serehatitkiiak BninGokuiin (20090 Usesiaf lad?r mnsedyi gk Gimeibn:

t he negat.L.vg..sel i.,0 i | he negative.sel ection
mar ker tgg%g?tiﬁ)geog%tgfas%l%g{%ggec%s% .e%?’?bé/ G% gjsghteiy\? %ﬁ g‘@?"@é’?’? PStrE Kigpatvtical
and/ or négertemstiyeI8edt 1 o duitiduel pasfiive tsblectionvemiére indady, 6 QMMdiSRs@tereen
| east t r.co , i r both can conprise at | east
two dif @%@%%&Esﬁe '8 Ho&?@)édgﬁg’ %&Fgﬁi}egﬁpr‘?%t BF 21t ibidiraesisans gensy (e 2.,
codons. [BOjanfihenitslansgltiaptinpalCADIW BiRErRhBIBdIS R RS ‘éélég echhay
bi nds (dléegﬁf’k% af m%}rﬂectlj)é% to a nucleic acid sequence (e.9., a
response "8l Py o PROBYHERHES hatapresfspt inositivefseiechemmentkes ¢dmatises a
oper abl ysdledkadds0 the response el enent. A transcriptional nodul ator
protein can be a transcriptional activator protein (e.g., GAL4,

nucl ear [B31nDNe 12 eEIRhAYSotide AR, en%@thé—?ﬁiﬁ@g séi@t!ﬁo%xym% Enobe §1'§@%1y

VP 16, Sﬁ‘l, etc.), a transcriptional repressor protein (e.gd.,

nucl ear HBfSoRe? Feseee i ementy du@dditiond tokmublgotiden traticheded artidnytriptional

etc), or mduRho®bRidhn A Rk RaNe. 28ty A6k KL tigsndensndingon the

envi ronnent (o Egj R e ﬁhom 0%01% 1 ﬁg}n the res%onse cment, gld comprises at
least one selector codon, can also be present. The incorporation of the unnatural amino acid
into the transcriptional modulator protein by the O-tRNA aminoacylated with the unnatural
amino acid results in transcription of the polynucleotide (e.g., reporter gene) encoding the
positive selection marker. Optionally, the selector codon is located in or substantially near a
portion of the polynucleotide that encodes a DNA binding domain of the transcriptional

modulator protein.

189] A polynucleotide that encodes the negative selection marker can also be operably
linked to a response element from which transcription is mediated by the transcriptional

modulator protein. See, e.g., A. J. DeMaggio, et al, (2000), The yeast split-hybrid system,
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proteins, etc.). A response elenent is typically a nucleic acid
sequence that is recognized by the transcriptional nodul ator protein
or an additional agent that acts in concert with the transcriptional
nodul at or protein. [91] Another exanple of a transcriptional

nodul at or protel nis the transcriptional activator protein, GAL4.

See, e.g.Method Eagghdin32%128137; H. JI‘éBEﬂ}lh Hbn{i9PPk 4y Pesilivsr eanabic prlestion ey
encoded e RE@'
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Mol ecul ar I 0 4. 260-267: L, Kee et al., (198 .
Sopar at Lonar hilx G0obh Sstie, raaRlon ot  SERBRM bl R agipn
of a er dcx&mﬂn)cusmgegydaathwgtsdﬁmt@bnd sptdmmITeec. 2641 98 E@AU ana, 93M0321-

Pt ashne, kar ot ] anscr cti v ors wor k,
Nat ur e 33@2@32“88@) e R r(hfic%éel ﬁ"&‘ﬁeé}‘ﬁg ﬁléfgré@ SRt Iy HsSystemE 1 deive
acid pr otcﬁssemﬁmﬂ@@la% ;bbtraﬂi £ zﬂleateﬁ@a@acm@t(chnﬂﬁﬂ DAV asseUgng ea.

speci fical IIy See & Carey, et al., (1989), An am no-term nal
fragment 6f Oé.l\MO%%% he 2m°®maagn Ofdp migaly amey] acg) @nto thggiraperiptppal
and, E. Goh@86s pRleifl by tlO8RNA IR&abiGiePNNm 9 AdhD Sult
p05| tive regul altgr elgrgt eln of{Nyeast a(.jé © 40: 767- 7%1 ’ a%{]e@%g% fes lts in
| i nked, tpsaiptipntadripe megajiverssiesiion s@qleﬂen@etlmtaﬂy,atf@- negativnatlectibd marker

\";\‘L"ego bgﬁ'ngnﬁ%ém}teieg r E'c%ﬁ' f‘héé%@ M%Qg&wﬁ% {ﬁ%/t’?}ﬁ ;?efg@%‘ée?ecgelf mg ker of
anal ysi s thé n@.emmndaamcnmgmm leasammlq}:tm @nﬁins,awhmlwaaalm l:mﬁgmntomlmse at

Cell 48:847-85 Pt h 1987 Th
car boxy” b Picra@ntherchior Mrop bt 1Y ”Oﬁéhe(%aa@aélﬁ?%%dﬁg}s GAL8O,

Cel | 142. | aci. don owar ds

Cormi val o of 2t Raretm el St e R S rateS ted ol directly or
N-t er m nahdilBDyob Gilciandd sédusnée (e8f, 1 iR&JonAsle@bIE AnEHIBRIIEES h@xﬁbcﬁ%tlon
the OtRNAY O RS pair can be linked to transcriptional activation by
GAL4. GALY aa%?fl}"?}"&? dlopt r’%BP.)“%l?t?le 1]&.15%1:9 g fespansssdemss %éF%‘FI?ﬁﬁOB@ﬂHOd‘ﬂatm

positive }ﬁ&g1nn@aﬂa3é ¥ @ranehie6dda '&@tl\yﬁtérrprét}éﬁl QenecAl 92huclbe HRdhshds,

for negatl ve sel ection can conpri se sel ectl n% or screening agent
ts

that is cutl&REY L/ al etionepbas, sﬂﬁ«ﬁépan‘é%lﬁbﬁ tréc. hedeanbariptiond! eenréssrr
k t
marker. éﬁ%sftﬁ:ﬁgg%%‘fpoﬁﬁénﬁ & 1e@éia§c5}é' hd)ge g%ggia&%éag%?%&h?”&% IoF a

atoxic nucl eof i enc i've
sel ecti orprmiainkthut aaaﬂuah&eboth aguymayndapmacﬁngemﬁw dﬁuiromnarmib e, LERé&ciRABobox
reporter ed unde

nt al ns
oA bi ndifigeer s 2 Gttt Rl ey B IROR FookaRts 63 Bdduetd o
e.g., by the arraﬁslcapnmi @rfod&lamlptﬁmﬁi eoth daditient edentghhthectGM 4ovdetthwith the
sel ect or codons, ctivates transcription of URA3. The negative

sel ect i orffFETRER {‘qdcflgﬁg)dpmﬁelg medi um t hat conprises 5-fl ubroorotic

acid (5- ggﬁ) ’ & el chonlver ted it c; 13@3%0%%&&?0@ erotseliij ?sf ?hnecganscn 1onal

atoxic St anc CE FX3pIP Ok # drapseripy p b
activator protein, GAL4. See, e.g., A. Laughon, et al., (1984), Identification of two proteins
encoded by the Saccharomyces cerevisiae GAL4 gene, Molecular & Cellular Biology 4:268-
275; A. Laughon, & R. F. Gesteland, (1984), Primary structure of the Saccharomyces
cerevisiae GAL4 gene, Molecular & Cellular Biology 4:260-267; L. Keegan, et al., (1986),
Separation of DNA binding from the franscription-activating function of a eukaryotic
regulatory protein, Science 231:699-704; and, M. Ptashne, (1988), How ecukaryotic
transcriptional activators work, Nature 335:683-689. The N-terminal 147 amino acids of this
881 amino acid protein form a DNA binding domain (DBD) that binds DNA sequence

specifically. See, e.g., M. Carey, et al., (1989), An amino-terminal fragment of GAL4 binds
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t he gene product of the ura3 gene. See, e.g., J. D. Boeke, et al.,
(1984), A positive selection for nmutants | acking

orotidi ne-5' - phosphat e decarboxyl ase activity in yeast:

5-fl uorooroti c acid resistance, Ml ecular & General Genetics

197: 345- 346 M Vidal, et_al., (1996), GCenetic characterization of
2 manmal LA [ Gt G pr bl Ridk A08HRR I8 hando e HRIBSF, Biting 98 Spespseific DNA

reverse ty 2 bo.7k)y.794,
93: 10321- 103‘%&@&]& Deioslive {gqlg‘?or%’y?ﬁttém 0%9%6)(:%Reverse tT\?\IS AR ke,
and one- fpybmi 1dtes~5esmemsottiu sdeucacy, t@l as%tmnmal bip a)ﬁmpramti@phvatlpndbmam (@)
DNA- pr ot t.ions do_Sci
55, 15556 55 a& %]“%%CW’PEV@}% bB‘é%r o 082S spacs-on Mg Ptashae, (1987),
negative maeéteﬁtanﬂ@szsraf Kad4akiined 90 tt‘mscr@bflynaifacﬁva‘mﬁg Bedmenaf CeUeByur-8s3:
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my be a B Y ot Rd P (oREb ol SRR Ayt Rt oo ShEALA are
reacti on riddghin&l bpr@ﬁﬁ%e(}élf 5@1§11U13@b$? plRast ahber d%eénse%%msee g., the N-
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ar
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product of cap.,apk Qﬁf’t élﬁbéreﬂpﬂé%n 8N end %ﬂiNARb“k@r gEﬁPh&E&' 60! tinked to

acetyltransferase (CA )) product ‘of a 28 lacZ
transcri manmmanomdgrr\@ﬂgn bpj r@ﬁ%‘i rGAéfr @ctivRted 1opaster |89@683C@h detuserh toavparfeem

1 uor esc Rt S80T oA adR B o b ARG 0, by | i nescence. The
posi t I Ve lecti e%&%ase dﬂ@(ﬁ%oqr r&fggtg%tée}IEtlér? L%hédl sgaelrsléﬁctn{xgﬁre tr?eélieng

conpri se a af fini scree
can encoceerhahdt it henvepieé it® |avck3te$mibkmubernncrmb3kém mgahxteh@laa’eqatnavl&r In one

sel ecti on For ,.ex itive sel ection

egati ve "SERbek e iR R Sesies eR3Bet 1ot S Benbitiids fon
st eps an@ncdiad ai mghtirdesdlsting nark@PRBIRL e gWher eiaf gehe Foe psxkingle, itlge URA3
detected by fluorescence-activated cell sorting CSig For exanp

a posi ti VEPOStsr ean boplaeedunder eenkel pf ¢ sromgtemthal C;S’&E,aill“ﬁ Ql\é%ﬂapgi,mg s1tes

mar ker, &ygen theBARRY RINREbH Ql@irke%cr@tp\f&ch{c@d‘sé £rgy %aﬁ%@n 826 01yMIEkStide
the CAT gene conprises a selector codon, 'e.g., an anber stop ‘codon,

in the CATCqjéie honhirdd woh| witstr bspdansﬂé@“aw vélivaigs| ewspomniosc e 8RAY Hie
IS baSEd 119%&1%\’9@81!3&%%'1& béc)é ‘ﬁslf?eﬂQ)?lrae&@dlﬂm%ﬂt%éltnpﬁseg%gﬁmogqgf rﬂfﬁﬁ%@d (5~f‘é@;},

or positions in a negative nar
pol y rrer asgigeneonvEiied pmcs R ﬁﬁweabls sttstincofe. gyer ket sabdertch evhimbdalls the cell) by

sel ecti on_marker nd on,the s tor,.e | asm d. .
Epr essi Qi B P RCeaRe S PRy by B bt b 195, RoRllG splsgtion
e.g., gr e“annmfahworaeleﬁg rbtrottlfu@et—ﬁﬂihoﬁﬂﬁ@) decﬂﬁha@xyﬂhsl’el RGene Yin Gleadtn &-fluoroorotic
selectlon.nd scree n _be v i nten of th [
need to PPHolP¥sER ¢ ?ﬁ%“lﬁleéb?“{%?mk&% %‘535 L‘f’ HA3AR) ]ys %id ecﬂ%&&r
can be dpneiddHathctriz@RRr dfel masmaliRosibleinSof®] REdic®bn H&H}K@be nMngciryda&
screened by FACS, followed by a negative selection screen, that is

based on TtHEeitHatPid yysiens Fipr d%d- Acade Peichs: SodbhQ¥);10386:pnd, Madids,
nore, at .pesidiRSrWdi t@«o%ﬂﬁg%ﬂl %ﬁeﬂ%ﬂ‘c%ysteﬁ}SQO 1de@@tr@§s%cﬂﬁ&‘? of %1% in-

Optional |y, the reporter i's"displayed on a’cell surface, e.
phage di $piteiy apg DNA-protein interactions., Proc. Natl. Acad. Sci. U. 8. A. 93: 10315 10320.

[93] As with the positive selection marker, the negative selection marker can also be
any of a variety of molecules. The positive selection marker and/or the negative selection
marker may be a polypeptide that fluoresces or catalyzes a luminescent reaction in the
presence of a suitable reactant. For example, negative selection markers include, but are not
limited to, e.g., luciferase, green fluorescent protein (GFP), YFP, EGFP, RFP, the product of

an antibiotic resistant gene (e.g., chloramphenicol acetyliransferase (CAT)), the product of a
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the like. Cell-surface display, e.g., the OnpA-based cell-surface

di splay system relies on the expression of a particul ar epitope,
e.g., a poliovirus C3 peptide fused to an outer nenbrane porin OmA,
on the surface of the Escherichia coli cell. The epitope is displayed
on the ce surface only when a selector codon in the protein

message | C% PP é‘é‘é%“d%&lﬂ%l g dutabersprgicinp stc. Tha@ogitizg ﬁ%lffél@npwic@ropeadfqnéhe

cont ai ns {dpati MR LiaE erﬂfe?%ﬁgmez&%cﬁﬁ b?fr}fﬁlo?éscé ﬁ@—a cell sorti r‘EFACS) or

am noacyl -t RNA synthetases in the library, & he ce contar

t he corr e¥pduainatpeney NEhgepesiiegeastion migker smiﬂat oeaive Webnmmbodxﬂ% may

rai sed a C a no a

The Onpabadege o EA Al a ARG rhl St PR BB iR EhoBa 65 he

opti m zecms;tl‘/@e@tegtlmu negirkeal anth&eamsgﬁtreeseiednonemtndxepl‘iageeﬂn@m aye pSéve

FranC|sco

Product i of 16%%0 ! ?tF%ct)l%eerég)%tﬁvees SlggR?qnvsaﬁpecﬂ%@gﬁ foe pg%‘i“fﬁi Wge%gg’l’{?éﬂﬁ?qoéﬁfeﬁs and

col i exprcasancn@daaus‘mgmup@ﬁaﬂ m&ﬂ@iembﬂféyreﬁdrﬁag REMdte Bl E)hﬁu&kséc%ﬁdéadctzvated cell

surface. Proc % b Sci A 90:10444-8 ('1993). 29 [95]
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detail s fQrecRiPUNEINNGhaPiNPise®BH 17 LEHHR0: Q@B&FI g lgé’rgr ﬁ%ﬁ%@g Clty,

the synthetase can be found in U'S. patent catron
entitl ed meyst Hoebsitipng Wl@?@h‘p@sgﬁtwonsarkﬂr eghel PRbduptlimaragd gédet mhgpaﬁhve

tRNA—Am P, nd, USSN 10/ 8 867 entitled
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Azat yr os ImIEnsh@frce' 1 f e nest ﬂo)ﬂubfh@cﬁanN RS EptRter JMéW&aahleA PR O £8bn can

Chem str 51):40324- 40328; a.et al. (2002), An engl neer ed

Escheric R E‘trﬁP‘BE‘fﬁi [s ?’Rﬂﬁéﬁ erHPmEaes Vhch i6 seisenadftiy FACS, followed
i ncor por ajlyi Ofecdfiy ARIAABALUER 1AM NsAELA HeNhQitid rtQ%ﬁlféss a”sgﬁbk{é?‘%%ﬁa ),

translation and its application in a wheat ger

PNAS 99 (15)Wo97 IBrg 2Dositing withinaritsightjve rearkerl ¢.g., pADAR)gene.

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

t heat er d%4lt r ans Catipeaily, FIQNAGPC&tﬂl@GBSPi@EQ oneach swffaonhé. ghome @hage display or

i ncor por Qltmﬁlgfeb}éeﬂ Q_‘,Ixﬁﬁc%r?ﬁ@l Bie o quK%E s Ry ﬁce%GA%y%%/tg% ? ks 01!11 fhe

transl ati conponent s 0 pres I nventl
derived feKowssionopt- @uekramglm’tap@om gzgnlmlovi%m CE)p&lmﬂe&‘userhe aﬁroh’fw@wﬁﬁhane

OtRNA c eri i C..organism
ar chaeba%t0 lél??)ﬁn A soﬁlcﬁ 5usr £ ﬁﬁﬁ&%@e&? 4 Cé?hr?ﬁg ‘? eplto%?ﬁéﬁ?%ﬁ%?’él‘h%ﬁ?ﬂ
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The displayed peptide then contains the amino acid recognized by one of the mutant

75
e dong

aminoacyl-tRNA synthetases in the library, and the cell containing the corresponding
synthetase gene can be isolated with antibodies raised against peptides containing specific
unnatural amino acids. The OmpA-based cell-surface display system was developed and
optimized by Georgiou et al. as an alternative to phage display. See, Francisco, J. A.,
Campbell, R., Iverson, B. L. & Georgoiu, G. Production and fluorescence-activated cell
sorting of Escherichia coli expressing a functional antibody fragment on the external surface.
Proc. Natl. Acad. Sci. U S A 90:10444-8 (1993),
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Hal obact @tdyerm wpei elgmglNRGhbatemﬁ haedgth@m&Nm dgiZdas3 7Ry aho6f Which are

fiiriosu r OShII, Aeur opyum pernix, or the like, or
$n cofB{)‘ia?%d%étégm QL kO

can bel on erta phylogenetlc domai n (including but not
limted to, Escherichia coli, Thennus thernophilus, Bacillus
stearoth tﬁﬁgﬂikﬂﬁ)Hogq eRRA Squorescens Pseudononas aer ugi nosa,
Pseudonnnas putl i ke. A eukaryotic cell can be

froma v:ﬁ?'ﬂet y oTh%@mwb@QnallmmPunhmgofttm pregdnt invehti@dart myplaﬂlpldaﬂtred from
(e. g.. ?181 1} om: %Pl;anﬁﬁl%h F{%% e ng(:(%h Sdlgj&go%t - P@Hb? gglved from a non-

protist, a dyeast (1 Reldarng
Sacchar owl@e:@tmeb@ansmae): g., aan amichmdbadiérngt, udiag 'ﬁumffé'z‘ﬂinokéd&i S@nhRchif
f

an art hropod, .etc. r the |ike. npositions o
TaTe i P e R P AR DR B SaRrS o S o ia &5 R RO ogp! and
al so a f gatdbaerefnm thecigy aReN!, Mﬁ&%é‘ébg oDhs fz§§ﬂuﬁ|]%90cdé§§l\l L}lg{svgz%%z% I\ii\
c

entitled §< ndi ng t he Eukar oti netic for screenin
and/ or O q.?ﬁl ;g@zévér;z e‘ée’Flé'r oy dke {ike. ot wébacgag@m gych as Eschenchza coli,

Thermus thermophilus, Bacillus stearothermphilus, or the like, while the or thogonal O-RS
can be derived from a uon-eukaryotic organism, e.g., Methanobacterium
thermoautotrophicum, Halobacterium such as Haloferax voleanii and Halobacterium species
NRC-1, Archaeoglobus fulgidus, Pyrococcus furiosus, Pyrococcus horikoshii, Aeuropyrum
pernix, or the like, or a eubacterium, such as Escherichia coli, Thermus thermophilus,
Bacillus stearothermphilus, or the like. In one embodiment, sukaryotic sources can also be
used, including but not limited to, plants, algae, protists, fungi, yeasts, animals (e.g.,

mammals, insects, arthropods, etc.), or the like.
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[ 100] To express a polypeptide of interest with a selected amno acid
in a host cell, one my subcl one pol ynucl eoti des encoding a

pol ypeptide of interest into an expression vector that contains a
pronoter to direct transcription, a transcription/translation

term nato and ucleic acid e COdI a protein, a_ribosone
bi ndi ng s 9,8'1;\ for il}ealﬁgﬁv uf‘]gﬁ%’*pcinﬁpttgloétaﬂl TebPaT Fa bedpryed from the

pr onot er Ssadfecorg@lidm Kﬂ@iﬂ&rdnlﬂ otdagisak! 1RBH: %ﬁ&flmgﬁdthe@—gRNAy@ R%aﬁgﬂrlg Hom
et al. apd Ausubel l [ 101] Bacterial expression systens

expr essi nge§4P6 P’Sﬁﬁ‘é‘ﬁ‘?l d t?ﬁlatil‘fﬂbrt%@ tRNS anddhe @R of the, ﬂhNMmRﬁgaabwlre
not |im tggnt SiffeFent CREAn; cigl.u e

Pseudonobnas aereuglggllt no%z;lsnggeu%%l ﬁ}(() sle pﬁltél a, angﬁga%%gﬁ‘%&%al v

et al ., CBfebaPerepospIBG-1988) the WD awh betderived bt wre B02hAB,EADMm

(1983)) . KitsAQb,mHUsh expression systens are 31 commercially
avai | abl e. Eukar y%tl C expr ession systens for mammalian cells, yeast,

and inse cel t .and.are also comercially
avai | abl e@b][ 102] STA% ’ng/ or X‘%g &N‘A?ﬁé?%?%r @RS, Sﬁk?atﬁ% PB?FT%FHB‘; B Ve 8
polmygpept :ctde’ﬂm anl;]ﬁtrelsﬁbm arell, e.hea ubn-bwl&%dujaI@gﬂi{@@;@@@%&l@é’dl) Nor@MBhkaryotic
nunmber o ta SSi. ncl udi ng, for a yeast,

i nsect cef® fls © HEMER ng)ﬁypggtpf Wﬁ% ‘%8‘3‘34 dping acig (Béséfll“&“iﬁﬁ%?éﬁmo acid). A
exenpl ar ynonef)ﬁﬂﬁlﬁsﬁd o1l 8y henmorh & PIrRY dedoledsOWnct 403 XRASL, ﬁﬁyl%%ﬁgﬁc
her ei n, fQ“? term! yeas%}ﬂt i ncl.udes any of the various yeasts capabl

of expres -aFEFPSe Pt 88t diputedt By e stlethgipeticays aistnesichic| Medianbhactemie
not |im tmpe nIo@utoﬁ@ﬁiﬁ%@Wﬂg%%ﬁnyﬁﬁﬁE§H§zgﬁ§}9& PYESHE: nﬂ%ﬁ:lobacte; {um species
baS|d|osporo enous yeasts and yeasts belonging to

i mper f ectRE bdé‘f’@ﬁ‘g&f@&”@f}‘l"gﬁ@uﬁw Oﬂ'muaﬁcwsmrfivgtmaws fgoezasﬂsz adee 0py} win
divi ded intg, HWRe iR dic acchar ta

The 1 att éﬂr% H, ord rr?) iR o %?bflgﬂg@@ﬁﬁ 1@9&%‘}&16@%19@%6’{? o500 LG 3G Rot
Schi zosaduhizegr dni yEmﬁd?edea (eoly. , Thpemus &ehmms’agclmn’cdmyceﬁe)u othermophilus,
Nadsoni oi c0| e nd Sacchar onygoi deae

b chia. i e ol BOTVESS PR B0 o u i S RS T 6l oo e ke
yeasts i n‘t: Evideydiecl) enebaibeuceseor ¢1’Chbtm’bs nﬂlﬂﬁﬁiigs‘tﬂﬁ mbelMkd to, a plant ge L.y
Spor i di obol u}s% Fi | ob sidium and 5 g);)am diella. Yeasts bel ongi ng

the Fung®™¥ ?né@’tl(f ?SBF%%OLCBHZ% ay PIgAD 2ahTelith ¥ fHness:iantesstiGusluding -

fani | i es,bubpor Bhabo ) CRikamRaRycel efbvisid@E AN SinROHRIAREIBEL o
Bul I era) and Cryptococcaceae yce g, wSzen)lis Candi d() ' %% o fiflited to,

parti cul AP RtlefeSECt o %I%’éomdt ﬁtoﬂh@ the ke nEompesiiiars of CelﬂSeWSIpe'@msmmnal
Wi thin tRenpeener & bk ag@s%i YU rafeoﬂ%tyo Q?émléao%gﬂéél%gé(g?ﬁventm g ézfso

Schi zosacchar onyces, nsenula, Toru SIS ncl u
but not 1GS8N &525567rentifled t Brpagding ﬂl@ﬁmktab@rtm fEneid Co&” forereningi GERNA

car | Sgﬁ&/gpﬁ%i§mfo§e 8 éc?e%}{&tt}s%li'}% ano‘?h (sjoe%%l asii, S Kl uyyer' S,

nor bensi FAgilis, C. albicans, C.

var oty P our o83 HIEREIRAHERH Ofamfmﬁs9?#?é§él%%ef‘¥rﬁélo%§i4§flfa%§%ﬂ£

may subclone polynucleoudes encoding a polypeptide of interest into an expression vector

that contains a promoter to direct transcription, a transcription/translation terminator, and if
for a nucleic acid encoding a protein, a ribosome binding site for translational initiation.
Suitable bacterial promoters are well known in the art and described, e.g., in Sambrook ez al.

and Ausubel ef .

[101] Bacterial expression systems for expressing a polypeptide of interest are available
i, including but not limited to, £. coli, Bacillus sp., Pseudomonas fluorescens, Pseudomonas
aeruginosa, Pseudomonas putida, and Salmonella (Palva et al., Gene 22:229-235 (1983);
Mosbach et al, Nature 302:543-545 (1983)). Kits for such expression systems are
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Stock Center, Departnent of Biophysics and Medi cal Physics,
University of California (Berkeley, CA), and the Anerican Type
Culture CoI | ection ("ATCC') (Manassas, VA). [105] The term "yeast
host" or "yeast host cell" includes yeast that can be, or has been
used as a recipient for reconbi nant vectors or qther transfer

The t er mPREIAEY £¥EI2bISy oBURIYOHE PRESHIN GYHERS JFa@pmpghn cells Yfzﬁ%t and

has receijyee: de€alfeFPMBLRAR tHERTAH SrelisoUbiercibll PRI DNA. It is
understood that the progeny of a single parental cell may not

necessngIAiom be %Ofmlr@taﬁa/& R§%Ptﬂecﬁésehﬂnﬁ@ﬁﬁﬂ%h@/gya951yb5btﬂ@@9§ﬂt€re§ may
t ot al |l ement to th original parent, due to accidental or

del i ber athe uﬁltzaé aag or mtmgeépé/ iy fmy e peyr efnTviteble edxprestien systems including, for

suf ] o1 ekt OLL2ink 0 L0, RARENN 000 CRABRKET L AULDSE cromorery

rel evant pro resénce o a nucleotrde sequence
encodi ng sappadiypopteindés wbvided eslest , are included in the progeny
intended by this definition. [106] Expression and transformation

vect ors, [108]] udi gagxhs aehhoros drebmr ‘gphdttorkides anyi dfttimgwaaii)hmgsasts capable
vectors ave been devel oped f.or transformati

vectors, g been ISel oRed O ALPISNRLIELLG AL TR Y e s 1,
cerevi si agcdsSbrkgdks y@&tsq):ndon@ﬁ&)c&sxdlas%s&)geﬂcﬁ@ yk&ts drid0yedts Blongids to
BACTER C]_ %1983 153: 163{éf Hi nnen et al PROC. NATL. ACAD. Sci. USA
(1978) 78he D - Lm@er feqtini Ff’é”y(cf@.]r%fﬁufét The ASCORRYLOZCBLAy Yeaps e d("i@ﬁﬁ?to

6:142); Guo MBHed C&@i hdIAIARRbe Bld Sacéhm %ﬁe@c%m Q(-tel ik :Egi%?ﬁsed of four
25:141); H polym)rpa(GIeeson et al 6)

132: 3459 suldgéiesnk aefizosecchr Omywieﬂec@ﬁﬁme@ss ENBZ@N@%@S’CGXMQ’S Syprivideae,
202: 302) 1 S HCBEA] SaleDo8u Bl Bhycpidass BACTERLOhers (198) 185, 11000 fong

| actis ( Couvencourt et n den
Berg et éhcchaBrf@EE%NCﬂ@GVaswm)ﬂng@%) y®5t3351)31ud9 thgugdnlenar iLempmoelparidium,

| Cu BASI C 1985 14
(U S, patdrfemgatin: S8y Uy ryabukn SN A p et Yol 5Py o e
MOL. CEL[FungiBirPerfedtil %Ens)torﬁycaz%?ﬁgmu}ﬁab IdZ\Q&«ftbmtbaﬂ’\xm‘lﬁt)mléﬁ @ﬂﬁbﬂ&)laﬁfﬁﬁﬁ&beae

et al., TURE (1982 0: 706 lipolytica, A nid

CBal | ancAb&r S S a3l pice G —E e EI e s S () g,

Ti | btun l ., NE (1983) 2 05-221 nd Yelton or al., PROC

NATL. A(‘ji?‘ﬁ SCl ﬁw‘gﬂg%fﬁgg%m Oiﬁﬁwﬁh)tge Rlesﬁli‘tg@?el’(‘?’éla}%/s%?ﬁﬁs Nﬁ/‘ﬂ’é% the
EMBO J. (:098%) F}clﬂz S- KL®)éromyces! €8&bcRaloFRcy, 2481234 ihapiipl ki, ANBNEAYS,

finmgi such as, e.g., Neurospora, Penicil |um Tol ypocl adi zan (WO

91/ 00357)er féaw ﬁﬁéo@%@?‘ﬁ‘t seFlusing: dpb pehdmite el R. Ppstawy Fogmilfstnondi, S.
sequences, egfmxe%etcay@&es O5:5:salse SAmMY. L 05t BOse, of 50%1 ﬂgr ;Y sSki,) Aen&zp S.

the art and include, but are not [imted to,~ prondter regions from
genes suehifamial Kollis, KefggifiogenalbésatdDH) m(lEfFrMO ap@ 4. qdymoreho| derst are

gl ucokin L - 6 ' ; ot T :
o1 yoer al aenyaD. 48R0 BB TP LR, & RRE LR Plngo vy g o s Yo et
phosphof iStatkoCtntaadespaBmphiosH Boglhyder atd Meadias hyang Pyivereand ef kiddseia
(PyIK) I%Eelg?cel%}%,gCA), and the American Type Culture Collection (“ATCC”) (Manassas, VA).

[105] The term “yeast host” or “yeast host cell” inchudes yeast that can be, or has been,
used as a recipient for recombinant vectors or other transfer DNA. The term includes the
progeny of the original yeast host cell that has received the recombinant vectors or other
transfer DNA. It is understood that the progeny of 2 single parental cell may not necessarily
be completely identical in morphology or in gemomic or total DNA complement to the
original parent, due to accidental or deliberate mutation. Progeny of the parental cell that are

sufficiently similar to the parent to be characterized by the relevant property, such as the
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203). The yeast PHOb gene, encoding acid phosphat ase, al so may

provi de useful pronoter sequences (Myanohara et al., PROC. NATL.
ACAD. SCI. USA (1983) 80:1). O her suitable pronoter sequences for
use with yeast hosts may include the pronoters for 3-

phosphogl inase.(H tzeman et al., J. BLO.. CHEM (1980) .
D5 2073 e B RS b R R s oo gt [ttt metided in the
decar boxypageyy ibtehdslephibis @bfitidon.soner ase, and phosphogl ucose

i sonerase (Holland et al., BlIOCHEM STRY (1978) 17:4900; Hess et al.,

J. Any. BBEYME REGrestidB@f trénskd@atioh Rebiss Bhaudag SkrRhAN6Mms RENIAY or
the additi gnal. yadvant %ge %f transcription controlled by growth
condi t i onS*SHRME NEFIGFe PETR R0 ABTCdPed db Barsformationinte yadny yeast hosts. For

dehydr 0gef@sple cxire@mMvesBEa®e Grerdfhdl ; i opei n:
33 gl yceral g@h de}j-r3-phos hat e l?Jlehgydr oggpﬁéaagg{?b' égé’g‘”ofa{@z}%k%‘%‘%ééﬁ%&ms

associ at e@%@h%zﬁﬁ F‘@géﬁf» FBnaBBr P ] 9% d SBAGES disnere sipdn PROEEVATIL AcaD.

nal t ose a hdil zat | } V. o] nd r

for uee |y SoARE s "G B P B T 8 L C0R . BAS RESRP k83 ¢

[ 108] Yeas¢lasaldnersre ahl s BammyMimropmed(19B R SyeHSt Hp PORRbLETE.(Glddson et al.,

addi tion, t i r .S, @l so functiqgn_ as yeast pronoters.

For exarerI' g, t%&%%sl?fe@%%ggtﬁ&g? ? ’n%oggglélffﬂﬁ)n@e;g” @?ﬂS)C?FSFTI&g%@Qs@ENOMICS

pronot er (1886)bE202Nek. Ml ilis t(Das tet S Cr BRETEAMDIAGLIMALTSEN 1689170 VB (De
nt hetic hybrid pronoter.

o :
Exanpl es OF TRERI B b SABHbLof DSPheti00: e BB gt BitEcoLoGY

sequence (Nivhkeo)ao1 3sher. G4 inaRaa! (tnk 8 ACT IRald i S

Pat ent Nos. 4, Zﬁo 71?:52 a%a4 é76, 19(7, whi ch™ ar eﬁ?dn%R%%gdf gj(?ggﬁfﬁllﬂ): P
r ef er enc@SHES &V FEIHENogx S 639; d592R\ B9 endpt, Bibt4s; Sregeetuale MoL. CELL.
pr onot er ibhat 98 BSI35k); &b e TOE)-
GAL4, GAL1O, q?)r%gHQS )e%]sz&&?g&n%?ﬁg%% SPtnpSRANEE, NagbRE (¥ 300706
acti vat i SRdriedipefien & riylent (Rallenendyate Bjerieds (RibPas. BAR OOMRYK. (1569

EP O 164 _oFURt r.e, . r incl ude_nat yral l
OCCUTT | ngﬁg?gﬁg? ’errfasm%?mr%\gg’- 9%%%?1%3?% %%Zﬁaf&ﬁﬁ{#@q HelabReS- TtLo‘X‘C‘é‘D-
bi nd yfaaﬁa.m (IGIBYY Bt 47BN, imigeri(Aky hI?(ﬁH?ﬁd’sl BMBMJ. (1309]4:.89879): T
control eler  copprise part of the yeast expression
vectors G;%e%{:?g%o% Ot 2?%%2%0%@1?%?6%‘55 &, S‘f"poﬁ’ﬁ G ewiosRare, Enticikan,
genes ( HibbavdadtondiVQ U008 leach Btlabralcd 9§ tfeRnb: A38R) - | n addi ti on,
the origin of replication fromthe 2A plasmd originis suitable for

yeast. A[BIjt abl €osted]l@eduicfiesFeRaktOlkctdfitrd T8RS tdsS off BRidaty s
present in t.hﬁ%éle?&t plasm d. See Tschunper et all., °GENE a%%géﬁ%??@lgm
‘e

10: 157; RihgQ afie neENpiedo i) promotey jregithe gl eepemesuph oasi dizshal
sel ecti omeyate@fast QADAD (b 30k ol LRI AL: AEARILAGHIDG & Beo AL LLLY, L0
grow in trypt ophan. Sinmlarly, Le)ﬁz-def’l"ci ent ayégstcg%tér |0nsgfil %F&f&gmse’
20, 622 oFY°aBlignEy-Sphoselipleemesersby kifoMh pl @sm dZARREY,I nghéhkinase;
Leu2 gengnoshadiletddiad0 s pRfsph iy QIS g  EXggenous. DNA i nt
host s arg k%own to those of ¥ g%%‘%nar ;Ig’g?(ﬁ% glgcfrli)wﬁétea T“}“aﬁ’ﬁﬁﬁ%c‘éﬁ??
i ncl ude, 2%t Teeend PHOEeed encodingiachigiotfintake, s R4y Blok 18 useful promoter
sequences (Miyanohara et al., PROC. NATL. ACAD. ScL. USA (1983) 80:1). Other suitable
promoter sequences for use with yeast hosts may include the promoters for 3-
phosphoglycerate kinase (Hitzeman et al, J. BIOL. CHEM. (1980) 255:12073); and other
glycolytic enzymes, such as pyruvate decarboxylase, triosephosphate 1somerase, and
phosphoglucose isomerase (Holland et al., BIOCHEMISTRY (1978) 17:4900; Hess et al., J.
ADV. ENzZYME REG. (1969) 7:149). Inducible yeast promoters having the additional
advantage of transcription controlled by growth conditions may include the promoter regions

for alcohol dehydrogenase 2; isocytochrome C; acid phosphatase; metallothionein;
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of spheroplasts or of intact yeast host cells treated with al kali
cations. For exanple, transformation of yeast can be carried out
according to the nethod described in Hsiao et al., PROC. NATL. ACAD.
SCl. USA (1979) 76:3829 and Van Solingen et al., J. BACT. (1977)

130: 946. Hovve t hods. for introdycjng DNAlnto cells such
as by nuci¥&gr qﬁ‘ﬁ?eeéﬂ’ﬁ%sﬁmsldég FoFopss .dserah%we PPEYRTS 28eCiiEd Mot mirpeen

al so be us@ehASmIRSLCHIzZDRL: ﬁ@%&ﬁéi@lé Br bdItosAMBREIK 0 EeTutdzatio VO EEMAR tor
CLONI NG A LAB. MANUAL (200 Yeast host cells may then be culture(f

usi ng staﬁﬁé@?%ﬂcﬁ@éWl‘ﬁ%@%ﬁ@?ﬂﬁ%@ﬁ%@%ﬂ’@f deseréficdan FF SHA7BI1657n t he
art. 34 [111] Ocher methods for expressi n_q_dhet erol ogous proteins in
yeast hodi08el | s Yare crbgrprs alse maspeeussl voHuyssarsromRricrs i addidora synthetic

See gener b 0 9

Nos. 6. 26l gtgr o 150G, G Bbrdfegs S 105 TARDR she, Hyrealt A hing
5,674, 70666111659@82{9%@3’;5 2560 21034 mabd Jc@J&Q \&%the tkaBscripgex attivagdn region
Pat ent 37 3 nd RE3 749 ed, Pat ent pli catjgn
VO 99/ 07 2"“0 %ﬁsp} tet, CH%F %@F%bgé 8‘8&5&%&?’8@ of stich hybi
App l)l g agl %détgotEB iAc1OdEBtheE @EDH ERrdatdi32sedfkhice BRkA! t@a&ﬁ% @g’ trﬂ@gn?ﬁslﬁﬂ&al?iion
EP 4 74 P 0 164 55 ee al so
Gel | i ssedeSigt age b e Ul SAM%WEQSS%M%?%%I #9 (acomporgied g reference
Romanos  efere. . Oth‘éEéﬁhﬁerQQZ]»bm%&hm‘ﬂ%nf&ﬁ&ﬁ (esiele &hat N&Tsh@@@tﬂe"ﬂegulatory
ENZYMOLOGY (1990) 185:3-7, each incorporat eg ref erence herein.

[112] ThecqREass s ADFRa A L8 g BRRAS @ﬁn@ﬁe?%tnv@rwhuﬂm fignsetpgional
anpl i fi cabiioios r8@6n opalg}ﬁ:ogttﬁn&ﬁmetgﬁﬁéi st é‘shG{}? %;ﬁ%'pgﬁé he#lSse.

known to those of ordinary skill in e art
met hods Auytheyeos apreesd ptcmnczi@rdwnmchildfr nghufafle pequeidng pramatepaeirioptyeast origin

yeast Ssion
control . q%(t%rh ﬁ‘g;tg%rpgﬁﬁty% rré@ %gtgﬂf [QB&WS% gr%g?ﬁ/agg%{%ﬁeast host may
require g gjingle f tr.oge rce

hydr ol ys3t &) 0%*@*-’%?3?&562&3%%%@2 SOIEHBRFR: PEHe" oot Siethrioll VEihE
met hyl ot ﬁmbllrdecrmyrea&)rsf’for pmmlﬂe |fs)1mﬁysPEHﬂ of the egdﬂymegeﬁés, (}hiﬂﬁb.ﬂ@adl 1.0,
trace m roge Itsfor
opt el QPR FAR 15 Bita s Pti@ac e Gt ot editat bR dy PsuBlertinis
Elliott ebitfle for \}eaSPR@Tdﬁhtbbl@sE%’ﬂc@l@Q@)fmgusg53,1 yadidishheseh lgén@ble@ént in the
Bl OTECH. BI OE (1 1113, incorporated by reference herein
[113] Sucfest Quﬁ@iﬁ ag %1 Cﬁ’%ﬁ?}cﬁ%’ Al G{RRG & # 98Ul f): lﬁivlémé@?l%%ﬂledﬁﬁ%wm)
feat ur es 7.1imdepndenteRfpbNi8ey £ 88 bctidfSharklr 1 B n@‘m{t%ﬁ ge’ast%é} fhe
agrowmh [imting nufrient, typically carbon, d to

f ennent orbtH ihgrahéan élmgflophalh abiparph dsal ﬂeﬁablﬁ O}Wast nﬁwmﬂA’m@)vﬂtOtﬁ”Z lcm
addl {1 onas 595 EDLALIANLNE ROAHWAENELAL Ve BIP LY 77 %8{ mentati on

medi um desi gned to contaln equ am)un car nit rogen

basal sal fﬁ)& ghoﬂ%ﬂﬂ)‘ayﬁf FU%EISCH%F%%G 11@%1\&@%51{ FJféngtshogt\é'ana A 10 Lha%Ss

mneral s and salts, etc
ordinary skill in the art, and typically include, but are not limited to, either the transformation

of spheroplasts or of intact yeast host cells freated with alkali cations. For example,
transformation of yeast can be carried out according to the method described in Hsiao et al.,
PrROC. NATL. AcAD. ScL. USA (1979) 76:3829 and Van Solingen et al., J. BACT. (1977)
130:946. However, other methods for introducing DNA inlo cells such as by nuclear
mjection, electroporation, or protoplast fusion may also be used as described generally in
SAMBROOK ET AL., MOLECULAR CLONING: A LAB. MANUAL (2001). Yeast host cells may

then be cultured using standard techniques known to those of ordinary skill in the art.
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nmedi a suitable for use with Pichia are described in U S. Patent Nos.
5,324,639 and 5, 231,178, which are incorporated by reference herein.
[ 114] Bacul ovirus-Infected Insect Cells The term"insect host" or
"insect host cell” refers to a insect that can be, or has been, used
as a remﬁ]&ent faor reconbinant vectors or other  transfer DNA. The
term i nclitidés t hsF BFEIRYS B ckprEssng hfaalpesus geeipinp syeagidiost ¢eHaaretagwn

been tr @@ﬁo@&éﬁﬁdm!lﬂy skl 1'rl'%ﬂ@£r§t Q%ehg%‘ély e MER9PMicRfiorNS] ﬂﬁb&)SSi@
parental cell may not necessarily ohpletely identical

mor phol oé%/s ofafent gérsond.26176% 01,412, W @b&ﬁ;?@rreﬁ@gi 2% he0bt. 73311 n&674,385;
parent, Pt28§ A&k aly, Prs 6l dRergie @8&1‘ %f&ﬁ’gﬁ%’ °§E§*§§43 and
parental be1 hat”"are ” sufficiéntfy Sim 0 t'’he parent

char act eRE3éd 4By PChePutdiskada fatemtr Apg]nctayons Nﬂh HBOI2; W)@ e8%1Y268;0fnda WO

" the  BPABETy HURTSRGEH by RSy orbA o 8 s B SRR

sui t abl e opneert; Bval 149 Isor ERX@2eS98.0HP 08242 p0laMpEptd ta 36, Spd cezscesitenﬂs@n
known to those of ordinar e art. Several insect specie

PR RTINS P SR o I O
i ncl udi ng(f)edessaeayitide, MRS r&nmzlmo%@%qmd)amslanﬁl AR IR rated by
Spodoptera fi ugi perda and Trichophusia id. In'selecting insect

host s foFefeléRﬁl@S@ilon suitabl e hosts may include those shown to
have, inter alia, good secretion capacity, |ow proteolytic activity,
and over #1121 r obu$hneesst hosheieans TassebegrAwn a faymeniars| dushg tierapmlifigation stage
vari ety [

ook Centap HOEES LA OfinqyRitondiencdo ekl Prost B Rl AREC bulFaR Y e
Uni ver si {Tje gérn@atatibo mmtids Basykled adapte@Ap ;aceovdt fchrhchfﬁeumqsdara ypailar yeast
Cul ture Ile S VA 116 eral | he :
conponen St St bDBélgl{JF%l\%%\S&%N{aKfo ec °%§°fex Qs m{é)?f)l? eOSISI on e’siillnslglb’niltemmtatmn
i ncl ude ef tursansfhesmpec yeist hass umlylryqlmeuamhglalgaicopd At abmpidx wifogen source
contains both a. frg%malnt 05 &? b]? | oyi rus one, and convenj ent
restrict (ofr s{¥& f &P 81 JFUER P{Ei“-‘é%ls RraCTiIRE- ¢ ol f@ntrast, the
expr essegietid/idopHictyeRe PO BEMbAVInE ¥ feqiird BlysQ6l BRERSCINMDERE P SerhiFetdiChut
bacul ovi rus-specific fragnment in the fransfer vector (this allows

for the RBWCHBBE M PEEWREIHREIYFabY [ RetioRbeiordl oibaxorgwion. (et o2t HeS.
bacul ovi 91%119%05%)24 6@@%@8@@%' 3! ProRpEClEOtto d9%f'919% and FiLA B a1,

medi a. The materials s and techni ques use n construct|ng
vect or s, BIATESHSBIOEVG.n¢9ER P | 1 Ditndormegatpd bigreésenogheowing cel ls in
culture, and the like are known in the art and manuals are avail abl e
descri bi i3] heseStac aingueton [MdidsAflosevem gaeyt ihaye tdﬂataﬂmetz@mmbn gatsres

gene | nt g, 41g LI ANSKET NEGLQY DO VRGLEr ADLLAG, W ol AVRE b Rbicw

genone are sfec nt'o Inse ost ¢ e vector and
vi ral ge;m@mﬂyroeﬂmnbmag beT:hﬁe@a@ Klaeg Etimer@c0 dinumﬂie atn}ﬂlfﬁ;ah& gxpe es stﬂdw

and reconbi nant qu e identified an@1 u rials and.

ot hods. TORHHCBPER T o PhLdt ER s 2eEeBh senerlly ebbley s Yefindiiion
medium designed to contain adequate amounts of carbon, nitrogen, basal salts, phosphorus,
and other minor nutrients (vitamins, trace minerals and salts, etc.). Examples of fermentation
media suitable for use with Pichia are described in U.S. Patent Nos. 5,324,639 and 5,231,178,

which are incorporated by reference herein.

[114] Baculovirus-Infected Insect Cells The term “insect host” or “insect host cell”

refers to a insect that can be, or has been, used as a recipient for recombinant vectors or other
transfer DNA. The term includes the progeny of the original insect host cell that has been
transfected. It is understood that the progeny of a single parental cell may not necessarily be

completely identical in morphology or in genomic or total DNA complement to the original
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systens are conmmercially available in kit formfrom for exanple,

I nvitrogen Corp. (Carlsbad, CA). These techniques are generally
known to those of ordinary skill in the art and frilly described in
SUMMERS AND SM TH, TEXAS AGRI CULTURAL EXPERI MENT STATI ON BULLETI N

No. 1555 (1987 herei.n incorpqgrated by reference. See al so,

R mmsdiilerggéﬂ?vé”r%geﬂ*ﬂl iR By OB DUROS SRR S

PROTOCOL Ssuffi@ag)y; simAiStdBiHe fafenflto he CHIRBENTZ-RRITEER:SvAN E%Uhéﬁ{ as the
KING 36 AND POSSEE, THE BACULOVI RUS

Bl OLOGY 16. 9-16. %&Q\(Plégﬁdf%?;a : _ . .
SYSTEM AFHRBERA R BESqargys) cncefipg @ REPEphdeETt injgrest, BAGULTeH Rushe
EXPRESS| Qo MESTBIedAyLABERARERY MANUAL (1992). [118] Indeed, the
producti on of various heterol ogous proteins using bacul ovints/insect
cell exprg$si on sSystLTstidSo i [ .
art. See, ﬁeﬂg. , U S Pat ent%?%o_ms}? Blge%E‘%ﬁ%{;&pggsgﬁg%%éﬁ%g%g%&E&m '
6, 261, 805k1ognAg thase gf ogiepsslib iy the art.88e1981T jnse® spE8sIB2welb 4R 6h@4d the art

6. 096 304 6 » 203 . 285 5 891 676 ,5, 871, 986;
5 861 2795 %é?%@@}%ﬁ?‘%ﬁ? 112‘31‘3%% 9‘2"&“ 5‘?3%%? %6”,”5%3, et 8%’7‘?505’]”1“
5, 583, 023nelbndgndien,0odoiBers 1 Budibalila,5a1B00yi 886k tGri0 210 63R5tindMDsect hosts for

01/ 90390 1/27301; WD 01/ 05956: WO 00/ 55345: WD 00/ 20032; WO |
99/ 51721;”‘&%85?’4%&%%&3 1%7%‘33951/“%11%‘3 e 559§ ‘1‘6‘51%313"%’%/ @an egod \agsretion

97/ 26332; cajMRigBlo2OA0R0 1 WO 06/ 25 ARGve D rOG(s08 0 Lins MDD eR QG2 avai ¥ from
93/ 03173; WD.92/ 16619: S\/\%?é{@oz&& WO, 92/ 01801; WO 907 14428: WD

90/ 10078;% YHEF'§0P05%568° 789 2018 610t \igyudes) ¢, 5t hxmtsﬁﬁwbsétpcmenter,
89/ 01037, DiperiBBh0AAHEphys b bt MRERBal FRGRELD ey RY daﬁfogﬁ'ij% RE&1EEY, @ﬁg hand

[ 119] Vectors that are useful in bacul ovints/ihsect c expr essi

syst ens dreARIFEGH Type GHererellegien ('AJICETe (Mansssaexedpl e, i nsect
expression and transfer vectors derived fromthe bacul ovirus

ATt ogr apHat8ll i f orGrneEllhubie campebinh efl e elovirystinleeind NIFY) exmbison system
hel per- i; defdier Vebical j rooMer I 8SSi

Voctors dorion e WHoE lRLERanaR KRERAL whlh BT e ngnent of e
pol yhedr ibacgleneusgenpre.end poouireniest mxtpriggsiito fordhsenidresfohoyaerslogganese to

CABCRATORY XA PH53T v ot AT iy (1o Pordr e i

i nto the fgowchow rths tganbmesctbhéthbaVeys destki etble@RORefNhSination of the
r onot er,. Ieaﬂer éif desired cqdi ng sequence of

conpri si a )

i nterest T]l%ghﬁg%c?“ﬁn%e(??i%ttioo ¢ (DEPHPHEE] BHODEE W CRPPToFRIY Jisedt Alosy cells and
assenbl edrowthonRAial NtRENBAIALR, ndiRAs pi}ﬁcﬁ:@ﬁﬁ&ue%oﬂs%ﬁrﬂlckoﬁsrtﬂl&ﬂ%f Gctors
vector). Intermediate transpl acenent constructs are often naintai ned

in a replTaRdReing feHs picking Bsqucs BovEHssbal cubitsngnst the dile aredingwniinigip art

capabl e Ghd n#h@hh GoRARLRNABG DI N0 hiqusd/ch as bacteria. The
replicon will have a replication system “thus allowing it to be

mai nt ai nggfin a Syt aRERIB AR hét%lo%&n@éeﬂg 10 S PR ke iv%@t&,% valR%-Gnd the

wild type viral genome are iransfected into an insect host cell where the vector and viral
genome recombine. The packaged recombinant virus is expressed and recombinant plaques
are identified and purified. Materials and methods for baculovirus/insect cell expression
systems are commercially available in kit form from, for example, Invitrogen Corp.
(Carlsbad, CA). These techniques are generally known to those of ordinary skill in the art
and fully described in SUMMERS AND SMITH, TEXAS AGRICULTURAL EXPERIMENT STATION
BULLETIN No. 1555 (1987), herein incorporated by reference. See also, RICHARDSON, 39
METHODS IN MOLECULAR BIOLOGY: BACULOVIRUS EXPRESSION PROTOCOLS (1995);
AUSUBEL ET AL., CURRENT PROTOCOLS IN MOLECULAR BIOLOGY 16.9-16.11 (1994); KING
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specifically, the plasmd nmay contain the pol yhedrin pol yadenyl ati on
signal (MIler, ANN. REV. MCROBIOL. (1988) 42:177) and a
prokaryotic anpicillin-resistance (anp) gene and origin of
replication for selection and propagation in E. coli. [121] One
commonl y used transfer vector for introducing foreign genes into
ACNPY i & ANAESHEE: Ny CTHRI VLS RS ASATORY ROSE GPODkpmd OrRELReET

art, haveasn|scl1eekud EsbRRebN BIcTORE AR A THRY VKRRl Bo2p VL 985,
which alters the pol yhedrin start codon fromATGto A T and whi ch

i ntroducepi1g) Bantthddet oM Roodiictiéh %V@ﬁﬁ?ilﬁ@ilofo%og@%\ﬂ%ﬂsg%mgf SRV insect
ATT. See Luckow and Sunmer s, VI ROLOGY

comer ci abIlyeXaieaTiPh BYsisIscie fBpEn to Fosgebordmary -‘éixléﬁ’pthé art. See, e.g., U.S. Patent

PBl ueBac4 V | H | | t
R e el e e

t he trans$.&e8, S?/@(;tﬁdr%ﬁﬁél Wi0PA,304,p€,01 14330 SRASEEB; g@ﬂ@,@ﬁs af,891, 676 5,871,986;

CO: Ly an=t SEheA, N sate] SWAEf bS] s MLIBOS LT ANLLOENE g

known in 585,687 . 5386,68GUMVERE/OBDSSMW®I01/DEXAS AGBI (GU7BURALWO 01/05956;

i b ool SRR e SRR T Bl il oonons

170: 31. Famo @wempbewa brﬁzasme wwe/zgm beOigRls 496, 0 0GNAB1 A% 3 8620672,
polyhedrln | e crossover reconbi nation;

Pt o128 BO SR 15, a0 SRR o T O ABIEUL ol OB B Le0LP76:
the desi regh RagbeV iS008, v@@@o%ké@fwét@ﬂhm Bl 927 $RS807082,

11(4):91. [123] Tr ansfection may be acéonpl i shed by “el’ectroporati on.
See TROTT‘E CIMNB IpaDratedby IETRCRS e MOLECULAR BI O_OGY (1995); Mann
and King, J. GEN. VIROL. (1989) 70:3501. Alternatively, |iposones
may be usEéMt 0 t "aboieibat &tlhﬁsqflnisebﬁmmnushwc{t el haareasmcmmmams known in

expr essi c t 0 i

Bl OTECHNI &é% %%91381)99%6{?1? Q%%&E 3%/"3%}‘ 2 G &51%% ?riv§’58f}°m the
37: 6050; Wonviauseduto@liphaclifoBhick nu@HEMOI)Qﬁ&Qﬁ); vﬂﬁ@(&ﬁﬁp\lﬁﬁﬁm Sohmalghr-
et al., P El PRESSI ON.AND PUR Tl ON. (1998 2:.323; Siffert

ot al | NATORSEENE CE By A 4 bl PRI RS 36 o féﬁowem
A LAB@AH@MIMDB&E@@5Hﬂ%l&lﬂeﬁﬂﬁ)gﬂn@ﬁﬂonﬁkerab drivERIhEb b ESPRESSL
AND PURI FI CATI ON (1997) 10:263; Dol phin et at, NATU GENETI CS (1997

17: 491: KE&8ps- efee ggperaligENReifly g5y %GU@@RUSJ@%B%%%V@@T%S A LABORPERPRY
CHEM (1996)yR7&532203; Rowles et al., J. BIOL. CHEM (1996)
271(37): 22376; ﬁqverey et al., J. BIOL. CHEM (1996) 271(39): 23607-

10; St | t [Hor 1o o E a1 e &a
VI ROL. a? 1 90)e ag?) OF %aé%e%ncf EI:Jgefr% é% %2@ f&%?%rjé%%??%‘% ‘?11’99113) blove-

14(2): 274d68@wﬁeq0@mnws avannrsbice a| mpossnekadarc(ifidesiredy, modmgaﬁmuence of

aoglj : I ?g}[’] ' Iﬂ&i{ e)st, ?fﬁ'&i tr !Iﬁsgl%i?ocht wﬂl(uliﬁmcﬁm}{ﬁetn%& %?é‘typlggﬁp aSSer%@Ire!i %Qggim mcEAI)medmte

transplacement construct (fransfer vector). Intermediate transplacement constructs are often
maintained in a replicon, such as an exira chromosomal element (e.g., plasmids) capable of
stable maintenance in a host, such as bacteria. The replicon will have a replication system,
thus allowing it to be maintained m a suitable host for cloning and amplification. More
specifically, the plasmid may contain the polyhedrin polyadenylation signal (Miller, ANN.
REV. MICROBIOL. (1988) 42:177) and a prokaryotic ampicillin-resistance (amp) gene and

origin of replication for selection and propagation in E. coli.

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

pAc373. Many other vectors, known to those of skill in the art, have also been designed
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cal ci um phosphate transfection may be used. See TROTTER AND WOOD, 39
METHODS I N MOLECULAR BI OLOGY (1995); Kitts, NAR (1990) 18(19):5667;
and Maimand King, J. GEN. VIROL. (1989) 70:3501. [124] Bacul ovirus
expression vectors usually contain a bacul ovirus prom)ter. A

b I u capabl e Q a

pacul ovi 1 SRR Ry B arhte AV R RS o ST R St B aBoyo ATT,

t ranscr i ptidowhish narcalochsrth&ﬁHneMg(@wgS? baséﬁzﬁt«t&iokifn@ﬂreaﬂe Rk ﬂh\?\;]ﬁlg‘(’:l‘h |S§e
i on

: h t tioninitiation re
dsuai 1y pradR B RPRER § S kel 6P he eber ogSegeth oslshis sectors
transcri pinchiej Not i atangle, PEGBICEYPILELS YpBREBAIES: a@nﬁ}ﬁaooo )é’ﬂﬁhﬁézﬁs
bi ndi ng sh%e and a transcription initiation site. A baculovi

pr onot er rgeRd- iy &23Eb8ddemtd dommin cal | ed an enhancer, whi ch, i f
present, |s usual |y distal to the structural gene. Moreover,
expr essi o 2fhy beA%*Flt WeFtipn | the dipterelpgevsnatnies the trensfyr1 gjor Sirrdumldriazbe

genes, abypRda: !ﬂy gé‘i'bﬂl@ S&é 'cg qgtn@fect%@tlﬁot dnRSeck Lefi E&S)stj n F\fe%hodrs.. rC}P{J éﬁmﬁﬁcmg

provide particularly useful prompter Sequences.
sequenceshaiepiogeds PNonintat the dgsinel gteciodhe gacubeivi rvaus pelkrbedrianhe art. See

oo (S e, TR0 g B B 15

127 839 a168T7); BE6th4 6., Mul. CEeL.gRIe. CI98B)3 agsa,nampd:ﬁ aﬁﬂ%ﬁmﬁbré Wik &ty

1988 9 765 6]. The newly farne
bacul OVI %%QQ\{HESQ f 8’&1 19 1&8@5@%&%&@8 l?tﬂﬁtgeéﬁsqcﬁﬁ%élﬁw@éledfm gene, by

reconbi namimdiaguk dvilblel Sroﬁﬂﬂ)detsﬂég&ﬁﬂiﬁ@t[’SnL YhsEiioMRaPhidsIHE ﬁlté@%ﬁ@ctl on enzyme
purified by t echni ques known to those of ordinary skill in the art.

See M || efCetnedieered gpiophe Alpsired) haaylovirne seng 1 : See SUNIVERS aANBmvsm (1989)
TEXAS AGRI1@ULGIURAL EXPERI MENT STATI ON BULLETIN No. 1555 (1987).
[ 127] Reconbi nant bacul ovini s expressi on vectors have been devel oped

for infeqyben lmlgls%%ﬂ@ﬁ%y%@%&%&nﬁ%éd%y e’f&&ogf%m Res IR aegyf{rh%.n‘;"

bacul ovi ruses have been devel oped for, inte
( ATCC No.39CHETHOBY IN BARHRERLAR FHIOYBTOCING); 1min 88d King, Dr G0 pYiRba (1989) :

o gt AT PSRl SOSURD 5 0T PR, L) PR
(1985) 566(1@33111’@(0(1 tipresionl V@ctorMﬁhd Cel baciBDlus. (1983) dz21BRbmSE€Eet al,
Sener a1 gFEa8er Sl s DY FEQ,OE, DL BLOL L dh) 22,28
vect or saystJermono@HmI y1998¢ |27d€22)hes70ar @ni@dt ki 8.t eot@y SfRession anD
(Spodontsia le, b 9L BEIE) LATGE N, QUL ST2T Topbdept 8 "
Tri-368 (CHLLShORIEYS WA ABBkATEREAH S AR M8 T1al (1 808) - ANePB! PhoTem Expression

Trichopul sia rai
( P AND PURIFICQ‘TION (1997) 10:263; Dolphin et al,, NATURE GENETICS (1997) 17:491; Kost et

al., GENE (1997) 190:139; Jakobsson et al., J. BIoL. CHEM, (1996) 271:22203; Rowles et al.,
J. BIoL. CHEM. (1996) 271(37):22376; Reverey et al., J. BIOL. CHEM. (1996) 271(39).23607-
10; Stanley et al., J. BIOL. CHEM. (1995) 270:4121; Sisk et al., J. VIROL. (1994) 68(2).766; and
Peng et al., BIOCTECHNIQUES (1993) 14(2):274. Commercially available liposomes include,

for example, Cellfectin® and Lipofectin® (Invitrogen, Corp., Carlsbad, CA). In addition,
calcium phosphate transfection may be used. See TROTTER AND WOOD, 39 METHODS IN
MOLECULAR BIoLoGY (1995); Kitts, NAR (1990) 18(19):5667; and Mann and King, J. GEN.
VIROL. (1989) 70:3501.

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

baculovirus promoter is any DNA sequence capable of binding a baculovirus RNA
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[128] Cells and culture nmedia are commercially available for both
direct and fusion expression of heterol ogous polypeptides in a
bacul ovi rus/ expression, and cell culture technology is generally

known to those of ordinary skill in the art. 39 [129] E. Coln
Pseud0|non? eci es, .and ogh%G Prokaryotes Bacterial expression
t echni queSDAREIR BN EI0E JB8 BFIFFHETN G} Y TERFIPLPR, of HeCofliRg SyquRRese(e-&-

variety Osftm&‘tﬁﬁi‘l QErfe) &t mIavAl I@ otrch@will$8vd B nRACEEHdPnRASE Segiockhhich is
vectors nmay be single co ow or high nmulticopy vectors. Vectors

may serveispgly lblﬂf@ﬁumwawgyeo ihe Sx préakihgsoding sequsneeof Thircrapgpinsion nitiation
l'iteratur £ QLR v, il

vectors, ]'%' E@E b nué#gggescr |ng S%E%FE §ﬁ§nggaﬁg#%: égtr?%?mnSﬁe
maps and fhﬂmlagﬂam s‘pm&l may elsb gt vesabst @smamncalkdr@qamlmecbl éich, if

As is wel] own t ve markers

ol ect | oSy Ertee HrsRCb RS g e ooV, SRS 5T aty b i reslnee
prototropﬁyommmﬁﬂﬁunlty Frequently, a plurality of markers is
present, which provide for different characteristics. [130] A

bact eri al[1p8]onot Srructsrad pendNAbSRIUEN GanaRipad|ae 10k tbh@dlnnmeb@fdcﬂbm &hcle,
pol yner.ase an Lnitiating the downstream (3') transcrlptlon of a
codl ng sé’ﬁ%‘@ﬁ cRApEH Efly usel RIPRIPIST SYURRSPS-| K RRIRRICIye Seafppes deived from

have a transehé Rht@ing Nhé ivadal QRIYLREIA Np e NEREsmYEHakLY kaRESation of
proxinmal to the 5 end of the coding sequence. This transcription

i ni tiati dHCHPEiomee/BPEHriPy it HEF YRECHARRNALYD! YRGS VBIUSEF H§8e) ER O
and a tr al'i?%@bl%h e 5'5%7%? ahd 8RR hé @ncodﬁg?ﬁ&?ﬁf ng%ien%@qﬁgte?ﬁl Waé ﬁ' VoL

have a second donmi n cal an operator y oV p an jacent
RNA pol yri@?%s é26phdi ng S|te at whi ch RNA synthesis begins. The
operator permts negative regulated (inducible) transcription, as a
gene reprié2®or piloe arwlntympd gacllﬂcrvérus)p@laasmn veahud it pakedwyl intwhatbinfectious

f[ranscrl E&o%n?aﬁﬁ At RS f'a%dgs%g yér {V ueg ?ag Slgt?r?ﬁffrr{ia gy ?ec?mzques

in the sence of negative reg u
oper at or .knbwn ad dhdsk @ or@narytskxlbmrﬁg uttat Se@rMﬂrmyzt bﬁ B([ohsm\fec{lm) al@geog,

activator,protein b nd|n uence, whic i f ent

o ox1 mal SEERE G BV A Brorgrsrisu Tt E Reano Py Yoot 553
gene act i(yed7r proteln is the catabolite activator protein (CAP),
which helps initiate transcription of the lac operon in Escherichia

coli (E [epf]i) [ RathasidattbashiovirdNNbkesdREY veddiliilve 6deP8dby cibBedl 13 linfection

Regul at ed expression may therefore be either positive or negative,

t hereby MPHEYIAAREAEFHY FOF craguie: hypritinans baquirvigses lfajishfenséeqel@mde@r
encodi ng ;B aRg! Mgdepaéegy)@y (RPEYTRS, BCOVIZAE Dol :Hbﬁr(A}TC?e?\fo' [ 8910),

pr onot er sequences arrp es i nclude pr OI’TDt er sequences ri ve from
sugar netieetAidi meplarmgasiae ATEU - ad0gh | Saedamer flugrards nlab)cipdhsing:.

et al. I%h(t %@Zﬁ}m]@%ég%%is ondle} 959 v tﬁgt @9%@3%6 PRl B a1,

|nclude pro I’ 'sequences “deri vé ron1b|o§yn Zymes such as
t r ypt ophaviok.tGap).. BGoeddSB) 812186.. Sedp@ierdlyi PsasBas. al( T98DR0o&LeLO5DEY. BIoL.

A Or{1989) 25:225. More specifically, the cell lines used for baculovirus expression vector
systems commonly include, but are not limited to, SI9 (Spodoptera frugiperda) (ATCC No.
CRL-1711), S121 (Spodoptera frugiperda) (Invitrogen Corp., Cat. No. 11497-013 (Carlsbad,
CAY), Tri-368 (Trichopulsia ni), and High-Five™ BTI-TN-5B1-4 (Trichopulsia ni).

[128] Cells and culture media are commercially available for both direct and fusion
expression of heterologous polypeptides in a baculovirus/expression, and cell culture

technology is generally known to those of ordinary skill in the art.

39



et al., NuCL. ACIDS RES. (1981) 9:731; U S. Pat. No. 4,738,921; EP
Pub. Nos. 036 776 and 121 775, which are incorporated by reference
herein]. The 0-gal actosi dase (bla) pronoter system [Wissmann (1981)
"The cloning of interferon and other mstakes.” In Interferon 3 40
(Ed. I. Gresser) bact eri ophage | ambda PL [Sh| mat ake et al ., NATURE
(1981) 2@@9128] an&oliTEsqudomongsaspecigg and giper KOs vgasc h Ba'ip@nal expression
i ncor por el FETEEEAGE HREE e kiRk O RICH ¥ SHER RSB T eiors arc
usef ul prom)ter sequences. Strong pronoters, such as the T7 pronoter
may be wagatibledor wedifc bactdvil podty pﬁmwedierso:fla}r et engle ot orHo*g lor high edticopy

art ond PREPTae FRE B3y ok doi S8R ki U838k, 24 I ATE hsione ke

descri be dondanidm%:ﬁﬁa &B;nm*rmahmaslablh@o:rfpnmm etidry, andfeere nmeudie ﬂeqcnbmg

Such expressio st ens produce | evel s of pol ptide.in t
oot w1 HBUE S CORRERT SRSt w8 Pl §o RephURrie i e
PET19 ( NavRgen)is kwellamnevhethe Wesb®moki8Winidlvé hRriard allowlidd8dr skiBetion, which
addi tion, synt hetic pronoters which do not occur in nature also

funct i on THEKerHAY Biovide BF @ﬁﬁ&oéﬂﬁg’tgerli6?81%%§mret0tr91ﬂ%%rclfrmﬁwwn Frequently, 2

activati AR BERGRSs Y pifit, %ﬁ&ﬂﬁb@ihe R dﬂ?@&ﬁ%ﬁa@a&@@@s pronoter may
be joined with the operon sequences of another bacterial or

bact er i ophyge pr anRRLial fﬁroﬁﬁ)ttérrlg afly Y Q@&deﬁcéﬂwabfé BANRLS hadtbliaP RNA
Pat. No. 4,551,433, which i1s incorporated by reference herein]. For

exanpl e, pelyeerase apd onftatipg itke gowpsivep f%’)pirmﬁénptmrbﬁﬁtaefw@wquugw @fg

lbg'é h r E:rpfes chﬁrﬂ?{ g%'ﬁe)aﬂ% £ pﬁéﬁﬂ§%§g’gg§ﬁ%f t?%%cﬁpgloﬁ %grbgt;n[el%gla}{ Wil is

PROC. NAThualla@oed ﬁﬁllemal(tib%@ﬁ 8@1 @lthe cbding lwnmmee This baotceipiial 1mt1at10n
pronoter can jn tura curri r of n bact

b g n t Ko aOE R P 5 NA ST B A Bidhe pdhyREPasBRign Ste
initiateA bacpacpropbted Iﬁlay/hlsm&iaué alsbaona conkin daded &0 Opdrator Ot may overlap an
non- bact er. al &géfg can be, comg th a corrpatl glée RNA

pol ymer adgapet ﬁﬁf N 111 hefie 3 SYRiRedt Degdive The RBEAloRpermits
pr okar y0h@ganva'{-'a%uta?e@lt(ﬁfdhélﬁi@&@ns&? {RINCRPOEHRRY; ﬁt&@ér&ﬁ@ﬁﬁhﬁé}r §M§ E}%mpbﬁtor
an exanple of a cou pronot er” system [ St udl er ‘et al

Bl LL. (19@biheERy: uimf tfwwt“@t(?féq spectipy gre. [GepstituisaREprosgpn m(azg%ly in the

82:1074] : b

ract o ol AL e Gy b RO 1 ARl DS PIBNA R0 o
267 851) mabfic@:f}l]chileme@bwwgem a¢ityatpr fpt.:mgnlbmﬁurggsqgmrmi whickeidpesse®, is asnally
efficient ri bas 0 eful for th ressi o f
f or ei gn e ﬁ(énsla i pl‘ gl&ar V6 l}fmlerasi‘s%m%n:\% Seﬂﬁ T1CE. .z%'xo g}éam i(?l Cﬁeﬁe actfvagn
is call eqhdidaﬂ iShi retabltg acthatdr $Ia)telsqqmmoﬁuanﬂelpmﬁtMQa-mmqntmntofahe nn

codon (AT uence es i.n_length | ocat -

nucl eot i 8@%1 %sglf ﬁe(]:s i°Att ﬁ%’ﬂ g@ioﬁl‘f@h & GENE. (%j?lﬂi'ﬁ%éé?’]
(1975) Z@Zéglaétbd eiﬁhess&ia BEAURAEE IS ditha@Ualftive Or nBEBB] BelBby €ttt efflancing
MRNA to the ribosone by the pairing of bases bet ween the SD sequence
and the 87 regREHFARECIIRN 16S rRNA [Steitz et al. "Genetic signals

and nucl eot i de sequences in
[131] Sequences encoding metabolic pathway enzymes provide particularly useful

promoter sequences. Examples include promoter sequences derived from sugar metabolizing
enzymes, such as galactose, lactose (lac)} [Chang et al., NATURE (1977) 198:1056], and
maltose. Additional examples include promoter sequences derived from biosynthetic
enzymes such as tryptophan (trp) [Goeddel et al., NUC. AciDs RES. (1980) 8:4057; Yelverton
et al., NucL. Acips Res. (1981) 9:731; U.S. Pat. No. 4,738,921; EP Pub. Nos. 036 776 and
121 775, which are incorporated by reference herein]. The fS-galactosidase (bla) promoter

system [Weissmann (1981) "The cloning of interferon and other mistakes." In Interferon 3
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messenger RNA", In Biological Regulation and Devel opment: GCene
Expression (Ed. R F. Coldberger, 1979)]. To express errkaryotic
genes and prokaryotic genes with weak ribosone- 41 binding site

[ Sanbr ook et al. Expression of cloned genes in Escherichia coli",
Nblecular Cl oni ng;. A Laboratory Manual, 1989]. [134] The term

"bact eri &4d- Ho@i'm%}] bastratopRacgl lathprda PTe é$1IlmaIﬂI§$ 8 & DR THRBALYS) 287: 12 Heand
can be, 1@r ﬂ‘@%a@%@ 4 68@%6 2%hidh Hx%tequ{ L REOED h&%ﬁﬂ PGSR sfns
ot her transfer The term inc ogeny of thé ori gl nal
bact eri akish @SQVI@GISBM Immqt@rseem@eanest rSawgg gopeders,| such as thgAfepromotsd ntalyde
t he prog f I I t Il
conmp et e;ﬁg@@ 1 fndles Cgl% ﬁﬁgﬁod%%ﬁtersﬁ hlg%v“gn ERSHHIEE 6 ucl] lvg)%are known
conpl enmemnt thbsr. dﬂnedmmwgklﬂﬁah tImairegmﬁ 111((1&1:&: the pEmedaﬁﬂah Nn’vaglai hﬂxbtﬁaapEOP

nutation. Pro of th ell .that ar fi entl siml
T e narte S, i uBBRAR G5 it et Byt eibERse Pedin ol
the preseftgsstth s3stome bﬁ‘ﬂhd:edﬁgh e Y Qﬂﬁﬁyﬁdﬂ;@i@ginﬁﬁe ﬁos@%t}i@ﬁ%n@%rﬂ‘smg host

interest, are included_ in the progeny I ntended ﬁ his definition.
[135] Thé&elbuppidty ?frgf%wthémapmr% Y (Haxrash) iy angy eré'ﬁﬁtpé@vahméhe art.
pol ypepti des is known to those of ordlnary skill in the art. In

sel ect i ngt3Bhct er Imnpddién syRtbrticaxpmetsss whichyle Rosvrcenipgiagire #is) fingtionde
those sheyiet® HeMSierst NRE hihfle, &%IénbﬁtﬁI klﬁfvgt‘fbnb%ﬁer{c% TRhOBacterial or

capacity, low ‘proteolytic activit and overall robustness.
Bact er i abadiggdagy progwirsrmiy Yo aeiag sfithethe ro;;moa sequgnéast of abotlep hegesal or

i ncludin e h n

Depar t oot I PRE Rt Srefing §TSnpREh abAl pEGAGEL LS, B, S35,

Cal i f or nwéniqhBe hicehaeyatecn’;% refeagnde heﬂam}Armr Bnmnplél;ylpsetaepﬂomm{ﬁr 1{);0 hiteet inotuc
"ATCC' assas I ustr a maceuti ca

Conoral | P ERREEERBuisrbr b R Stbmpler RO LE PR SegolsibTo iR typgpe

bact er i alacdepicvsd [Afn@m Bt sit, rGENES(1083)Q25: Mﬁk Botheissl., firbal NS TRl &CAD. SCL

particul arl cause their. growth aralﬁ%ers%ﬁ e extrenely

ef ul
wel | knofyS §hg‘§?blbu@{f‘i SR St %CIeélﬁigP*toﬁ@éf‘é cag jug Gcunting protioters

pat hogeniye noBhGdlidl SricRMIBY Kdval thy abilBoit BAY bh@Era3 30eA Yool Mthrase and initiate
envi ronment al reasons.” O her exanples of suitable E. coli hosts

i ncl ude, UBRRCTIRHE@. ndt n3tiLeily @gourBng gramatersoipfongapterialDprig capralso be coupled
derivati yeg Jgﬁ%ﬁ%fole }!{Néaﬁb@)zrgﬁﬁse%gﬂg&@ I Olfevélpgf Qﬁ?ﬁtr&ggﬁ oqfsofnlaegenes in

present inventi I's a ro ease mnus strain
I ncl udi ngyokbptenot The mqtﬂdaphnge VRN Aandlym@Nse/prohetdnsgstemdekah esamlalp of a

may be o200 SouRlesRRSHAARENAS AL nElEl NAoPU oRGT el ] 910y o pio

PseudonzShds P’I‘)lﬁlg}eéssge eudofonds agrugrnosa,’ a donz §rias
puti da. P&ﬂuﬁﬂmzsawsumspmlﬂﬁu¢|ﬁna@mnmamlgbndgﬂn@maﬂﬂﬂa&bhammnpﬁ&ﬁkﬁa

is known, to be._ useful nant roduc i vai | abl e
for ther aﬁféﬂﬂpéa%zaf)@f’wr m%ﬁﬁfgtcds RPHRG. @e@w@b%yaﬁﬂ e’é@éﬁ?)a
PSEUdOﬁDEﬁé exp L.on systemi.ncl ude the system gvail apl e fro The
Dow Che n%hf’rf@l e tga 1on1gg prampEnSER iRy AT RACHRAT PR ng e

Vorld W geaebscfil @0 WMeCMlessibh SF ffPaik®REndNAS prokaryotes. In E. coh, the ribosome
binding site is called the Shine-Dalgamo (SD) sequence and includes an initiation codon
(ATG) and a sequence 3-9 nucleotides in length located 3-11 nucleotides upstream of the
initiation codon [Shine et al.,, NATURE (1975) 254:34]. The S sequence is thought to
promote binding of mRNA to the ribosome by the pairing of bases between the SD sequence
and the 3" and of E. coli 16S rRNA [Steitz et al. "Genetic signals and nucleotide sequences in
messenger RNA", In Biological Regulation and Development: Gene Expression (Ed. R, F.

Goldberger, 1979)]. To express eukaryotic genes and prokaryotic genes with weak ribosome-
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4,755, 465 and 4, 859, 600, which are incorporated by reference herein,
descri be the use of Pseudoinonas strains as a host cell for hGH
production. 42 [136] Once a reconbi nant host cell strain has been
established (i.e., the expression construct has been introduced into
the host cell and host cells with the proper expression _construct

are isol e sifhEBatenthrtrini E%%Sﬁw%@rf |010§@¢ &r95i18 Fspharnghigdolinddplecular

condi ti OF@lonﬁE:pA%ér%gymﬁuﬂﬁ@@g})tl on of the polypeptide of
i nterest. be apparent’ to one of skill in the art, the nethod

of cult urﬁS@]f t hqll'é?&ﬁmaeéﬂﬁl H¥QBor 68 el Ec?s't Belpd 1]efer§3fc3 9&@%@%&: & be

the nature of the expression construct utilized and the identity of
t he host mdlah bedRe sentibisrmrecipidnd §or rseanaliingnt yecion o wier yrapsfent UNéd Jde ngm

met hods t, haﬁi}% fRe é)ro%%m}K %?Vme ﬁ%iéplebﬁfeha% h@?%%ﬁ*%h&%% Hr%g]? té]’ﬁ.ﬁ%’l‘,(!téd ar & i

typically culture m cont ai ni ng assi m sour ces
of car bonndaistobdghat, tharjﬁlogenprog?msmg]sajat@tzartdll mq{;t nonat¢deysariobe asmplegly

cul tur o SOTDFEBASDRABRRCT B SRRE Bl e f P prent due

Li qui d negdiagcifi@fial Gulblbceat®nuh@ish. PeigkSy SBYe gﬂten@n@dnl YatleRe bdfiiently similar
anti bioti cs or anti-fingals to prevent the growth of undesirable

m cr oor gaRitRGRSIEh Y B © wasﬁéﬁé%‘@éfhﬁ ELFRaT RigPerhutuchee the iptease ¢lg nucleotide

anti bi ot 's%éléu@e SBRE&RELe Ed&%‘fhﬁte%f‘tzﬁé rlhélﬂdédhﬁ‘l theX Bfo%&?j @Ahtended by
vect or. Reconbi na ost cell's may be cultured in batch or

cont i nuodbls Ames, with either cell harvesting (in the case where
the polypeptide of interest accunulates intracellularly) or
harvesti nd3df culfbaseediperfnutaie hashbastariader gareshion ol pelpsntidesis known to

formats. r t ok I

ol I har vASE ofREBAUE AN o BEP S XBHGL BRBaE bt G BpfeleiGl shitife A

t he pres enay imingénthon sbopand httee iigeneid, cgocobdmmsfqnabmmmfon protte bw
bi osynt het | c |ne anpl e el ect codon

> ool tue el BRBELY s Rl ARk Eed BEUET e R R R i
i ncl udi ngvabigty BDtsohced twtudig, 1an ﬁd‘tbﬁﬂmtecbadpfhe( BAGErialatenaitr Stogl dOhter,
or an opal codon an u cod \ 0 e (0 r
codon, a PW@H@B%% PysEh gn @1 V(?fS“éféﬁlilé:éf gamlefﬁé gl%éﬁ%énd
intr OdUCGtHe WRleBomh THRIOIRE 08INRLIOK Sﬂqlomw@ld&%éééeVA? ThdustA G hAmArBht®al
two or nore, three or nore, etc. | n one enbo di rent, the nethods

i nvol ve tlhengmssiopfecacrally gaq brcteigl éﬁl‘feﬁaffom K srgnnfe.o.cWAbH)foriTamacteria
i ncor por afelof f}BmaB SEHRGE ]%dBEHIn) gh A% Hain€ o p edéf}'tlﬁtaﬂ[ Bleafd0HGr crowth

acid, in vivo. For exa RNAI's produced recogni ze
t he stop modoerande |e$tra;mlmo*alclilliam)efd byl ramstO- RS adilitiona tl@@é: etrhiad aagimo-

e T SR T R b AP I AL R PR 0. ot
nut agenesdxsmpks of betabledd cb hooit fnothde ehut bre 1ot pited thy Etratzs b]‘hBLHJ D108, or
I nterest cienvam%s tl%(a?eo‘%t 11%1 %llgjlell errlrtlb%rd?rgetmt o?‘f:he "methods of the present invention, the £.
coli host is a protease minus strain including, but not limited to, OMP- and LON-. The host
cell strain may be a species of Pseudomonas, including but not limited to, Pseudomonas
fluorescens, Pseudomonas aeruginosa, and Pseudomonas putida. Pseudomonas fluorescens
biovar 1, designated strain MB101, is known to be useful for recombinant production and is
available for therapeutic protein production processes. Examples of a Pseudomonas
gxpression system include the system available from The Dow Chemical Company as a host
strain (Midland, MI available on the World Wide Web at dow.com). U.S. Patent Nos.
4,755,465 and 4,859,600, which are incorporated by reference herein, describe the use of

Pseudomonas strains as a host cell for hGH production.
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e.g., Sayers, 7.R, et al. (1988), 5 -3" Exonucleases in
phosphor ot hi oat e- based 43 ol i gonucl eoti de-directed inutagenesis.

Nucl eic Acids Res 16:791-802. Wien the O RS, 0- tRNA and the nucleic
acid that encodes a pol ypeptide of interest are conbined, e.g., in
vivo, the selected amno acid is |ncorporated in response to the
stop coddfPtlo gi YEoa 2gErsrpRiptnidiost edheiEthibay beseciilishaded carthh Sxiession

e.g., an WpRakuhal bR iRBodetd intdlind A&t %Ql?ﬁh& 'hgéi defs 'vsllﬂhoﬂﬂe plrébel @Qﬁiessmn
enbodlnent of the present invention, a stop codon used as sel ect or

codon i s canstagbere iwdaleh, thnCecoarinast hest oplal stigid én culaad lmer conditions

e AR A . g e

O t RNA t hmtherat d@n'mziesd aficdpaé of thel momngem:tst colcamién will bhiledendshGomtic

o ore SRk hlR e RstnT EoREeLn IR Bah iR SRR S Y 8t p S Apinant

abundant Hoetr @lr&lﬁé 00 wirgany . cllth4d] udihg ma@eammt ienvwefl Bedwacttedihe art.
am no aci ds, e. unnat ural am no aci 3 in vivo_ can be done .
wi t hout éiegwmme&nlﬁosbée% At PER b cuted b diauidemediup, pordgiging) gssinyilatable

non- eukargy@lbLor G@dns mtl%ﬁ&h a%ﬁ 15&%%5 beﬁ*t@ lafd C&Hu'onalﬁﬁ %&H&%ﬂghﬁtamms amino

suppr essi on efficiency for the UAG codon depends Upon th

conpet i t iaghsberondle fagipris, @d Fzrtiw RIOfpinacece calﬁwer SEpprats bﬁrwerm thegg gof
the rele ) 1Rk Ny

ot o et iteiofel) N RO ohfnh 1 (oL AR ARy Bionally conten
suppr essiaptibiefidsi of enmﬁu@h e praveutl it egtowih, of ugdesueblt hercroqrmws plgor
ggeRg)ipr g;éﬁpgunedﬁ ndl Ttldué% but Inr?%i %fl&%’t z}ntézglé)gﬁ egeecg ?rjr %OS élls Lon ammcg the
suppr essieapreadidi wicency for the UAG codon depends upon t he

conpetition between the O-tRNA, e.g., the anber suppressor tRNA, and
a eukarywsic r eReecsﬂbmaﬁthmt ¢ellsgmay eRkplnfredic babh rmds:ohﬁmams tfamats) ckath

and initiates r ase .of t.he_ grow n eptide fro i bosone

uppr essi SHTerry CRAREyTE alit ensath AN By PHPPOS (o HSRHG e Isis
expressi Qﬂtr*lc@ﬂlﬂbrl}@f orQirF¥An g @F Gulturk RBpGHIRT 98 Stherd BN of ddkinuous formats.
Unnatural_am no acids can al so be encoded with rare codons. For

exanpl e, Fepaipdugtion inprilaivetic Bovicalin paeh Gwurerrngell havest fes pefsied n
synthesis reaction is reduced, the rare arginine codon, AGG has
proven to _be efficient for insertion of Ala by a synthetic tRNA

acyl at ed i) Nxee, e. g., Ma et al., Biochem stry, 32:7939
(1993). Im3gjhi S SaSeor btRns SY HehPisk A SAMAY 8% Winbi &dvon Takdsvatl o
occurring tRNAArg, which exists as a mnor species in Escherichia
coli. SormEclERgARREREGEmarkitertis §oRFFaMPIG, Biseieciebersid Indkpesnag st yrighe three

codon AGA.idcddbdl &ﬁ&ﬁ@&% U3 dbi LB a RSP BEY ﬁiciddi_-’n%qﬂt bt 1iRHEd td, Qﬂ' af?lt) er
anmino acids in an in vitro transcription/tfanslation extract

e.g., | Caodei (@), @hiovkne,coflrslor anebdl cotus(UGAb au 885 turph gglpy, 2 four " bace (or
Co”pone”tlﬁoz%f coEiQI‘? apl &5&Abn | MYEMLLh GRS 9806808 @n B8 St JAES& into a

rare codons
desir ed gene or poiynucleohde, e.g., one or more, two or more, three or more, etc.

{139] In one embodiment, the methods involve the use of a selector codon that is a stop
codon for the incorporation of a selected amino acid, e.g., an vnnatural amino acid, in vivo.
For example, an O-tRNA is produced that recognizes the stop codon and is aminoacylated by
an O-RS with a selected amino acid. This O-tRNA is not recognized by the naturally
occurring host’s aminoacyl-tRNA synthetases. Conventional site-directed mutagenesis can
be used to introduce the stop codon at the site of interest in a polypeptide of interest. See,

eg., Sayers, JR., et al. (1988), 5%3' Exonucleases in phosphorothioate-based
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44 [ 142] Sel ector codons al so conprise extended codons, e.g., four or
nore base codons, such as, four, five, six or nore base codons.
Exanpl es of four base codons include but are not limted to, AGGA,
CUAG, UAGA, CCCU, and the like, Exanpl es of five base codons include
but are not limted to, AGGAC, CCCCU, . CUACU, UAGCC and
the |i ke.olgoruskofidedieged Weﬁaaer@%sﬁﬁg_é;&éém é@&%hé%a‘é@anéw O-RS, O-

franmeshi fikNaURRINES 8 98e acil At eBEodBPE ﬁol?ﬁ@ﬁid@ Qd OGS art dofiteidd, e@ (ih v1vo
one or nultiple selected amno acids, including but not limteéed to,

unnat ur althapdlestedaiings acidrs dncomeraiedisn j5PRIMES 9. thF@WPé’J@é%F%gWﬁ A rtoheoepude
presence EB% e | 5 r
t RNA' s, V&B{lﬁ%m?#tﬁ%: o% oopsﬁmg. Q a Lﬂmﬁﬁﬁﬁ % >6 %C%ég e%@gﬁ)

(where n=ip ,enﬂah@m‘mwi thc preserg niuasEom @dtop dodon eafd as sslenigh eodoams Ao amber

aci d. For_exanpl e, e SEQ.ID w06, 12 fr
Ot RA < P DB P PR oD e BT BB P SHPEY o Barenpemple
][he ant i ]Emidﬂlﬂ) {m&ag&l&ogﬁmdﬁ,anﬁmﬂcodoa,tandlsg@.SEQanN@l’ Flfasen @}Qﬂ@iﬂe ofadn
east a e codon, or ast a six se C nore, Sin
there ar ﬁ@ﬁ‘kﬂ“@@%ﬁ‘? "Bﬂés‘:BS dOrESRelf ¢ %Fﬂw’%éf%nn‘éggrf&}d YGhnge e both
aci ds Carim&ﬁa@@%@l@&ér bdont 8 n8dR B2 hhindSichi x@hli@}bi%sewm?%@oé}ﬁl@ ®onsense
codon. See, Anderson et al., (2002) Exploring the Lim of Codon
and Anti ¢otih Udid.avhighis Siespesf ahwuiaﬁitm@a}wng@sb 244; Magliery,
(2001) Ex andl ng the Genetic Code: Selection of Efficient o
Suppr essd#40]of ng@ Igggerdwicselagd apdem eqifs, et wiaigral egipg agids, in vivo
Four-bas idRbar e

eceu‘;go w%ﬂcﬂlt gxg{'x [fQAfS]p)é 0k ﬁcﬂfa&ﬂ}aé RodEE Eblcel%'aﬁ)l %thnt)ﬁ%ukaryotlc

Bi ol 755- 76 exa four-base c ons
been usedcln supl of pochtr&hion ned, ulmausanﬂln@upm@assd:m aﬁmnpy dorethesUdST ngdon

ot OB BTEE B oF ol ok g

121: 34. @Macté&(I—I(RE&IS (ehich &thds @ the A ammwaﬂ ynifidtesneipaseaifehe 010w1ng

2- ht h | d. NBD .d t to. st t avi di,
2, napht gl ke aod oo, N y oy arere einissh ren 06 pproLdet Sk gither
See, e. J.incrédsPisiit GapRLsicd laveI SDORHRNA, AN th@ﬂ%kes%ctmwﬂ-?&- de2dddn RM

an in vivo stu%, Mbore et al. exam ned the ab|I|t of t RNALeu

deri vat i WeScigrisHaRCUA sakiveliesile buasssipr susrestnariciasn r(the $H¥G pedon
U A G d@ﬁen@ up@me fc@;&lﬁ%ﬁo‘ﬂ%ﬁz@é&ﬁ HIOARMRAL 8Ly WAGHGARuRRss0E68E8 bl
a t RNALeu w anticodon with an eff’|C|ency of 13 to 26%vmtnh
little @élé@mtw@;eieﬁsetfh@on(eeg <REF) {(whivh birge o a Mepreedest angl mltla(ez@ci@e)se@fthe
Mol . Bi ol .
rare codgﬁc?wég %nlg)tﬁis%eﬁnilg t@%gg%sgﬂgg%%m%& %%l?%\?g%?]? on, dob?a &
reduce missenssg theagtdssion tfvelfd®-RIAeshi the ssppesesBNen at ot her
unwanted sites. [1441 For a given system a selector codon can al so

i ncl ude dhd]of t Wenstatalizrainotakideean dda:sbe @mddmlswiﬂvﬁmear @)dbime fendegepioushen

system d?hes not. use rarely uses nat ur al
€ arginifeg conc ratled 1 ¥n 13 S3o plO ein synthesis leao ton 1s reduced, the rare

arginine codon, AGG, has proven to be efficient for insertion of Ala by a synthetic t(RNA
acylated with alanine. See, e.g.,, Ma et al., Biochemistry, 32:7939 (1993). In this case, the
synthetic tRNA competes with the naturally occurring tRNAArg, which exists as a minor
species in Escherichia coli. Some organisms do not use all triplet codons. An unassigned
codon AGA in Micrococcus luteus has been utilized for insertion of amino acids in an in vitro

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

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

vivo.
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45 codon. For exanple, this includes a systemthat is |acking a tRNA

t hat recogni zes the natural three base codon, and/or a system where

the three base codon is a rare codon. [145] Sel ector codons

optional l'y include unnatural base pairs. These unnatural base pairs

further expand the existing genetic al phabet. One extra base pair

i ncr eased¥He nuBlFior 9donf RISP SPMPHHTCIHEG GPdmS 102 -1 Y OPRGFEbasE sedass,
third basgepal FSurl R6d, ufleoShaklBseashong! Eiféﬂl%ss ﬂﬁﬁﬁbd@@bm&g inclyde but are

efficient enzymatic i'ncorporation into igh fidelity

pol yner asw! limaind tq, HeGEAS CUIAé-htU&@ﬁt CRGEH apd itreelfkee iiampios wl dive @ase codons
synt hesi s t

unnat ur alméég%eeﬂ% aﬁ%&mﬁ}tﬁgﬁ?é an e ag %[PaéCUc :%g?Ap tdI%&%U%AGGC and
conposi t ithndike.i rﬁctt‘mtt&a neayginglublp msiog eetenddd codoRO0B29ed Am framedhift aﬂzpplaaslen

pair for incorpor am no .acid analo nto protein

B ot echndloBbgt Bt bt brBh: Ry g 0Bk A ol 8Pl S gish hgliag pue
Chem SoGiot kidded 40 2nadldeBaninOabias, 1ﬁt@|tﬁé/§a§ﬁe RoRld gak ieRfifiplalia thd steflce of
bel ow. [146] For .in vivo usage, the unnatural nucl eoside i.s nmenbrane

per meabl éAd SRS plopyPe drpssiiE sHPRRSOL Br¥A SpBHk pRgrodon loops, c.g.
tri phosphgties CJUg)é ddiviiaQQ seqh&ﬁ;e '(ﬂﬁél@ asef 1686t diGnork 'Bgéérc%ﬂ %rfeddsas single

st abl e and not St royed by l'ul ar enzymes. Previous efforts

Benner arﬁ@illnf@)@qil‘érgoﬁf@@mﬁlea@@mw&s Ry b Geye® HoHBDHeR(6a el ﬁh‘aﬂlat
are diff i t
not ewortﬁl%/&%’])i<uazE o@iﬁﬁ. c i s t e&?ﬂéocgi}l g’gﬁ%ﬁdcw&l lggﬁsrém dgb@edenpg A
Swit zer deasah fom—@&.@&@)ionl at lAmt a@vemaswdon, oillﬂle&%zzzx-laiadcﬂouwr miokd. i Siate
al ., (19 3: 33, Kaool. (20 Carr. i.n. em Biol. .
2 602 THAYe BnekCeoss Bl e E st FRRle ihicy Bl oS Fhn B Shegpec in
bases andhe¢ smmotelbesigNz Yorator Gadre yasreemﬂbm ateq] .Aridebn andl., OO IFkeL B the

denonstrated that hydrophobic interactions b n n
opl ace. Hytogohoabi NG s e hdusry ad Biaitfe o iR AREias 00
Keel , ( ZQQQ)ZH Fhre @)ieﬂe C@B@mSeﬁbtﬂJn (\g{ E]ﬁa@%@?ﬂéjs&%‘%}qﬁ'@ﬂ @d}g d%R8hs and
(1998) An em hit. Ed. Eng n an effort to

devel op efaﬁiﬁ@mzrca‘ Shifge nyaﬁba%?a@q@ﬂwﬁé aghiprarhdraisede i euwhedieenls L
Schul t z, o-wor kers have systematically synthesized
and studile ”gﬁ}s?gjrol@egﬁ; 9tCJnnatur al hydrophobic bases. A PICS: PICS

sel f - pai rpy fou t I r

be effi C[I% tly ?ﬂ%rggaﬁ%ﬁ at eg@%&g@h }E!?/Q bg%%\%%aft?gggﬁg%&% @ o
Escheri chicalsciold pDX#Enp akipgemasiso bioeym)etic:s@etho@s g.5eeMeld, nMaeet all.,. (1993)

(Ar1n99ae‘r]n 1A%cc;rﬂemq%;e¥m32§§§94 aui%w% 1]99?} T Qavengl &l 1 1(3,30@@23% and

KF with s&Glchenayedandinsdlaeatishyi 1t1<}011$drf1ﬁ3 i2etaphthyfatuninei aﬂﬂ@gﬁ\ﬁm derivative of
function.

: awa et al., (2000).J. Am _Chem.. Soc., ,
5 bhos Ryl R Baubt vt vl ARV oy B O Rgprkgp FRRYAS.
replicatis..f AYhaARL «CQNA(BODY MELASEhdhaSdegant Nepent ey elwsatudyhBloore
can be used to replicate the PICS self pair. In_addition, a 7Al self

pair can %é‘lr@"ﬁ}m’éf&t B9, abggy, OfeiR@IALeFa@elé’@tW?il with Nglg4) anjicodgns torippress
Soc. 123Jgéﬁlgcoc’f%‘n§](?NQanrﬂ%t @,l lA?Q?,Scﬁ’ @ﬁ'a‘hd Phid ’f:haPﬂle &@aﬁn@heﬁ cUzQ@ﬁ”aan be

decoded by a tRNALeu with a UCUA anticodon with an efficiency of 13 to 26% with little
decoding in the 0 or ~1 frame. See, Moore et al, (2000) J. Mol. Biol.. 298:195. In one

embodiment, extended codons based on rare codons or nonsense codons can be used in
invention, which can reduce missense readthrough and frameshift suppression at other

unwanted sites,

[144] For a given system, a sclector codon can also include one of the natural three

base codons, where the endogenous system does not use (or rarely uses) the natural base
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46 devel oped, which forns a stable pair upon binding Cu(ll). See,
Meggers et al., (2000) J. Ain. Chem Soc., 122:10714. Because

ext ended codons and unnatural codons are intrinsically orthogonal to
nat ural codons, the nethods of the present invention can take

advant age of th| S property to generate orthogonal tRNAs for them
[147] A tPE0Ts I .%Wleﬁyﬁa%@% 2 syt Mt Brieckites 5614 Bebreppenizes the natural

I ncor por af;@e Base @h&GL 8K/ HRtenAFhdle 18 tes bARR coUMARE HERL AP0 acid, in
a desired pol ypepti de. In a translational bypassing system a Iarge

sequence [is]i NSektRekol BN PEABIRULHEE AQtnkdians! aaﬁsd 'rHés% 19]519&1&'1 Base
The sequence contains a structurée that serves as cue to induce the
ri bosome peEs fisfeowaand He exsdiga epesbic alrbiabess Kie extmh@h aztm GRCTERS NS m@zamr
of the i (o) 4

o, e IRy ERGTEN D TN 0 00 A0 5 L e
occurr | ngaaswpmmg afficiknd enaynnzét mcafpomnmta(ﬂm wﬁthnagluﬁ@diityb@@@urymemge

am no acid,i.ncl.ude e .of the, t enetically encoded

21 bha- amioHd MR ST sPRNRE Prisher piRion SRerpgr el Gaspe REHgE pese per
cyst ei ne,Degbrijitiant 0€ ungdtabbhe Res dvhigl yachl Eleﬁaddijteﬂt fol st 0 ds el @doBIpBSitions
| euci ne, | )iSI ne, rret hi oni ne Q{g?e yl al an| ﬁa prol i ne serine,

t hr eoni ndllgdey §tgopHER: ftfyarleé% Fal el al jasg i Eivosarmertingtweno acid

sel ect ed (ﬁmogﬁeseiﬁl'o% b, maﬁ@gscﬁé&ﬂolbm Qoq 791199 Ree Ql%?mptv dg ¢ h@bm)
W th elit e%f? reatert han about 70% effi Ciency T

gi ven sel&@a@l@&gﬁ& 1@6(2@&14 #0- Qharrciesert epblicefieniaye figed beivien

sel ector codon, at greater than about 80%efficiency for a given

sel ect or [&don, &er QIF@&Y%Ps%gﬁaﬁlea%@ﬁfﬁ%c@oﬁlﬁ@|1éﬁ@°§m’¢fém acyhspbly and is
sel ect or . t 10| of gl

sel ect or p(ﬁQ %&y la%d toggog%et?ét H%O@tﬁg 5-5%9/{911?{; f |]g1| a?rgligﬁl&f g?e iglclglhg\ég%enetlc
sel ect or m:bdmhoﬂoss stablegnéao@destmd batzelnla08¥ymes. Neaons éﬁfmsdrw@erm@:rand
et or's T Guahy ok e e i Mt R0 SRR R e BRI A B T B
anal ogue WitherCtitlapaissethe lmmyﬁcttewmmmdmpre iywihiadl iy Hierigo-arico-Cheair. See, e.g.,

ar gi i no S EBRPL GOt e Eoe e 4D LR ES SFGHA el O DA Rl

acid, glyasne, demsﬁtzod@)r@m IgRh. YeinNBioll 8402 Mehese bist ﬂlegenei%l Rii @B Bsome
phenylalanlne ine, serine, thueoni ne, trypt ophan, tyrosine,

val i ne. dveree getenstural ppsretaid capnotdie enzymatioedy ieplicaied i Kopl sk eq-aowkars
by For nu'd@m'onsuate'd 1@3 hyg%lgc‘)b{gpackmg interactions between bases can replace hydrogen

bonding to drive the formation of base pair. See, Kool, (2000) Cutr, Opin, Chem. Biol.,
4:602; and Guckian and Kool, (1998) Angew. Chem. Int. Ed. Engl., 36, 2825, In an effort to

develop an unnatural base pair satisfying all the above requirements, Schultz, Romesberg and
co-workers have systematically synthesized and studied a series of unnatural hydrophobic
bases. A PICS:PICS self-pair is found to be more stable than natural base pairs, and can be
efficiently incorporated into DNA by Klenow fragment of Escherichia coli DNA polymerase
I (KF). See, e.g., McMinn et al., (1999) J. Am. Chem. Soc., 121: 11585-6; and Ogawa et al.,
(2000) I. Am. Chem. Soc., 122:3274. A 3MN:3MN self-pair can be synthesized by KF with

efficiency and selectivity sufficient for biological function. See, e.g., Ogawa et al., (2000} I.

Am. Chem. Soc., 122:8303. However, both bases act as a chain terminator for further

replication. A mutant DNA polymerase has been recently evolved that can be used fo
replicate the PICS self pair. In addition, a 7AI self pair can be replicated. See, e.g., Tac et
al., (2001) J. Am. Chem. Soc., 123:7439. A novel metallobase pair, Dipic:Py, has also been
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[ 150] An unnatural amno acid is typically any structure having
Formula | wherein the R group is any substituent other than one used
in the twenty natural am no acids. See, e.g., Biochemstry by L.
Stryer, 3a ed. 1988, Freenman and Conpany, New York, for structures of
t he twenty nat ur al ﬁm no acids. Note that, the unnatural am no acids

of the pris¥dfred; HHERIBI » LAl Bt wnep Gisling CYELuP TS NFEaBHBotinGL008) hekm

than the dnaeninc alphagan NBe@tbd sxiBRRY @odbrkokll BREAHS @oIAHG ét@ nﬁfmgléény
am no aci'ds of the present invention typicall y differ from

nat ural athagrnatiodstua] opdens, teeneady of theepresent ineensipe earclalss ﬁdvamee of this
unnat ur al (gf;g : efjﬁe ér‘ﬁ{é:@bmﬁ[@{lqgsl?&’%ﬁ& w th other am no aci ds,
no

i ncl udi nd31 nat ur al unnatural, in the sane
manner i ich t t.e

e ) S R SRR Ry s v
di sti ngumsid blgermftmmutd’nannach amd maarﬂenned@@iyqbspndéorlnea(amrpsﬂze],onﬂ bypassing

F | I k
o oot 57Ty J0Rh 2B g b, B ko appa b b R i plqtein. The

ether, t mb@iencesahmm a sgudthengiht- serve @ al @ HaRQRAERs rip6¥0&1N0, hop over the
phosphorl c, phosphine, heter ocgcl ic, i mne, aldehyde, ester,

t hi oaci d,SSHFAFGRIrERTIRdTanslatippdo “&ﬁﬂe*’c%Q&hF KSeTU8P- any conbi nati on
thereof. O her non- natural l'y occurring ami no acids include, but are
not |imteg 1 AnoPhotoacti vat abl e

cross- | i rked A 2 c-d uorescent am no acids,

met al b|[n4i]]ng amsnme@heﬁm armhaﬂedcmﬂﬁcaadid A€feiB N ROy Aesiftd, naltL&dlll}Oaﬁium/r%
am no aci ds, am no acids, wth ovlgtn %&nlpftl onal groups, amno acids

that cov&PBmt £S9 oF “REHERY HPEARee QRCFHNE EFEFC i elisies any one of
phot ocagegk anshPzeRitRh SACHRIE] Z2HaQnBRd @adacmiﬁne EiNMe A8dpdfagine, aspartic
conprising biotin or a biotin analo ycosyl ated am no_aci ds
such as dCKlgapteigghshitanined ghiamipeact tﬁé@me,ch%%ﬂf;ad%sake‘éc%d}eﬂfléﬁ lysine,
am no aci o [ o ri

ol et hy 1o R o RRTRL VY In e
cheni cal Iemb@ﬂmmabh@selwbﬂﬂ/ @mnphgltda@lne:ammt@ﬂ i m@lcaunzisolyamﬁdo chain dgth
o ADRRISE o8, SRR ISR SHeh o AR s RIE RS, B
i ncl udi nghdiT5% effididntly tfeda tg&reng;ebaﬁnemdolnamt @‘bﬂﬂl.t than abouy @&t eﬁﬁctelnay\ for a
F otdox. act (8 St TRt SR En ko G A BPh et g0t i
anmi no aci Gt iR bisdul POONEfMientPIEer h Grict RO Yodeat pidab®,thdd Sout 95%
Pat ent Ap | ication Publications 2003/ 0082575 and 29)03/0108885 whi ch
are i ncorpracEdony sven selranterdenr @i 1 8t dhan MoULHH A o MarastiifgpeR e

a phot oacgt“;eyl%g@pfbpm%gss linker that is wused, e.g., tolink a
protein to a solid support. Unnatural am no acids may have a

sacchari qgq9)Di elxy 1%%&%%9 &rpuﬁﬂ!ﬁm@lnhﬂf?loa&:ﬁcg ré}bl@%cﬁ@l ﬁmné%cidléﬁ&dlﬁéa

addition to unnatural am no acids that contai n novel de chai ns
unnat ur alamipgriagid, eic pasoataid 2pdesusnethérythen ﬁﬁpﬁl@ﬁstﬁm@haﬂd@ﬂ prEelyBispand the

structur efgl’lo\ging't’weﬁﬁ/ 'gln{elﬁ%ﬂﬁteﬁgdgy atl};h%—amino acids: alanine, arginine, asparagine,

aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine,

lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, valine.

The generic structure of an alpha-amino acid is illustrated by Formula I

|

R

A

HzN CoH

47



structures of Formula Il and Ill: Il R z /1\ G141 x 11l RRRR
HZN' ' Co, H wherein Z typically conprises OH, NH2, SHL NHR, or S-R
X and Y, which can be the sane or different, typically conprise S or
0, and Rand R, which are optionally the sanme or different, are

typically sel ected fromthe sanme |ist of constituents for the R group
descri bed 5Ubove AgFmgiEsl arie: arihis BREHY dYisHYCRENHG SRS e d Whegain the
wel | as ngoﬁﬂ%anfﬁﬁstﬁﬁémaﬁ%r thaH%Béhk@daih tﬁéﬂv&bﬂtﬁ&‘a‘uﬂ«ﬁl dBHo %&'&Pr KSE€ e. g.,
substitutions in the am no gr carboxyl group as | lustrated by

For mul as 3rcvchamrff111|bbf L. Stmve ar atl- %ﬂ%nﬁrea@ﬁmncb(f?ommnsc Nowel arichusaictisest of
are not ,

o am not At fu Sl SSANGE i, B dh DRSSy acds o e present pyeutieg
comon t wembynaiatally atcuamigmengondds alter tirmaheivahtysilghe-aniao adds dhave.
addition, substitutions at the a-carbon optionally include L, D, or

a- a- di sub]sili]t ut etbeeaniserthe w@oitds] smato as‘;ds[bfghmpramt aveldical tapicaisy, differ from

D net hyI i ne but r| C and the |like. Oher, .

ot ruct ur 4 SAea Ry 80 P e sy et af s Aepobe SmerelShine sifn
anal ogue&n@@e edh watd otlr afhindBacidé, indludathud norakiesias, taniel dfuahithel, in the
anal ogues, (3 and y anino acids such as substituted [3-al anine and

y-ani no BERy rRAnE: iy Wilohs ey \inforRida iy PRIl F6UABE JOISIE. HHEWEY SN the
natural aghAeafshd, ackldHivasidt Yhasi grf'&tps tHs dﬁlﬁ%liﬂ?’@heﬂhﬁ&ﬁltﬁé AL amino
and the |ike. Tyrosine analogs inclu par a-substituted tyrosines,

or t ho- sulBgieit Uicsdxeyplss Rnigstoramip ﬁ@m saphirisp tapt By 1t. yardlsi 4k, kelheragidy-,

t he subs d Ry 0 | r (Lipgl t ;
i toq CoriRE IUHaRBenE PRREL BERaAcs Shibafl AREILAE AR, s 0%y
hydr azi ne bozate, Hapdmmkwalhpspéao ahqsphcmo ghmp@neah@anbﬁ,ﬁy, gmcanupmam, aldehyde

i sopropyl [0 C20Q straight .c

branched eﬁtfllg rﬂgggdrl%%ﬁ le1%1}{hpglmt1 ur arfnpﬂ %lﬁ‘ﬁ r%%( Sx%ragifeamﬁ%?%@?%ﬁ Og]ﬁr not-
0- net hyl ngiuedlly, oceuipink y:@iihe neids (iltqh;deabﬁﬂ e uog Lioiied tQrarhiie acidk @ombfising a
addi tion, 1rrul t Ig substj.tuted. a;%l ?Igs are_al so contenpl at ed d

Ghrt ami n& 1%1%1?68? N BIC RO PRIN-JOEIe o f TP i e HUGTesEEm PR yacids, metal
derivati \bﬁﬁlmgyaﬁiﬁlasatdldsuEr%ﬁhlﬂ@zitbﬁdﬂigl MBBo Y] tadicdedvevahing &RidsaMino acids
am de substi tut ed | ut am ne derivatives. Exanpl e phenyl al ani ne

anal ogs "ty neyel Tupgiongl&oynst aminp aeide that @V%&%@Wﬂwa el dnteract with other
phenyl al %{Hé&%ﬁg n@{ottctﬁg Lﬁﬁ%ﬁo‘r\?ﬂ&t@ﬁoﬂ@ﬁ ﬁl@h@ﬁéds ath R & com gmsmc biotin

substitute ala i nes erein t stltuent conpri se
hydr oxy @gr @upo‘aa amt@}pg@(ﬁlycosylated amino aclds such as a sugar substituted serine, other

carbohydrate modified amino acids, keto-containing amino acids, amino acids comprising
polyethylene glycol or polyether, heavy atom substituted amino acids, chemically cleavable
and/or photocleavable amino acids, amino acids with an elongated side chains as compared to
natural amino acids, including but not limited to, polyethers or long chain hydrocarbons,
including but not limited to, greater than about 5 or greater than about 10 carbons, carbon-
linked sugar-containing amino acids, redox-active amino acids, amino thioacid containing
amino acids, and amino acids comprising one or more toxic moiety. See, also, U.S. Patent
Application Publications 2003/0082575 and 2003/0108885, which are incorporated by
reference herein. Ummatural amino acids may have a photoactivatable cross-linker that is
used, e.g., to link a protein to a solid support. Unnatural amino acids may have a saccharide

moiety attached to the amino acid side chain.
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group, a methyl group, an allyl group, an al dehyde, an azi do, an
i odo, a bronmp, a keto group (including but not limted to, an acetyl
group), or the like. Specific exanples of unnatural am no acids
i nclude, but are not limted to, a p- acetyl L- phenyl al ani ne, a

p- pr opar phenyl al ani ne, O nethyl-L-tyrosine, an
|_ 3- (2- ni};ﬁ} hyI ) & éﬁiﬁrﬁ@n [CY ugnqtﬁg@hg,lpm}g |taata<|>gnﬁaén noyy side chains, umatural
0-4-al I'ylmhind é’(ﬁ&sdlibeoptfénéﬂypédﬁ@ﬂse biddiedHaP&ond structures, e.g., as 111ustrated by the
tri-O acetyl - GIcNAcp-serine, an L-Dopa, a fluorinatéd phenyl al anln
an |soprdﬁyﬂmwsgﬁ@ﬁywaiﬂﬁnﬁgl p- azi do- L- phenyl al ani ne, a p-acyl -
L- phenyl al ani ne, a p-benzoyl -L- phenylalanine, an L-phosphoserine, a
phosphonoserine, a phosphonotyrosine, a p-iodo-phenylal ani ne, a
p- br onophenyl al ani ne, a p-am no-L- phenyl al ani ne, an
i sopropyl - L-phenyl al gdi ne, and a p- propargyl oxy- phenyl al ani ne, and
the |ike. Exanples of structures of a variety of unnatural am no
acids are provided in, for ei%nple, WO 2002/ 085923 entitled "I n vivo
i ncor poration of unnatural Egﬂgz\acids " which is incorporated by
reference herein. See al so Kki et al., (2002) Incorporation of
azides into reconbi nant pf%teina Torcheni osel ective modification by
the Staudinge r ligation, PNAS b 19-24, which is incorporated by
ref erence herein, for additional *ret hi oni ne anal ogs. [154] A
non- nat ur al anino acid incorporated into a pol ypeptide at the am no
term nus can be conposed of an R group that is any substituent other
than one used in the i nty natural am no acids and a 2d reactive
group different fronl e NH2 group normally present in a-am no acids
(see Formula 1). A simlar non-natural am no acid can be incorporated
at the carboxyl term nus Wtlr'a 2"d reactive group different from
the COOH group normally p§%§§; in a.-amno acids (see Forrmula I).
[ 155] The unnatural amn I C& the invention may be sel ected or
designed to provide addlﬁlonal aracteristics unavailable in the

twenty natural _a aci ds. 0| nat yral Cld

opti onal | Qleﬁeé%izqnglagl ¢ CUBPTISER gj'&{ ﬁ%ﬁﬂg&- f]\);H e’ #%i |a85| 1 HRSh &M %eégw
of a prots@indor 8if@rent, ltfﬁI@ailM‘Uoﬁ‘ﬁbrf%@SBbr &, and R RO ~higl are"_d@ho@éi@rmé Same or
the followng prop erties may be o tlonaIIy nodi fied by inclusion of

an unnat d?@?lelﬁn?fﬁéypaﬁﬂd ﬁeWP@Xaioﬁf Besppe Lstpl %Q?i"ilté?lﬂy for'the R group described
bi odi st rijgetd AR ﬂéhe%%ﬂdﬁirél‘ di¥ino %Elﬁphh‘hh Foﬁ’mﬂa T ak Qveéilr‘%lhydny LOlpGE | lefample,
oxi dative, resistance enzymat | ¢ degradati on he 71 ke,

facility ueilatpua]r |afnu@,<atapldn rand cpmpres sibgtutiony ety amningp oy prertokgls group as
spectros I [ , c h 1.cal r

ohtal yit ATeRlRbORRL AR 1t SR o AR RN AT Bpc RIAREL bl3Re not
with ot hemntmliepuue,siro:@ grids, eothadaefit,) y~mlnothmnmbmqﬂaem |eyg amnd dideechains

i ke. 156% The structures of a variety unnatural am no acids are
provi ded % esppRfing >E%1 ?é‘}m’rﬂflg‘ﬁ"rﬁ@%’ li%mah?m%am  OT pgnatgil svl§ Gpingyp In

2002/ 08592 3;:i8Mt dubhdt8Gkionk Mt YI'ieVQ chibeR o?ﬁé&‘ll'yq{iolﬁ(ﬁe Lu]jn@]t Bl ARAtARed amino
acids," which'is incorporated by reference herein.’ The exanples are

not acids such as D-glutamate, D-alanine, D-methyl-O-tyrosine, aminobutyric acid, and the like.

Other structural alternatives include cyclic amino acids, such as proline analogues as well as
3,4,6,7, 8, and 9 membered ring proline analogues, B and v amino acids such as substituted

[-alanine and y-amino butyric acid.

{153] Many unnatural amino acids are based on natural amino acids, such as tyrosine,
glutamine, phenylalanine, and the like. Tyrosine analogs include para-substituted tyrosines,
ortho-substituted tyrosines, and meta substifuted tyrosines, wherein the substituted tyrosine

comprises a keto group (including but not limited to, an acetyl group), a benzoyl group, an
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meant to be limting in any way of am no acids that may be attached
to a tRNA of the present invention. [157] One advantage of an
unnatural amno acid is that it presents additional chem cal

noi eties that can be used to add additional nolecul es. These

nodi ficatigons can be made in _vivo in a eukaryotic or non-eukaryotic
cel |, or #THNY @M, 2 rezmp.parcRydran i ddioh gtogp. ¢ [jarboxy group, an Isopropyl

post - trarg%te)t la0RghyIMBdi, £ ak| Q'jzo's%afgﬁf emh of Bfeanes{eaaﬁyawar%m acaa%téa or

An unnat ural "am no aC|dIg ina pepti de may be used to attach
anot her rnwb#eatcd hv@w@ﬁborp@n@@mlw group,ricolihithiey 219UP, firo groyn, pededise. &

| abel , a‘fhﬁ Ton arlnglg EWT&%S e}[@%brﬁos]ggl 1;5241&) Qc% bteq @ ‘?c eﬁ{%te{n\iﬁ 9 nclude,

polyethylene |onuc a cy ot oxI €
conpound,buaa@dhotlimasl @f &’rhydtdyty ldatredtives y- spﬂmtlmai delrwattﬂyesj @folt derdvatives, and

AT T MERE - g B L GRS
chel at or 1111@1’&6‘21@@%&9@811‘@&&@6& YheB@dlshind®, GahBeHbAS® phenyalanines, and meta-
pol ynucl eot i de, a RNA an antisense pol ynucl eotide, a

sacchar i dsébSt@l%p@w@&wwh@ﬁ@rfﬁlﬁéﬁbstlalee%qnaa@ﬁ% RibYATOxH aremm, 19iaehery
ri bonucl %&upaﬁal?emﬁ gm%ommn 'g@du%al auaag,ra@raw a%{ & o) abﬂoﬁi&%ke@ group

quorophore met’al™- cont ai ni radi oactive noi
novel fi rfemludml bugmouimited ¢, @u;ﬁcctbrhgrou@}v ar &t lilsp. oﬁpemﬁqm@pbﬁmotfwmatural

i nt er act Samm glﬁ%ln?glu lbtﬁg ?é{‘egﬁotp%n?cgd) t9CR %et - E:)Xen rfarﬁg%l 5 F—propaagyl—

radi ati on éexci 01 sonréri z e nD|
deri vat i paewflalmiot, | @-mahiiiotyrasinganah 0gi+&-naphthyi)eltyine,i md@mp@y}aﬂﬁhmglaanine,

heavy at om nlcall cl eavabl e gr.oup, a photo vabl e grou an
ol onyat e PSP e B KHOSER. oo B BT ot O Ao Beeg P e Dot

am no t hiaghsled fhdn9lBincBi RbYropALL-hiRAlRRLES] 4 y a¥i8b 8 REn MR LhY 2 Aacyl-
bi ophysi cal probe, a phosphorescent group, a chem | um nescent group,

an el ect roedsageingr 8 upbengordgpeylainsy 31 aPISHISPHES, 22 DRESIGPRASHLING, &
chr OWDPh%ST %&%gﬁlgy ff ]3@§&oe}5he?1?f§%mca Pi um&g@ﬁ}ehylaﬁﬁﬁlbve 2 208 Mino-R

det ect abl'e ' | nol ecuf e, a quan
nanot r angiEttldaming ranaisgpropydi-plenylelinet, tivea aphuvear gylomthhmnme and the

desi rabl qllgonﬁ)?a%ﬂﬁ?soéf ? c\s.tlirgﬁngﬁ ’a.&a?i é)ts {uﬂ%tumlsaen%%gdac{ ??ts![p\f?e e a % Uv é’o:

to at | east  one unna am no id co
group ut |ekmplﬁgWﬂl@@ﬂﬁ&S923rﬁﬁtthO°hDgtyo ﬁlhsaprlEltlSn lofi awmatingl anioibids,” which

ordinary .skill in the art to be itable for t ticular reactive
or oupe. it egpoRthe Ty afiiinet Beril M el Kk thite B s i G dennio
be t hr ougbcomsmisl @PRbIk i/6r cBbREEIOPRI hb&ifiE8RE hOMe MaslinE@ABEIRAS PNAS
currently used for the selective nodification of proteins |nvolve

coval ent Bofd% Hhirads BrOBetagEdr TrisEmed e for @Mah@abwhwmq gnglogs.

reaction artners, including but not limted to the reaction of
a- hal oket/btfHls wi fhaoiaatigl #aing raci igecsperated dxtg @ Rokwicniide Bdheaming tegmings

these caggs uk %oﬁ@%&'ﬁlrﬂfrk%dlll@foﬁﬂ" fhaf! %”Qﬁfr su@&gue;h@ GHrP 'tilEHnl 61{6)’ wRh i he - twenty

nucl eophilic residues in % protein. proteins of the Inventi
ot her nométusdagdng eids ¢néa@e?~| oerstivaarobe dd@@lt §1@@htha§%1hewngagmaﬂy msent

an unnat i %Ll amlnto %M (3%8 P%nmgla\% t R sr}l){lgzrnanzondn%ﬁiraﬂ amino acid can be incorporated at
the carboxyl terminus with a 2™ reactive group different from the COOH group normally

present in c-amino acids (see Formula I).

[155] The unmatural amino acids of the invention may be selected or designed to
provide additional characteristics unavailable in the twenty natural amino acids. For example,
unnatural amino acid may be optionally designed or selected to modify the biological
properties of a protein, e.g., into which they are incorporated. For example, the following

properties may be optionally modified by inclusion of an unnatural amino acid into a protein:
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am nooxy compounds, in vitro and in vivo. See, e.g., Cornish, et al.,
(1996) J. Ain. Chem Soc., 118:8150-8151; Mahal, et al., (1997)

Sci ence, 276:1125-1128; Wang, et al., (2001) Science 292:498-500;
Chin, et al., (2002) J. Am Chem Soc. 124:9026-9027; Chin, et al.,
(2002) Proc., Natl, Acad. Sci,, 99:11020- 11024 Wang, . et al (2003)
Pr oc. Natthunjg(cg@dlsggqutmn spiyyil- sgifpahtzr]eag]gthe@q a{wdzo gvgl)ia‘cwe resistance fo

Bi ochem %M})ﬁi{atéz %1%? gtﬁflﬁg 4Bsa and 1iEn e tofaf)unf}cﬁt%g'p 3hd pPELRRRE. ﬂructm al

301: 964-7 are |ncorporate by reference herein.
al | ows tI@eopege»ls,e@pqcvescbpsbeprpn@rum, shemiaah|ang/onpoipelseial Bopérties, ratiytic

of 1 eagenl s el gt g LLUSORNO Sy (SLOSELARKID AIGHS, - S2RE0RLIYCor

ToXI¢C ee a
6, 927, 0420mdvalbh1ﬂa3d ﬁb;edﬂrpr otein synt hesis,” which is incorporated by
reference herein. Post-translational nodi fi cations, including but

not |im fEIb]t 0, The emghirencfazvatietyarfiimoatani aininocaids aﬂegﬂovm«dhntfwemgiiple

B N T WL T —_——

| ncor por ahhARraDhmawl 4%, Whidh i§ aceffiAanty Wf@%ﬁienﬁeléiﬁr The examples are not
cheni osel ectine nodification by the Staudinger |igation,

99: 19- 24 MeEAERIbE AM ISy Y ey O AfaAC s bl Ay IPS 2teshad g a%]IAwﬁFW present

unnat ur al.amisp acids are comercially available, e.g., from Sigma-
Aldrich (St. Louis, MO USA), Novabi ochem (a division of ENMD

Bi osci engesy  Dar iRk adt anta BT IR Midatu@] arkBB befhs (RY il Hrdghie BddiiPnal Yalical
Those that are not commercially available are optionally synthesized

as provi dedetive thdt sapbe usidrig adé apditieer] malevotes. Khessrmedifiedtioge caf be made in

ordinary V?\}%' 1411 a 1ﬁca}§t5?10 S lt.gxonn @Eﬁgcrtg ﬁlc o %p]&_lt}gs 'ﬁl £ Qﬁ Q?ff%ﬁ%ﬁlbgﬁﬁ%nt& the

e.g., Ogani on’ an essend
Edi tion, thHt'eaBIdh@abmod%m 1s Bostginthaesat)ral andidy anldeéln @:lgamabammo acid

Chemi str Thi.rd 0 ns

and AdvareaobP e et o 65 ety melthn e AR R R il et
Parts A aingdteB,to, 4886], aRlye i poifies s wiiemsolithlk polyAddiat dedRalive of polyethylene
publicati ons descr i b| ng.the synthesis of 52 unnatural am no_aci ds

i ncl ude, 8&/°g% ap@ﬁ"%’@ﬁﬁﬁ%gi IgRelfe. deYiqPRiG QP IIE of ABICaf afiingy label, a

Unnat ur al,n Aahi@itfCiafs; 2 MaLSRUKASpRhdak- resii1 298 ot pMiidn oM d
4660- 466? Ki ng iefhbd, 2 A DA A e Sy nthes ¢ hpdifide or

d ut anzi @elymﬂld@fan;alo- P pRtihedy os fanidpadyaiFasemens iagmetpk @hﬁlm Byqozacks, a fatty
| nter madggﬁie%. Gaﬁbosh%led@ [Sggl ! é)jclﬁe?’g?]?[g&ﬁ al ﬁqﬁarﬁn zQ’tM%n §‘ El%glﬂlde’

R (1959) Synt I's” of vatives Ut azni he as Strates
for Ant | saqsptrmdeAgaema’s:r—soJlubleAdnndmmem a Spdod@n, 3373501&1331152)/ lﬂoamcgqm Jeid, a

o o RSB a0k, UG A0°%, HSop0er) 9B Bl it o

( Chl or oquidieyctivel .mdiety, aGloael ﬁuﬁ:ﬂpna’ll@@’a}ila? Qrouﬁzmuﬂ ayyaldvily M homotaledily

in'lt: Ir ﬁgg: zzirttplépté w1ﬁ%ﬁé§pgﬁ}§@%‘,’]ﬂ ﬁi]ogz%%li? §,5a?1sac r?ztc?a&mtzon gxcitable moiety, a
photoisomerizable moiety, biotin, a derivative of biotin, a biotin analogue, a moiety
incorporating a heavy atom, a chemically cleavable group, a photocleavable group, an
clongated side chain, a carbon-linked sugar, a redox-active agent, an amino thioacid, a toxic
moicty, an isotopically labeled moiety, a2 biophysical probe, a phosphorescent group, a
chemiluminescent group, an electron dense group, a magnetic group, an intercalating group, a
chromophore, an energy transfer agent, a biologically active agent, a detectable label, a small
molecule, a quantum dot, a nanotransmitter, or any combination of the above or any other

desirable compound or substance, comprising a second reactive group to at least one



Koski nen, AA.MP. & Rapoport, H (1989) Synthesis of 4-Substituted
Pralines as Conformationally Constrained Am no Acid Anal ogues. J.
Ore. Chem 54, 1859-1866; Christie, B.D. & Rapoport, H (1985)
Synthesis of Optically Pure Pipecolates fromL- Asparagine.
Application to the Total Synthesis of (+)-Apovincanzine through Am no
Aci d  DeCHPBWHR PEETOMIGAYIPHTRY & A9 serclyicsopiibsing ghengplyy mefigdglogy that

50: 1239- 12480wBaS &l iy skill (188 Zt)t oY @étﬁﬁﬁ'e Sfozocfle Mﬁ@dlar reactive groups.

al pha- Am no- Aci ds and DeriVvatives Using dical Chemstry: Synthesis
of L- and 1@3 | phas6nZl A EdhPhGst-Aahdftionkt- 1%&@%11%9%%1&5‘99'{%[}%1% A paig.
Appr opri a nsat urated Derivatives. Tetrahedron 08; an 8

Subasi ngh@ecémpbzlhc reaqtivg92 Maghireagtions curzilyl wdl foy ks seisgmtehel@fiéic@fon of
bet a- het e I i r Vs t
not ity PR hfotfe TNAGRTRAR 18k fuBf Wl R oy BOUAE (B8 Uifinc reacion

35: 4602- ﬁaﬂnﬁeﬁn&hﬁmg bluk }Sat 1aitednd tklehdtioatolf erhaNketddss 20N MBARS B3 Eysteine
entitled "Pratein Arra s, which is incorporated by reference.
Cel | ul ar Y ee@Sors elfﬁwé}fsmna‘ihesgrﬁaﬁ% i3, dpignipacs by thorpatsr apd agresiePiiiyof the

upt ake meﬁle%Blluhc I8 QRS 1hstﬁb“5br&te§it i piofhe Ak e %ﬂaﬁﬁaﬁrcﬁ&kr MBENselective
designing and sel ecting unnatural amno acids, e.g., fo

i ncor por aERGSiens ?ﬁ“cbealsﬂfg gichiap the lﬁ%ﬂtloéﬁﬁmﬂ@aﬁﬁﬁé@ﬁﬁjﬁn@ ﬁalﬁlq&%ﬂdéﬁéﬁzﬂﬁ or
of a-am t C i t Q. b

el [ por "EnBELSoRARR! 5 1i08lnli 0 980 C AP USRS, o4 |(KS6Y 11 R o,

amno acids are takén up Into t
col | ect i o¥pc.,of13(168-6il hi: Deekd, tir dndpeA7A &m@ﬁ6 1A”5~é@28:1 Wenmest ataf0od)
done whi ch..ass C nn t 0 -acid if ake
up by c $c' 1enc%92§§%§€:’. %ﬂ) @Hn oegl Eﬁ(ﬁb) ‘?n}%m C%em %bc 124%%6 gﬁiﬁacﬁhé%te'% al.,
Publ i cat i @DOMrodJNaZIOMA&)l%ESBQ 1B@ﬂ0ﬂtil09d WE’ﬁg}te@nn (Aﬂ@fayl?coc \Mutlc Achd Sci.,

i ncor por af.ed reference h n,.and Lju,

(1999) Prﬁ)@ Seé% RIS Pl &86%31 Biqehsmgky, ﬁP 8%6 %43 t ﬁh’é}n b thafifed
genetic cREecePNADAIT t 8 o Bl @S 2:86indot B artd 85 refAbideOngbinUpTiak &llbss the
easily anal yzed with varj ous assays,. an alternative to. designing

unnat ur al SelE58ve pplingaet Hstuela Ay PETERHELR doflgolcEpEiia nclding Buorophores,
pat hways 61§ssh9k19%9¥ér§se sicAsY Y B8tvhGvesPal R X%Yo%ﬂé ﬁquécﬁl%e BPLNG B, dBitent

in vivo. BiosyntheSis of Unnatural Am no

bi osynt helto.co, i Mregysitled Febggpreteinssynihysies igelf IﬁrlﬂQdﬁEOfpﬁC@di’NthemC@helem
amno  acp s tr%&%tfah{l‘%{loa‘iﬁgﬁ%%i{é‘qgclu&\f‘yé bt x?ot%%fe‘é% hﬁﬁé f%}l”ﬂ J%?d% Jng;ﬁo Acid,
parti cul ar "unna ot exi's

but not |dam tied Mmede ithxough ctiak | Stawﬁdmger nigibn ofinginding des n@:uhhuﬂe&tﬂood&th

opt i onal | §CRRREHTL 0 ER DSOS el £+ U9 hath R, WO oHEP e s RO TS e

exi sti ng hoshbisell pr@@bb\/y@ySchemé@ddchife()ﬂﬁﬂzfﬂmneﬂﬂyﬁﬁES’rcﬁtEiﬁzg@fpt’zg@[ﬂﬂL IPNAS
natural Iy occurring enzynes or artificially evolved enzynes. For
exanpl e, PhE-Bt- ‘osynt hesi s of p-am nophenyl al ani ne (as presented in an

Chemical Synthesis of Unnatural Amino Acids

[159] Many umnatural amino acids are commercially available, e.g., from Sigma-
Aldrich (St. Louis, MO, USA), Novabiochem (a division of EMD Biosciences, Darmstadt,
Germany), or Peptech (Burlington, MA, USA). Those that are not commercially available
are optionally synthesized as provided herein or using standard methods known fo those of
ordinary skill in the art. For organic synthesis techniques, see, e.g., Organic Chemistry by
Fessendon and Fessendon, (1982, Second Edition, Willard Grant Press, Boston Mass.);
Advanced Organic Chemistry by March (Third Edition, 1985, Wiley and Sons, New York);

and Advanced Organic Chemistry by Carey and Sundberg (Third Edition, Parts A and B,
1990, Plenum Press, New York). Additional publications describing the synthesis of
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exanple in WD 2002/ 085923 entitled "In vivo incorporation of

unnatural amno acids") relies on the addition of a conbination of
known enzynmes from ot her organi sns. The genes for these enzynes can
be introduced into a cell by transformng the cell with a plasmd
conprising the genes. The when expressed in the cell, provide
an enzyrré’fnﬂémﬁﬁ‘htaﬁ% aciflyy lrsc?w@héeaz\éfq RROZH85P3 % antitisdp Jlnd YO ERGRmsIEion R
the type t>» alq d

exanpl o5 Dol {1 e B s e
i N Genbank Kid, iD.Aifci(d94%Y deVeb SedhenzyfiEsiamie @l rdhpediial bﬂGb{dd?edAczd

rachi ner y"Ah PR L BT & et S5 POl GTSE B g Lt R

unnat ur al (1959) IpnA&kdg: Ddr iaﬁa}es'%ﬂ@fzdaﬁzﬁfbé B 116 SOBks-a ek Fora)Ai-ranbeAt s ].
produci ng novel enzynes f bi osynt heti ¢ pat hways ar

evol ut i orfﬁgi_g%ils{g_ﬁﬁgglpégﬁ%ﬁy%z (fﬁ@}g, é,{.‘érﬁgmé (1983 solde C'onfgumtzfl;n of the
reconbi e, QRem&s 9.+ RS dexehpped by [ﬁ@?ﬁﬁ’@%mzhaﬁ] nkﬁmulzﬁﬂnﬁncg Huﬁfgl?ne

Wrld Wde Wb at rraxygen com, is optionally used to devel op novel

enzynes a(ﬁfﬂff)p@aw‘:%yéﬂe&h@m 3 11&t-hife rAzeni094M., Rapiogt, dvioltu Frapnicof F.

a g;ﬁéf' 1%15 <§Ma SW bt@;?tgzr% M ?aé%z.g(ﬂ §8ﬁfed3giem?‘§8', 201-5;

reassenbllgzosldnm VML ré’ecBalbnmaft |Hn (ﬂﬁ$9) nﬁ’jz;elwfsarof evdlubsitand Praiwes as
Nat | . 10751, IarI signPat hT )
devel Opezg%go;&cﬁ ;H?A Cfrgjﬁgzii gAﬁélz;ronAFh A% (Pe SR8 ?4,“4859—1866,
genencor @eijie,i B.OPLI Bdi}:&ipbi;t, U5 gd98 91 Syt ab alf | @prpatih waye erigicoredsi figm L-

- i neer pat hway cre r osi cel |
Ths’ t corRBrEay o HBHETIU O e R P R T A5E e e Aeid
usi ng a CourRiHAbLeE: Bhd ﬂ@MIt&EMﬁCyélﬂ@ﬂzdﬂﬂU NG WheMO 50110894 245; tBhrton et al.,
those identified through factional genom cs, and nol ecul ar evol ution

and desi dﬂm%’/’ﬂm%ﬁﬁeas obdNReh doh el AsiinBrd Deriveties igving Rovigel (bemisty:
di versa. c@mh.al s \g}?ge@ &Igﬁ@ﬂ%f%gldﬁlgr c% rl?glpmz%nﬁﬁd’lp?ﬁatcn%lczd and

| i brari es”of geneées an gene pat hways ncl udi'ng

to creat elpprawapalieysied DG abypi Eetlahgdron He: 4@:%63% anda fitbrsingbé @t al.,
pr oduced e y t

Do o0 {449 D AL ORE S5BRSYB OBLLCy APLIUYBh 08 FRRM e
protein driosmat msmsy aeligity, atar maklqaiquekeld-seharizeanorant, Mpdi Cinad. 3656H602-

aci ds or it De aiear PyeaireRe. oTybrkaRRedhetnBadk e Mh0ta e

in Vvivo iipidchipsratd@nyatieaies.about 10 nM to about 0.05 mM Once a cell
is transformed with a plasmd conprising the genes used to produce

enzymes desired f oCegmalsmmefdfeumﬁﬁay@yﬁnaaﬁd@n unnatural am no acid
is generated in_vivo selectigns are_optionally ., used to further
optim ze [ pr oHTBEIEH 2BHNG AUd VRIRKE GV &1 Colink ﬁ’Be S0 b is BBioglly Conmdmed

ri bosomaly,fBrkghie SYAtbRsiS: /LAl dmifs Q¥ ¢.g., for incorporation into a protein.

For example, the high charge density of c-amino acids suggests that these compounds are

unlikely to be cell permeable. Natural amino acids are taken up into the cell via a collection
of protein-based transport systems. A rapid screen can be done which assesses which
unnatural amino acids, if any, are taken up by cells. See, e.g., the toxicity assays in, e.g.,
1J.S. Patent Publication No. US 2004/0198637 entitled “Protein Aarays” which is
incorporated by reference herein, and Lin, D.R. & Schultz, P.G. (1999) Progress toward the

evolution of an organism with an expanded genetic code. PNAS United States 96:4780-4785.

Although uptake is easily analyzed with various assays, an alternative to designing unmatural



NUCLEI C ACI D AND PCOLYPEPTI DE SEQUENCE AND VARI ANTS [ 164] As descri bed
above and below, the invention provides for nucleic acid

pol ynucl eoti de sequences and pol ypeptide anm no acid sequences, e.g.

t RNA' s and RSs and, e.g., conpositions and methods conprising sai d

sequences. Ie of sald guenc RNA s and RSs are

it ST 0SecTHER dPRS BewATermaRE bt ek uriHt: ReveS 3 1 TAppic clotyuhetic
t hat theImﬂﬁgggkﬂﬂe$§aﬁﬁ%5&ﬁmh{ﬁqgtO t hose sequences di scl osed

herein, e.g., the Exanples. One of skill will appreciate that the

i nvention al so proyﬁ%ﬁﬁmaﬁpwnmgﬁﬁﬁgqhﬁﬁgﬁkﬁkelated sequences wth
the functions described herein, e.g., encoding an O-tRNA or an ORS.
[ 1651 Thdl¢Hvent Manypreuntietc Eéi’-h?’ﬁlé‘b%h%é% exigt RSedlls dpigthe production of amino

pol ynucl t t

Port ons K A8 pufer QompCliTAmichObUMAMER AR FAR pef SRRk oo
synt het aswidchenest, cxétion n@bltfy nedhideng batesot dirmtdddo,pmefs eqit, thmmmtianrprovides
i ncl ude ose that encode ot ei.n 0 tides, of. interests

Lhe br osdhis PEURET, B G RRRDRB G SRRk R Rib 3 Shind M5 ¥ Shebheny
pol ynucl eehirdes iofhosthelipbyeaddihg nowedtiziraes binalodiiging @xBting &ost cell pathways.
pol ynucl eo c41de co r|5|n a nucleﬁtlde i%ﬂuence as set fortg in an
one of S fnZ}Em age OptaLly HATFRiNt GRTIDg fnzyracsc sl asialy sygived

to, or aeﬁgﬁﬁﬁrvabf \eRaiglel Ald BdsFIBERODE pSinhbiehylalanide NHE |BésenBiif an
that hybridizes to a ngégucleot?de |nd|catedI§fO¥é undgg ﬁﬁém

y

stri ngentxa@gdPt V6he 3943 satigatt T Yiyo tinorrasetique] Bt ralofming eacids”)
nucl ei c aghd oﬁlsth@acFH?tllé&Pé’fCi &%Hﬂa%oﬂfoficﬂﬁv BEARRE ok MEE dr O isnhsl 68l defles
certain enbod |nents a vector . Tasn1 , a COSWIé, a phage, a
bact er i urfpr thaseyEnaygies @amé;teeldtr@bloyfgum gotdldey tansfomjiogdtedell with a plasmid
pol ynucl o

nvent i Oﬁg&kﬂﬁgﬁg{e egr%%sgoﬂr’r}é eﬁeess v@len QJE}%%SE&IP snetg’%] 08? 6)90v1&e S é?]rzgl%gtm Cgathw.ay
I n anot heo smthmmerthmﬂwnte&eompmnﬂs skExamplescifahe type$ uflesyacp thanmateerptionally

operably | ed to..one of the ynucl eotides of the esent
Chventi ot ehSS rtvied B 05 rRaRES byote RAtHiA oS Tgdpty v At Br
i ncl udes cgappleyinUGHBabL. dar@icidliecvoles eftyndven hls®Rptidnby haQueintf a cell in
skill mnl{ al so appreé&gte that many vari ants of tﬁe di scl osed

sequencesaSETe iPRENEd el I DHENTIRhCFIGNAT pEFhiasy niderespgRse Py at palle are

vari at i onsap@fuldifioPrSflQaRthnIEIAMENS &3ds. t hat yield a functionally
i dentical sequence are included in the invention. Variants of the

nucl ei ¢ ggéH pol Y—‘xnU%&?Uf%etﬁ&ﬁué‘r@Cﬁ»’ﬁﬂaﬁl‘@%@bf&dﬁ&lﬁo V@ld1agt,smby by ﬁléezﬁl
to at | east one disclosed sequence, are consi dered to be incl uded

the i nveﬁ’@qsaﬂiifhet@ni)@ffbé’a%l?s e‘“queﬂﬁelé@mbfof Qﬂh‘émgeléﬂlﬂ@ﬂ@f}és dos cikospld, reourswe
her ei n, t C I
3ot RHE, o8 ncfle%h%'ed by tlﬂ Ak \ie%?“%{@ﬂ&& LR Wﬁﬁ'&‘ Wide Web at

technlques are al’ nservati

vari at i om&x&gﬁﬁbl@/\mmgpm(maﬂhatsd@gertbrvdoy rofvelt haygmmmdqaaﬂmh@rs " Sid erd,

substit Utéte%]nsl;r ((15945,' Rapid evolution of a protein in vitro by DNA shuffling, Nature 370(4):389-
391; and, Stemmer, (1994), DNA shuffling by random fragmentation and reassembly: In
vitro recombination for molecular evolution, Proc. Natl. Acad. Sci. USA., 91:10747-10751.

Similarly DesignPath™, developed by Genencor (available on the World Wide Web at

genencor.com) is optionally used for metabolic pathway engineering, e.g., to engineer a
pathway to create O-methyl-L-tyrosine in a cell. This technology reconsiructs existing
pathways in host organisms using a combination of new genes, including but not limited to,
those identified through functional genomics, and molecular evolution and design. Diversa

Corporation (available on the World Wide Web at diversa.com) also provides technology for



substitutions in a nucleic acid sequence which do not result in an
alteration in an encoded polypeptide) are an inplied feature of
every nucl ei ¢ acid sequence which encodes an amno acid. Simlarly,
"conservative am no acid substitutions,” in one or a few am no acids
in an am ng aci d sequence fare subst i t ut ed Wt h fferent am no acids
wi t h hi gRTRMSTHPHRS BPEPEY ?f e80s ang Esncpallyv el ing GEhRG Tt 4 9 S1eRlg
hi ghly sipglpgmhwags.a di scl osed const ruct. Such conservative
vari ations of each disclosed sequence are a feature of the present
i nvent i ony6d]169] TyERABLINALhM@uYRShRAb | RISprodficed Wl b %Hélﬁéeréﬁlﬁioﬁjqﬁhenc
acid sequence refers to those nucleic acids which encode identical
or essentoRdmay of a@msm 111%%%183%@@0%@094@@@@1&&6@11 suffeew for ilcipfereria
aci d doeg, i l
cequenced SRR HE, FhAlen QR orR Rl oRE ot 0, fRERTERLS te p kel
i ndi vi duablmutwtqm Q;ftthe)ﬁtbpl gaihetarids or erhaug ddiltlinomsomdss.c A yaictlempcadidtions

an encoadlr SN Te0dpaSlsCuRng? 3 oo IR0 SRolp PELHBN G « o 5

" conser vajgahsfetnyedn®h fal gdsmidadongifisiag b geeestized & pﬁfdatd ejﬁ@nreesieéﬁedl Wr a
t he del eti on. of gn am no acid, addltlon of an am, no, id

subst i t utPEH O RDAINY Wi PHOA S ERESTAIFS- & e Sfeclispngre gpfignally
Thus, " Geases iathey @pNdideathbt PRSducBbn ar s iRchtpgl ¥ABR! ddle fSEBMENARs@hal
the present invention include substitutions of a small percentage,
typi cal | prategsyathess adcetrgiadtbypi cal Iy | ess than 4% 2% or 1% of
the am no acids of the pol ypept| de sequence, with a conservatively
selected _a i d t he itution group. The
addi t i on S8f=8es - d halehXoddaNaetivity of a
nucl ei ¢ gcéq rml @@ua@cnsw hlb@ﬁe tah‘i@ asi@iwt It 1ﬂfrenﬁo@o[5rofnues:tfb@rmb1em acid
sequence, IS a conservative variatjon of the basic nucleic acid, 56

[170] Comelpyaeqtisle ssTnsaeqstant PeRPER{gE S8R ¥4 SRINGOFHfed- IBAHY F gndRs: eag

am no acigds @hosHiBaWand heias %oﬁfmﬁﬁé“sﬂ@rs}éqﬁﬁ&és E}Ehrﬁﬁ?@'s &f $aid IRences,
foll owi ng ei ght groups each contarn am no acids that are

cons er vat€| snetRalUps tind BEH orrsdisdpsed tereim ol rver.1gneAtfakilha thaprt vallyppreiate

(9; Aﬁ-? gge 111‘9311?1%1 (EL 1(0[9)11’1111?&% ﬁ'{g‘séz seﬁﬁéﬂ?%( ﬁgggseﬁ @r agl'l agrwles One

ad ut am eucitne (
Leuci ne (dfpkiliMatlhppeciate thadihe Mabntm a{sV)providds 1ﬁﬁm@fny]la‘aﬂ and n&re(al%)i sequences

Oystel ne T rBthe ﬁa%ﬁ?rs%"ﬁcgb%meg e erglne QA EPAe) ™™
(S}:)regg;;;ﬁ:fq_ﬁ 93) g ?nl{ren EOHF;;H()J és:[ ﬂo?ypegtvges (5 I?Sesrjr%nd polynucleotlgesde Ed'ot ﬁ\ﬂi\_

polynucleotides that encode O-RSs or portions thereof, oligonucleotides used to isolate

aminoacyl-tRNA synthetase clones, efc. Polynucleotides of the present invention mclude
those that encode proteins or polypeptides of interests of the present invention with one or
more selector codon. In addition, polynucleotides of the present invention include, e.g., a
polynucleotide comprising a nucleotide sequence as set forth in any one of SEQ ID NO.: 1, 2,
3; a polynucleotide that is complementary to, or a conservative variation thereof.  Similarly,
a nucleic acid that hybridizes to a polynucleotide indicated above under highly stringent
conditions over substantially the eniire length of the nucleic acid is a polynucleotide of the

present inventiorn.

{166} In certain embodiments, a vector (e.g., a plasmid, a cosmid, a phage, a bacterium,
a virus, a naked polynucleotide, a conjugated polynucleotide, etc.) comprises a

polynucleoiide of the present invention. In one embodiment, the vector is an expression

h
th



Nucl eic Acid Hybridization 11711 Conparative hybridization can be
used to identify nucleic acids of the present invention, such as SEQ
ID NO.: 1- 3, including conservative variations of nucleic acids of
the present invention, and this conparative hybridization nethod is

a preferred nethod of distinguishing nucleic acids of the present

i nvent i osctPih BB PFoHbadiRgks the e esion yeriasinaMi S PRSI gpFably Sinkeddo
nucl ei c agk glsm'b?eoéﬁﬁ@ ﬁ@) 2Huc@é/ot1§gs%i} e M*gseﬁlf iveHRALT hﬁ]hﬂﬂheﬂ&ﬁl{o@ﬁf@n@,rb_ cell
and/or ultra-ultra stringency conditions are a feature of
present CANBPRATES @Wect@(%mbn@lgd@fa podywhleptidd ofithe mesedisnyenéionde t hose vvl t h
one or a few silent or conservative nucleic acid substitutions as
conpar ed [1&la gi Penachedl siil alse pppreczfadrmé many YLaI@]ltS,fod@sCﬁSQ%Qﬁ@ﬁ esauerask are
is said C y i

nybr i 20 SRt S ypbiol o Gtk s ARE By o A IR ehuences
mat ched ¢lm’m'h®cﬂmrﬁlacrt§onu]&r gEhtzcaI iseqiencongrt hnciu@dgn ahe txxyemtmns evmaﬂm ofithe

| t V2 h bri t f the be to. t t t d
Cgﬁ; ti 0H§° %}lﬁl gfelBté(#efZ g%ciulggceg,a tchﬁrg Ehro O%grl%t%glgblilcﬁg‘? ﬁg at M5t one

perfectl wlm@@ue@@ et esmiieasdytotarngatdedit fheantdngbal UnfpiRGubeqlicbéstof
that is at |east about 5x-1 Ox as high as that obseryed for
hybri di z a4 5?9%065@8%?369 HeFreiPmat CREEMIPET J&t Sritec FEPETA cTeAReNCE pgparison

Nucl ei ¢ agh uegwltgraqs:glig@udéd/q@{hetlwn@@soc| ate, typically in solution.
Nucl eic aci hybridi ze due to a variety of well characterized

physi co- chem cal f OhERSyatiSLGiadsys hydr ogen bondi ng, sol vent
excl usion, base stacking and the Tike. The phrase "stringent

hybri di z4168n coRieg dasther égesnesagyo of otheli EnBies cede. | ‘GilenioAIkstigtivaR g ite.
and hi gh stiSERALAL W & n3Slede czdSJeqFﬁ%%ﬂlal &é‘ﬁo@ﬁeéun iy aEH Ql@érbt}’on fyl epld&'lrcoded
strlngent conditions a ro ridize toits targ
subsequemobperiida) mrqnl 1em11nti ke oﬁf:vemumlmmc ataé lscnu(enm\hfhudh rpgedslgs am exnino
limted to, té) tlﬂ lzysl Alativl | Io N s 10115 ,,RN%}}@ Q}J Ea. gwo%s e 1é.cids in an
hybri di 28 ¢ y’s@% SRS PRI RS RO S 0P8 O 2 AR SRPEh & Ve

gui de t 0 aidi® dtydbsdqdertatateosubsafinisd &htﬁldd:ffﬁmtdﬁlm(ﬁacfdsuﬂﬂx lighfYisjreide properties,

(1993) Laborator Tec s.in hem str nd, Mol ecul .
Bi of oby- Sy 5 PG A Ch ORI P SRCTETors USSR ECTeLe gt Eppsgrativ
" Over vi ewaaiiddk biédcRldgeloadd ke bealitafeanthelphestinvdngay. Of nucleic
acid pr obe assays," (Elsevier, New York), as well as in Ausubel et
al ., r 1Y 4 Pr Ot Surive Whkieskt af aBiaplcay n(d89%kid $AuBES BRE to those
Hi ggi ns (l 995) Gene Probes 1 IRL Press  at Oxford University Press,
Oxford, BHgEgmelds varheacadridpitiygl @rsesaeymalhdldsamb@n@ﬁ deidi sggramses, pr gdsye
Gene Probgs, 51%18ﬁ8§§11£%11% Qb ¥EE Skl rt%Séssen@éﬁm&m@gé@@ﬁbe&
(Hai nes and" I ggI ns provi t S on t e synthesis, [abeling,
det ect i or{handf qaldfamj tkidam bn af wE}NAecogrm@e EiNA mcilwduudsqbgumtmns deletions or
ol i gonucl des era rin t 0 : t :
Sbocs "o EREACTE RN, Ak At ISR RO JhA Ol 58l 86 Gy . B
specific nsalqaimdei @Efqualcé@.fd ‘fmeﬂsewanmlg netdiferdghbatps” dfeodsrvagivelyenodified

t enper at ur der defi .ned. ionic, st and nuc] ei,c... .
A vagangt unwheledhe alierations result m [he c%ienbn %F A1 amino act ad&ztlon of an amino

acid, or substitution of an amino acid with a chemically similar amino acid. Thus,
“conservative variations” of a listed polypeptide sequence of the present invention include
substitutions of a small percentage, typically less than 5%, more typically less than 4%, 2%
or 1%, of the amino acids of the polypeptide sequence, with a conservatively selected amino
acid of the same conservative substitution group. The addition of sequences which do not
alter the encoded activity of a nucleic acid molecule, such as the addition of a non-fumctional

sequence, is a conservative variation of the basic nucleic acid.



concentration) at which 50% of the probes conplenentary to the target
hybridize to the target sequence at equilibrium (as the target
sequences are present in excess, at Tm 50% of the probes are
occupied at equilibrium. Stringent conditions nay be those in which
the salt caoncentration is |ess than about 1.0 M sodiumjon,

typi cal | y138out 6opgeryasive ssbsiiuiog ke BievidiasnReaionally sHniasrangam gpids are
sal ts) atyBkhfo %Js@ogm%nﬁ@f' sltil8n ttl?enﬂ??r'ﬁﬁéjfoﬁobfﬁ?{gaélgﬂt ps @RGHEonPH a;nﬂ‘[
short probes (including but not limted to, ucleotldes

at | east agisethat eeeon@rvatlb*eﬁévse%b@sfq@Mlg@pm but not linited to,
greater than 50 nucleotides). Stringent conditions may also be

achi eved Nith the Addiind @, ShcesBhbi | zi ng agents such as formanide.

For selegtive or gﬁ*l%ﬁd@g@l&%ﬂﬁ 6’a positive signal nmay be at
y

| east two“times background, ptiona ti mes background

hybridi z&fi on. Exedppangins (M), OgeatinhyQ);i di zation conditions can be
as follow,ng: 50/01;38rma ]gf 5X SSC, and 1% SDS, incubating at 42C
or 5X SS& 1% SDSABREGHEE G &I E5C, with wash in 0.2X SSC, and

0. 1% SDS sat 65C. Suphusms loB,SLeueiale (b Matiibgheed), fWarind(vyl5, 30, 60,
120, or npre mnutes. [174] exarrpl e of stringent hybridization
condi ti o for hybPlﬁW %W%(F TyresthadIYenEpPtaPya{ier ei ¢ aci ds whi ch

have norepthan 1003&@55}[3&@@&@@@,@95&@%5 on a filter in a Southern
or Northern blot is 50%formalin wth 1 ng of heparin at 42C, wth

the hybri}di zat i onCyelieig (ehMatldgnisatMpver ni ght. An exanpl e of
stringent wash conditions is a 0.2x SSC wash at 65C for 15 m nutes
(see, Sarfireodk &reigliton, Mgredes Sarcrares wid dlolaauaaBtema Gesy (W Whriagmya&do.;

ed. 2001)%5%%1;{12%?%%95%%60f SSC buffer). Oten the high stringency

wash is w stringency wash to renove background
probe signal. An exghplesdi@M-piliLifigency wash is 2x SSC at 40C for 15
mnutes. In genera%‘gﬂg% se ratio of 5x (or higher) than
t hat obsdividd f oCoarpauntive habmdzghoolren iba ttsbcetqoaienm@uhatemydads df fetpresent
assay indicates e ific bri.dization 75] .

"St ey ngertv i BALt: BohRH iRt 4iie SRl PR o B Pl agsog e

acid  hyyrésdhiz atvietiong ape rthi¥esdispasaiss asridomtidie mt}mﬂdlsl\b)qﬁmw method of
hybri di zati ons are sequence dependent, and are_ different tjind

1 £ 1 er entSHGHPEREERUSF 4par aheareen L Bibpns Dirdians o ighprplaie gids which

speci f i calyhyaial tding Haﬁaefcea@ﬂ@&ﬁ;trweeed HNSEEX IS RE): V3 emegﬁ ggmotheugh and/or
hybridi zation of nucleic acids is found in Tijssen supr a.

and i n HailiwesltandsiHsggeensy condifany aresy fagire 0§thﬂ| mgeﬁt nwy i E&maiﬁs of
and wash Gondj, ERH&I&a@cﬁa@thafsgbeuﬂeanergp 5\% bt bC blekrabe 3BMciteRa

nucl ei ¢ aci d. etermning highly stringent

hybri di zatbsittame ﬁwmmmﬂdndlglvmnwcletcmldWMmd@ zation and wash
conditions are gradually increased (e.g., by increasing tenperature,
decr easi r[g;'mal t clomstenkleat dcohis skidde gasifivglldetbaidgett a porveantlegtacwnwben it

?‘ (r;(rjﬁrg.:’ in }}y 11 ﬁgsl #3%&:? %1 %2\?&@% t@g Ealro%[c] a(s)tto %%%&eﬁlyangt\éﬁe% c?on%pl]!gn%n%asry target,
i.e., with a signal to noise ratio at least ¥ as high as hybridization of the probe to the target
under conditions in which the perfectly matched probe binds to the perfectly matched
complementary target with a signal to noise ratio that is at least about 5x-10x as high as that

observed for hybridization to any of the unmatched target nucleic acids.

[173] Nucleic acids “hybridize” when they associate, typically in solution. Nucleic
acids hybridize due to a variety of well characterized physico-chemical forces, such as
hydrogen bonding, solvent exclusion, base stacking and the like. The phrase “stringent

lhybridization conditions” refers to conditions of low ionic strength and high temperature as is



wash), until a selected set of criteria are nmet. For exanple, the
hybri di zati on and wash conditions are gradually increased until a
probe binds to a perfectly matched conplenentary target-with a
signal to noise ratio that is at |east 5x as high as that observed
for hybrldlzatlon of the probe to . an unmatched tar et h?éj}’réhz% "Very

st ri ngent™¥BARIRS Bhs Typisale BgreditebE i e Pl e tﬂéisﬂftr.s@f

poi nt (Emseﬁ@ernc@np@&émﬁek HixifeodmciER iR diien i QBPBMAE ML tdtd ReBlar
defined ionic strength and pH) at which 50% of the test sequence

hybr i di ze&3 oga Dbk PéBNA,b %ﬂew‘t pvbrisize Prher seqsupqs 6B e coptplexhaixture.
present hzm’%%hgl% @%efé'they ybHéhg!ﬂ M ot 'inh%l%@ ”émdshYsb%LQJdZﬂ{ 'T%ﬁg;,e gfl993)

wash conditions are ecte e about | ower than t
t he specilfaber aécexq Ueroeqiet i Biehemnigthy icod Mplecgtar augjvgy-ﬁﬁjdn iokatigrl With Nucleic

"Utra hi nGy. b| zat.i n ons_ ar, t hgse
0 wh o AL PR R SR e oS D SR el e hPRSS of
i ncr easedwdleic 4cid heolsi @E@Is 7t @lmieS eNEwﬂtYd?rk), fagrwdll agliinguetibe hke aly One-ent
tothep fect d.c t nu i_C aC|

east | Teioads i HRisaelt neioBy T o Hothes Sififiectt SLB5E Press

unmat ¢ hedat Darfge UnieediQirGes8COMDTd, Fighdd, gﬁﬁméﬁ&ﬁﬂd"ﬂl 1ﬁ§ n}jaJiMHdiﬁbs and Higgins
hybridi zes to a prob under _such conditi ons, %g noi se

rati o of (&899 &igae Pugbos RalRToFrophal 9@?0%@W9rsmf’é%oo>é% IE@#@F}@ &lgmes and
target nygbgihe z??ﬁbvafﬁe de%a?ﬂsdont ﬁaebs eglp mdzﬁngr&%ua@%& quérﬁmatkyng& DNA

stringency conditions 78] Simlarly, €ven higher Tevels of
st ri ngencyd dENAbectwing nhmmclbgn@ﬁad@meta}ly, Pinogewagionditiphgeare selected to be

hybri di zagjgn. ﬁpQ{ l%vel\[’\ﬁxﬁjp th%qgg'\lﬂ%ll %Eﬁl{lg%m%?@:ln{)l %refﬂéaﬁ}e 1@%3%&}1& dge% Ia%@ﬁned

assay. For exa ose in gency o i zation
and wash igon dtimngdmsHafIée iThcis dlzstethpenatre (untitrelefihghminict drengihsgtly aidimmcleic

tar get  nieneniey aPVERE b e BEbs SrmtenRi BT bguueeqr tgrae
as high saquehtabt efsighrivad (ds0he hathsti Byzaatdsodre q)&is&HtYmCﬁxcééﬁeaﬂJIlH&imaﬂ the

target nucl e| c acids, Atar nucl ei ¢ aci d. which hybridizes
probe undEPP FEh ORI At &Hgl%bwuph SidegHgoniiEoR MY Healtipts B Whlale e sals

| east 92 cbhahidfiont 19%59%{51&1%5@/1 am ShREh SR} RIBD LB o‘t@meﬁo RS aBIng ion
acid is said to bind to probe under ultra-ultra-high stringency

condi t i or@@ncep&a'tgqn (Qu ether éalfé}: pideH Wl ers-Henchibe terpimrateiezie at lyaéa@bnutomﬁérfm
under S” %. ﬁﬂﬂh&hg’%ﬁt &gqm@é& b 164t ﬁl{?:;lé]oﬁliésé M%melﬁgeaah)q;ﬁ 60°Q%or
es | C t he vy I

pol ypepti enco are su stantl a
occurs, éoug prOhMm&udingﬂyutofot dirmigd|te grezeyi thlar 80 ond@ertiElds)uSirmgertt londitions

maxi num co ar a b enetl ¢ cod Uni que.
subsequenidotia SETEPRv Y BNTAED, & IHERES el Bl S RiliRuge, For
aci d t hatscleaiqerdrspscific hpbidieation b pegtiend gnail lma@z bewg|ledse Hvae tiches Bhakgtoned,

f R n, R i scl
fromthe S’go ua?lgcl%stm?es b%l&mol\ﬁldshy%n 129‘& SSEX%II‘lSp?ELI)? gi?mgent hybridization conditions
can be as following: 50% formamide, 5X SSC, and 1% SDS, incubating at 42°C, or 5X SSC,
1% SDS, incubating at 65°C, with wash in 0.2X SSC, and 0.1% SDS at 65°C. Such washes

can be performed for 5, 15, 30, 60, 120, or more minutes,

[174] An example of stringent hybridization conditions for hybridization of
complementary nucleic acids which have more than 100 complementary residues on a filter
in a Southern or Northern blot is 50% formalin with 1 mg of heparin at 42°C, with the
hybridization being carried out overnight. An example of stringent wash conditions is a 0.2x
SSC wash at 65°C for 15 minutes (see, Sambrook et al., Molecular Cloning, A Laboraiory
Manual (3rd ed. 2001) for a description of SSC buffer). Often the high stringency wash is



herei n. The uni que subsequence is unique as conpared to a nucleic
acid corresponding to any known OtRNA or O RS nucleic acid
sequence. Alignnent can be perfornmed using, e.g., BLAST set to
def aul t paraneters Any uni que subsequence is useful, e.g., as a

probe to ﬁ 1) y the nucleic acids of the present invention. [181I]
Simlarl ypre‘ie KAV GRS Hadsoarepory Saskeraad REbersi g insgeigle Tow

uni que Hﬂﬁ\a&ﬁ id Iy §S@Q! MPenht gﬁmﬁﬁllte%c![ﬁ%enfefap Dl h8] RERUL RSBk (or
O RSs disclosed herein. Here, the unique subsequence Is unique as
conpar ed lighen) Fi@hytpe‘-p@baﬂeedofor espundiated probamy taf pattinelwn hybligipeioni deny
sequence. m‘gléaqes]de'mgd‘%Qlyae%el?l%ﬁ&gh?ﬁé%%v| des for target nucleic acids

whi ch hybridizes un Itions to a unique codlng

o) gonuct o e B thoahager e el BRIRRN R Iy huleliReLRTBi 5

is uni qU@bﬁﬁlzﬂQﬁipaipﬁzﬁrdeﬁtSaSM| y@a@mhdm et mmemdhy@ldlﬁat@ﬂy B skdiRnce
sequences from whi ch

control tid e

synt|i et d%@éPng (ga'b:’r ‘g‘gg’ﬁ"f“ Pﬁ‘%@r@?{f@ﬁ‘ﬂv@@%‘?ﬁt@}é’&m@tﬁs Lippger sequences
mut at i On)hybhjﬂh'zé]ldﬁeciifﬁﬂﬂ?'l@%%h%f CenitfhRi.ned: afeflesdidbRY e lﬁgndlz&twn of
Sequence corrparl son, identity, and honol ogy [183] The terns

"i dent i cdielegyacilsrie é?ﬂnd i Jaisant §993)i wprhend o Hlawes epd Higgies Lrasd @, supra.
nucl ei ¢ @ghd Pkl YRGS &ielR
sequences org}gubs equen%gsd&tj\ﬁzstﬁ%gir@ﬁ?%zcm S nrg " ﬁ?\l}\%eg%? ecl %‘3( £°é any fest
per cent agaclsfc asiilno Fati ekaredd, duve determining| el@hlinetsmth hyridization smdewash
when compay & ﬂm ﬂl@%é/blqgﬁggnénoarnd h %{Hﬂ‘f&% ra?esg gcﬂgﬁ G Q¥ ed’ e.o., by increasing
conpari son W ndo nat as” nmeasur ed USI g’o e"gf
t he sequemuperatompacﬂacmmngl gdnr |cbhmﬁdmcr uiomdsm@edieunugémr caicheitation and/or

L A

" subst antwzh), ymnﬁensaeetaﬁ set b ciifdfa GeNhext F@f ekMBp16 UGBk &iyBriaichelsh &d wash
pol ypepti des, encoding an OtRNA or ORS, or the am no

acid seq LF@H@@OW argl ﬁraéuaqqg}lcrp%qeg P&t} ol bEes Ho Eergeéaﬁ Siichsd gpmplementary
subsequenggs; Winak si gﬁM% abist %ﬁtthﬂtwb!ttleﬁ@ % 2@bigt s tlﬁpo@se%@g T el%gngéﬁion

about 98% "about 9 nore nucl eotide or amno acid resi

i denti ty,ofdiranoromparearaghe argened for nmaxi num correspondence over a
conpari son w ndow, or designated region, as neasured using a
sequence [Edpari s Ofer BbtyoEE gmlﬁﬁmn@) pigeselocts trobd edvabtodba i‘-heabiﬂemlbng point
per sons [ ek

Droual bR p kit e Tod B2 L dorlir R TROAP b Bt TE B Bffend o1
typical | yat mmuwe«r efthe tEsb@quémeﬂm’ﬂ)mymsSQ apwf@dﬂltyunﬁatcrl&ﬂ@irmcé‘ot (heqmipmadas

ancest ry.. Subst t| al e st .0
coquonc et Eian iR s SrisyS ottt Ry Sthdnud Y raige b refty gfificgs ar
at | east sgkewd to HOULERSH W ESverQhaifl tHeCYl Obr Ofc s@%mh@%&ﬁueﬁ@@ﬂi a XRfned ionic

resi dues, or over the Rill length of the two
'strength and pH.
[177] “Ultra high-stringency” hybridization and wash conditions are those in which the

stringency of hybridization and wash conditions are increased until the signal to noise ratio
for binding of the probe to the perfectly matched complementary target nucleic acid is at least
10x as high as that observed for hybridization to any of the wumatched target nucleic acids,
A target nucleic acid which hybiidizes to a probe under such conditions, with a signal to
noise ratio of at least ¥4 that of the perfectly matched complementary target nucleic acid is

said to bind to the probe under ultra-high stringency conditions.



sequences to be conpared. [185] For sequence conparison and honol ogy
determ nation, typically one sequence acts as a reference sequence
to which test sequences are conpared. Wen using a sequence
conparison algoritlm, test and reference sequences are input into a
conput er, subsequence coordinates are_designated, if necessary, and

sequenceigﬁﬁorltﬁﬁWB@dgF&ﬁiﬁéﬁﬁh@?@hsoa?@mgﬁ@gﬂﬁﬁa?é&mﬁ¢ﬁéa§éﬁu@ﬁ@@“y

conpari sef.r&lserthd IBriaanos éxhd%&l \@ésﬁ%oﬁcﬂﬁoﬁe:ﬁctﬁ@Fel@%ﬂﬂ&%ﬁ@lz‘l@&pﬁs’sé}y For
for the test sequence(s) relative to the reference sequence, based on
the desi graneld. Peesgmariiclp deatirgeney of hBBidizEeheus wosh awdgmme [ate ippreased
sequence r 1,50 0 f d

arr - Opt Fa i AL 6 OBl SatI M SRuh R prle N RSty g
e.g., by compleheo@ty taebhwdgic adid ordtdast 0B, 3K H03R MAKernEWX ddwore Appigh

Mat h. 2:482c t [ t it f.

Neod emaits BANELIO 51 BT 48 041 SOTGTGY iy PHACEaaien 4 re

g 15 m2I42 2 [ %nfcgg%;abﬁdw}ﬁéh Be)axﬁmmo&(lj j;dob@”lﬁlliﬂer Elfcﬁféon(ﬂa@nslf, w1tﬁ\(h&¢gnajﬁ©lno1se L of
onput er| ze ement ati ons of these algorit

(GAP, 61t @E%#Fhﬁ)f/ %&g%ﬁrfeﬁi}/ %DWWWHBWIW%%%PWC@%F%&@ 1 R 1o

Sof t war e gRaakeoedeaRekhlthshi P HMRBRY S @hs. 575 Science Dr., Madison,
W), or by nmanual alignnent and V|sual i nspection (see e. g , Ausubel

et al., Quojent ﬁm%feeﬂem vJHEbH\d?J R Wy di R teleggayot(léi%‘éel SHRARLEERRItbhs are
[ 187] Cne exanpl e of an algorithmthat is suitable for determ ning

per cent S8l gelitratiallyyidantical iT4hel pelypersideswhichitheyraneqds aye shestaBLiaGTidentical.
algorith 2 i.C i C
ot ol ( TuBoPeRe P uon B albh L BTE Bt % B MR8 et B Bilon

Mol . B|oHﬁgﬂmﬂﬂﬁﬁanwm@lOﬁEQwaHSomkmare for perfornm ng BLAST anal yses

is publicly available through the National Center for Biotechnol ogy
I nformati on avail uggu ld Wde Wb at ncbi. nlnlnih gov

Thi I h I fi d f h h
T < o LA 6ok 8L AGSHL DAE,  AR RS e, SERUBEES i

sequence ,suwoque ’id ﬂ‘lﬁfezcrmﬁd: kbl@:ltedﬁﬁtm ﬁfe}&e@&ﬁﬁesmﬂ{)—tmﬂ -s\eati @®HSs dlsclosed
threshol scorﬁ%T when ned with a word of . the sane ngt h

dat abase "§&§uente™ g %‘%F R UPKING &5 CRBPHEt &B&lﬂ&]&uﬁ ?CaTeé Elg to
t hr eshol dn{ MdvafOURNGL ordd-RSSHRIe®) acidlRg8&hck NAlibdhed ea@h@ﬁgzmed Wt eg.,

hits act as seeds for initiating searches to find |onger HSPs
cont ai ni @&Ptﬁﬁl"eﬁﬁt trlefapts maraanaters o AL WM CesSUadUERPe) 1§ us lI‘PE:h e FPgsto
al ong eagir.§ 139&d@§ﬂ£@?m§§ﬁﬁ§%ﬁ mul ative alignnent score can

be increase atlve scores are cal cul ated using, for nucleotide

Sequencesy 81 he pgﬁﬁ[%?l& e iMehfiGianduds Ol ?)g;ep@dep ficiPleo %glt G 5."

resi dues; and N (penalty scor nlsnatchl reS|
al ways < Sﬂ)seqlﬁope A pdyrepiide sBepientes theaseqeaweenef GitSsidisclessedibadint (Here

the unique subsequence is unique as compared to a polypeptide corresponding to any of

known polypeptide sequence.

[182] The invention also provides for target nucleic acids which hybridizes under
stringent conditions to a unique coding oligonucleotide which encodes a unique subsequence
in a polypeptide selected from the sequences of O-RSs wherein the unique subsequence is
unique as compared to a polypeptide corresponding to any of the control polypeptides (e.g.,
parental sequences from which synthetases of the present invention were derived, e.g., by

mutation). Unique sequences are determined as noted above.
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cal cul ate the cunul ati ve score. Extension of the word hits in each
direction are halted when: the cunulative alignnent score falls off
by the quantity X fromits maxi nrum achi eved val ue; the cunul ative
score goes to zero or below, due to the accumul ation of one or nore
negative- scoring residue allgnnents or the end of either sequence
is reached. The BLASIHSBYH® AEALL B aRaiaAlle NCEY, and X determne the
sensiti Vgi% jand 'fﬁeﬁeqnefadm?caﬁ’l dr %ﬂt“adeﬂiﬁr %@%T&\&m&a egfvml(ﬁl% nucleic
nucl eoti de Sequences) uses as defaults a wordl ength (W of 11, an
expect at iagd or (PBlypeptideOsequences offer Oftwo0n maveBequiskaces or aﬁtﬁe@ueemﬁhﬁl BoHhe
of both 0

25 dof aur tE B Tiye gy e BT Bl fue SRABRLARE el HERe RGN S Sine
BLOSUMG2 véen rchmganed tani xligsek fodenaxkofif o&nbiemn&mcé o@mgzempmmn viNaddw, or
Acad. Sci,. .USA 89:10915) al.i ) ect ation

VS, N A RO SOl TR D "L SiRTeS DB e gD S
typi cal | yeR&r {oprofsl alidrifhrhd) 8vailable to GRAPAESS biinaty kiigrintiié B oOb§ manual
[188] In addition to cal cul ating percent sequence identity, the BLAST
al gori t hitfigraet a%%Ylﬁ‘&lHﬁP%Ctﬁlatl stical analysis of the sinilarity

bet ween two sequences (see, 3% Karlin & 62 Altschul, Proc. Nat'l.
Acad. Scill84lsa 9@71‘58’?8355 S?bs(fai 9@) yden@aeé, nBaligr @t §lfrﬁ“l°alf“|1‘t1‘§}c acids or
provi ded pgmelnﬁleﬁwgﬂnﬁhg eﬁeadh{g ansoiﬂlamw RESdr (AR qaetgecmehye of an O-
(P(N)), whi'ch provides an indication of the probabil aé

mat ch betR&éeﬁfetsvm mwree@ned@qmﬂceﬁrwrnwba@uem%éenémee@t lmﬁtal ouSééMr, abyut
chance. Fgé, %&ﬁpbﬁg?% %H&t%af/ agd £y HBY, %gﬁ%@ﬁh@%&&é & Pobfd! 2did re
reference séquence "est sum In a conparison o
t he test 1dmt1t3e|vdwacccdnpar@1 tahd alhgifmir &ncma:numhepm'rapomﬂehee logsrs a tdvaiparison
about O. ess _than ou ar. ess t han about

Mut agene Sv{ %cll 0 §* &Bﬂ%‘}a%%brle%%ﬂ‘l a5 m%ﬁs aﬁ}nﬁ'e é%%eﬁclfecéjntpfgmll eillgonthm (or other
Pol ynucl e.(gbndmmdﬂamé negoingl eSordfnatyhailpinesent) drivyendnuainlignaentsad visnal

the invention can ul at ed. usi ng nol ecul ar bi ol ogi cal .

L echn! quESPeA UGl BEhi TRPEBHANC SR SENEG e Rie SELGA ot I dSEF P be
si t e- di r eghR6lopdi:20RMaN: Sofbian@G6 AEEIANGBesiyt h‘Sﬁ@é‘t\i@dHl i@Raly” nstdadsver a
Al ternatively, t he nucl eoti de sequence nmay_ be prepared by chem cal

synt hesi gegion plcthagpangnesstthaide 2 least plaayt @%ieswew lspethm selagoH aé lagtabaet
synt hesi 28§ ... dMek & ¥e% 4%1991“&{01!:%9515&@%5@'}%1&%'&%% hass: g %ggfl BE the two
am no aci d sequence o desired polypepti dé,” and prefera

sel ect i ngedusose icbdonspar¢tht are favored in the host cell in Whl ch the
reconmbi nant pol ypeptide will be produced. For exanple, several snall
ol i gonucl[#8s]i des Foc smjumgpef empaosdn wsllmoleg}ed@e’min%@npmpiﬂpépmdeeqmlyce

b h d d bl
r : a(S: %/ In E) n esgg}g a rgf%benges %%ruenc%qo %Q%t SE!} 69&% :ﬁge{] ?orﬁp&réﬂ 6\5\@815‘ udi g@% rQequencc

189- 193 céﬂ;@&ls)an a&goﬁtlnﬁﬁﬂeamd&eﬁ%hpdﬁehummﬁ hreaingutiinwoL pon@atiadsdigequence

reference herein
coordimates are designated, if necessary, and sequence algorithm program parameters are

designated. The sequence comparison algorithm then calculates the percent sequence identity
for the test sequence(s) relative to the reference sequence, based on the designated program

parameters.

[186] Methods of alignment of sequences for comparison are known to those of
ordinary skill in the art. Optimal alignment of sequences for comparison can be conducted,
e.g., by the local homology algorithm of Smith & Waterman, Adv. Appl. Maih. 2:482c¢
(1981), by the homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443

(1970), by the search for similarity method of Pearson & Lipman, Proc. Nat’l. Acad. Sci.
USA 85:2444 (1988), by computerized implementations of these algorithms (GAP,
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[190] This invention utilizes routine techniques in the field of
reconmbi nant genetics. Basic texts disclosing the general nethods of

use in this invention include Sanbrook et al., Modlecular Coning, A
Laborat ory Manual (3rd ed. 2001); Kriegl er, Cene Transfer and
Expressmn A Lab tory Manual 1990 and Current Protocols in

Mol ecul ar %%Wgy ?Auaa%éﬁFﬁéT%ﬂn fheggsconsiy Gapptios) yefyargadgp. Peneties

whi ch desgsihigermolagulsas RiigleabcaliREANWTYNES bPGhide B  ang |
Ki mel , Qui d%g%o &‘[é’ecul ar 1Clconl ngl 'Igechnl ques, t hods i %%ﬁ?yno ilsgqas

vol ume 15@speplicid étrec eBr edgsubeher a Saﬁu@iﬂégé’wt@szlq Bérﬂj@éeyulmsﬁméoéb

al ., Ml eg) ljﬁrg lg}bonl ng - A Laboratory Manual (2nd Ed.), Vol. 1-3,

Col d Spri ng r Laboratory, Cold Spring Harbor, New York, 1989

(" Sanbr oo and r i

St ol Ll ATC oM GER O b O SEHAE o RieRtind pleaf iRl
Publ i shi mgelﬂﬁjsalwi serjesnce lsnoilargn s thd MSW&Iggnt&nSmdﬁLAS‘iﬁ 0 algorithms, which

(supplenent 9 ri. b

nut agenes{ 8. eﬁcﬁ edoléle‘tg%%cg\%l %tg @%?@%ﬁé?’s kg ?gﬁég%i%%%cﬂj r"*é*ﬁ‘g%ﬁ% a, L.
t(r)\pl cs r IeMgI: e}sio% @ 15610g-410t {1990)96f$©ftafﬁ.ﬂeofbrqfer@)];ﬁﬂﬁ§ BLARUI Mmysbsﬁm bolsRly
t hat t t t t

el ude SEFORTGHTSIRbrb® SEhge (anst or HAEeiP ey AR e fajeble a the World
ort hogonawlfia?mbs at néi hRANRl. SURtNELaSEmS 1@@!5[]893ﬁr§t5ﬂeﬂt@ﬂifﬁ%f high 18ting
Various types of nutagenesis are used in_the invention for a variety
of pur pos¥guence n@rsdéis%g) bytdepbiying shpxt seprdsoof lepsth M duthe meveiequence, which
synt het asge0h a{cR¥PSatiskPs ﬁﬁl%%ed%%}ﬁ f‘c% T%h‘éﬁ%ﬂ?ﬁ&‘e% WD kP8t
of tRNAs, to nutate RS 'nolec to produce t)rarles 0

synt het ass sano lgmgdiduce deiebase tsoquenerdohss reforedhiess the elebbohoed ok score
that encog Ci r t

i nt erest . g.relehf?olg? %cthgp erbﬁ{ﬂ %?pec%m)?h 50 131{191 8% glllb%ﬂ%odp&éfﬁqﬁfcgt eh:g%s %Eeda for
point r numagemgasaas:;hehmmhcb@wa Hﬁtsmmbianaﬁg thiarn. DA vedrdhfth ereghar exdtikied in
recursive d eneS| met hods, chi r| C, conilt ructi on, r.nut agtenes b
usi ng ur ad T SEEHIHP RIS eaP‘éﬁB‘il‘%‘r’P%es 6 1o At H1Se BEHEL i Hspinght scote can be

mut agenesmsl,eas@aos;mmrle@ltvb isonbeandichiard vbiNg, fofbagRie Skuendad! B QRARSGIeSers
usi ng gapped dupl ex DNA or the |ike, or any conbi na5| on _t hereof.

Addi ti ona SeVEdBrercnidr obdr PharingBRIpcsadwach 0 gpdilY (penalty score for

nut agenesl'nﬁzﬂa&'hﬂl% £ERRs! a1vAof Lod)eHor BRSIe /LA @éc{i'@nces 2 sconng matrix is used to
restriction-sel ection and restricti On-purl fication, deletion

mut agenes¢aoulatoihe sgeniasie sipye.t Brtansioperfdhs yardrutsiia caqlistisFicansare Aplied when:
break repgi, cﬂm&‘iﬁgvet ?H&JJHBEFSCOM?SQ&@ Bi ‘ch%qgaﬁtﬁ‘cﬁ')f"ﬂléxﬂgts i abhiBlddeiue;
., 1S also i ncluded in t

to, involvin I Meri=c construc e present
i nvent i onthe Icmnm!a‘eveaﬂmbmcgq&em zezmmlt lmy@neislb %o ’dlamccbmnguloded oby okmoxgrmegative-
i nformation .of rr|

1at ur e _or
mut at ed rapararTy e eRaPTTG R oL RS B o P TR T grepyen
sequence, pEaAieRGE, T,ompal 'tlaaﬁtane mb)ssnsnazhtypm pedet |oeshe adigomatiarfhe BLASTN
tertiary, or quaternpary struct X?‘? Strﬂf e.qr tqe i ke. .
program (for nucleotide sequences uses as defaults a woralengt V% of 11, an expectation
(E) of 10, a cutoff of 100, M=5, N=-4, and a comparison of both strands. For amino acid
sequences, the BLASTP program uses as defaults a wordlength (W) of 3, an expectation (E}
of 10, and the BLOSUMG62 scoring matrix (see Henikoff & Hentkoff (1992) Proc. Natl,

Acad. Sci. USA 89:10915) alignments (B) of 50, expectation (E) of 10, M=5, N=-+4, and a

comparison of both strands. The BLAST algorithm is typically performed with the "low

complexity" filter tumed off.

[188] In addition to calculating percent sequence identity, the BLAST algorithm also

performs a statistical analysis of the similarity between two sequences (see, e.g., Karlin &

62



[ 193] The texts and exanpl es found herein describe these procedures.
Additional information is found in the follow ng publications and
references cited wthin: Ling et al., Approaches to DNA

naut agenesi s: an overview, Anal Biochem 254(2): 157-178 (1997); Dale

et al., d.igonucgleotide-directed_random nut a7gene§bs usi ng the
phosphor otFCBH: g—‘]@ﬂ%ﬁ%b@ﬁbd%%’tﬁ S8@3-g 87 §547389 Uppmpapyiseyt similarity
Sm th, | Ny ¥dilidny Y BRSNS b SrithAY i theRe411e ERAG probab ittt 29NG 0 A hich948edides an

Botstein & Shortle, Strategies and applications of 1n vitro

naut agenesdigation Sef B crrobabdity 193 whixdy a (mMYgs petvwegn tiep, mugjqogidejor epiag acid
i nut ageng i & ) a bid it 38 eafhii6d;

ol i gonucl g%?mﬁvgﬁ‘%gcgéb%a%%%eﬁ%sﬂf}%%ﬁé R#&H g?cl ’Eﬁ)e 5{1&1!\)%)? 119};1:0
Bi ol ogy (zﬁefw*tuee nequbnceal thel sntdllest, suib. fvbBabilay sn a CSppamsga of V@rtbagguclelc acid
Berlin) ( 87 an ef f| n

it agendS T8 TEEHSA R0y b ERaRretiambR e kbt REFY Otog deos g about
USA 82: 4885192 (1985); Kunkel et al., Rapid and ef ficient
site-specific rnutagenesis w thout phenotypic selection, Methods in
Enzynol . 154, 367- 38Radeh&fs/dnd @BassMoktulal BiolohiTattiniqiiep r epr essor s

with newDNAblndlngseC|f|ct|es SC|e 242: 240- 245 (198

Zol ler & &l h, @Y&Bﬁgﬁﬂéo?’i SORPERIIES P ﬁ’ﬁt%@%‘ﬂés‘@é@&@? R “gea in the
ML3- der i vigekryige b8 1§ maRpulfd efihk G2 BH1GRHE tRIniBhac eduhGedide stdince
production of point nutations in any DNA fragnment, Nucl ei c. Aci ds

Res. 10: 6u87benoueiasypodiized bﬁéﬁlt%ﬂ@ﬁqdﬁnut@%%wwé@qdaw Wit eqitveigional

2 0SS R UL 5 o M S5 R s

d i gonucliedniide- i et edmitzdt dgedysivsinga agi mikenuvishidd sigitlvgizemo wherein

ol i gonucl eot i d lan te . .
in Enzvrm(i(?lgo’i%0 5999 §§Bsa%]rfgg]?§édrj%a%legdbme Q&{i’ %ﬁ ] Wﬁ@h?ﬂreﬁ’%&%ﬂﬁld@
phosphor anhbi mfeeﬁam eelkaihgDidst reotl@st that taie favenaly ire the @agt cdhsn twhich the
prepare nicked DNA, . Nucl. Acjds Re 3., 8749- 764 1985): Tayl or et
AR Bt T g e A R T
hi gh frecg yf01U drliens PGS RIRSFAt gﬂlﬁ:@ﬁ@dermdy bk @ﬁltm&eduuglasseﬁmn@%mR,
13: 8765-878 1985); Nakanaye Eckstein bition of restrictio
endonucl é%@om\léll Ligatipn ehpingactisg phe<Lehd e 6t6ﬂl el tolipd AgAadGi1ES: 189-193
appl i catl it S herDicl . Aci ds

Res. g %lgoggbpgel?lfgé:ﬁq%w%gﬁg{r%gg{c%da%%f&%xonﬁcl eases in
phosphor ofifdloat e-Mhissmsemslongsilizes eotinel éechiignest mdhe Aiglit alywsebmaningraptics.
o O e SRsE S i Rt 190 Bier PR g B w8 e R AR BRELLE! S ERVAVP,
of phosphorothioate-c¢ B Wi Th restricti

endonuc| edssulizn Ctldsrmgor&s[ezhme:to@ffvfemmﬂ c{anm nd b?&@rﬁ dgriegla9 88y I\Imiﬂsfer and

Aci ds Res, 16:. 80 . _Kra et . Jhe9a PDNA - Bi
appr oach #%’ WW@OH%I%@&%I%%W@J&Q%Q %%rgf, r{g go%s‘%%@t froffolegler Biotogy
Aci ds Res(aubdiel eR4444:94964)).1984) ; Kranmer & Fritz

A igonucl eotide-directed construction of nutations via gapped dupl ex

DNA, Met hpds] in Efbluyﬁl){e-xtsmﬁcﬁE&Cﬁﬁam()ﬂagtﬁir)blollégaﬁlabclﬁlﬁqtﬁk includeyiegaee dnd
enzymatlc |n vVitro reactions |ntheTg ped dNP >c<1 %roachE
ol i gonuc! sErnele Guidegtor Molecular Cloning Techniques, Methods in Enzymology volume 152

Academic Press, Inc., San Diego, CA (Berger); Sambrook et al., Molecular Cloning - A

Laboratory Manual (2nd Ed.). Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Harbor,
New York, 1989 (“Sambrook™) and Current Protocols in Molecular Biology, F.M. Ausubel et

al., eds., Current Protocols, a joint venture between Greene Publishing Associates, Inc. and
John Wiley & Somns, Inc., (supplemented through 1999) (“Ausubel™)). These texts describe
mutagenesis, the use of vectors, promoters and many other relevant topics related to, e.g., the

generation of genes or polynucleotides that include selector codons for production of proteins
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construction of nutations, Nucl. Acids Res. 16: 7207 (1988); Fritz et
al ., Aigonucleotide- directed construction of nutations: a gapped
dupl ex DNA procedure wi thout enzymatic reactions in vitro, Nucl.
Acids Res. 16: 6987-6999 (1988); Kramer et al., Different basel/ base
m smatches are corrected with different efficiencies hy the ,
met hyl - diffraéc@éladw?%eéné@ti@hﬁmﬁﬁ;{&ﬁp SipepEsh gring, 3%985i orggpgmal tRNA’s,
38: 879- 83hédeR8yntheakdsin®laidkheredtMPr oved ol i gonucl eotide site-

di rected nzut agenesi s using ML3 vectors, Nucl. Acids Res. 13:

4431- 44431921 985) yafidlid §hes of RERNES: A6 neQNHaheRl baRNGbf 8¢y of purposes,
nzut agenesi s usi ng M3 vectors,” Methods in Enzynol. 154: 382-4%3
(1987); Hphidiegbrhdeh ligitedniok F Produse neyel givniewsssl eothNes toomyiate (Ra
|l arge d 1.0NS i 4, ; R

| mpor t angle&%)ckl%ﬁyﬁr%gg%qebl%%t%fdo?ﬁﬁnlﬁlﬁjsbﬁo ?lgln]asﬁzi %% ?ﬁ(%?urllégé’é%gmtﬂ {rl%eﬁﬂé?rﬁl qu'nOf
st at e of spultades,sionproPhid seldtan®doR, tSaosertLehedior AoB8dig: thatd 8&od@ 3 selected
(1986); Nambiar,et al., Total synthesis and.cl oni of a e.codin
for the “PrBbftfeafivn SF splpPHOedr Bida® 355 F9508 pioeR FE 0Ty S8%. W
Sakmar amgedtbd)nandom boimlmuisynkie Siosmoddbue xroadaiation, DNAasigefimgf @r other
the al pha-subunit of bovi ne ({o .out.er segnent %uani ne . . _
nucl eot i dEVBYYRITHGEPISE ARG {ie CHYSTIREAT MUMRSCASISREENe ol containing
6361- 6372 h888) ; oMeddusletlid@diracted Casi@iskResiZ Ut BRBERRSHEIoaRInEdifibCi emiiA
nmet hod for generation of nmultiple nutations at defined 65 sites,

Gene 34: JIBAWRSiy, WOWERPNeSE WREsIAPRIA Bl DNACT ithroliie Pttt aabinatige thegeof.
rrrut age%%itﬁm@ly suif AP HOSEHs Cinc BBOLBAThiABRE fpath %ﬁit%em&\“}i&c hisinBClefsir-
Res. 13: 3305-3316 (1985); Mandecki, d'igonucleotide-directed _
doubl e- stdefgichthosiakrainsp sastriction-pélectivn dod ofstistioheuiipationc délptionamuisegniseisl

for site- Lfic i S r A SCi . .
83: 7177- ﬁ@%{%@%‘é@aﬁ%&ﬁg?%’?heﬁlrgb?@b#%]aéﬁ rli’g%rﬁgﬁ% { lnd Highice, Mutagenesis,
envi r onnméemfisling bt wattlireddniop mviolvily dtimetio obisgyyicts,dis 450- BEd¢dl BORE present
Si eber, et al., ture Biqgtechnol o .19: 456-460,(2001): W. P. .C.

St ey, TRl S0 SaBodn o EEhsigi ) B FAps S ok Mosidh, of te
Nucl ei ¢ AgiugglyResurrid3, moi388d o8 alek898) mubskdi hit@any odaindhd sodtulpyiding

t he above net hods can be found in Methods in En%ym)l ogy Vol ume 154,
whi ch al $8t BEdERiesls. FREBERTe, THRTICH CIMPHIORS Sl §FP(198’tTi‘3r°’rgsebﬁ“‘(516TyeFF‘éﬁmy’

with various.auk3eenasis et Qdsmd k9 1@ | gonucl eoti des, e.g., for
use in nutagenesis of t he "present invention, e.g., nutating

librari _es[l%?‘} Synﬁﬁgtt%ﬁgsdaldoéxaﬁ’rpfegrfblﬂﬁl LENASqesaiR TR ﬁﬁlcE&m‘eS. Additional
synt hesi Zed "chemically according to the solld:ghase phosphoram dite
tri est er imferrhgpnde SewidbiadthpyolRedng avdicatens g rgteraces citpdt widliadhipg ot al,

112 AT B Rl S 17

12: 6159- 6168, (1984)cleotlid-Aokcibd rawdlbint inougerssemtigaifeyplamyharatieic ratiod,

comor ci an Gt vel BACK 28 T7L Thaohh Rt B P out stk Renety Gone

(merc@l 119a30BR M) 985 NBoicic@nk INFRld, SabicGRn endapanyofWifi: YERE Biuegaesis,
ExpressCen, o ] _
Science 229:1193-1201 (1985); Carter, Site-directed mutagenesis, Biochem. J. 237:1-7

(1986); Runkel, The efficiency of oligonucleotide directed mutagenesis, in Nucleic Acids &
Molecular Biology (Eckstein, F. and Lilley, D.M.J. eds., Springer Verlag, Berlin) (1937);

Kunkel, Rapid and efficient site-specific mutagenesis without phenotypic selection, Proc.
Natl. Acad. Sci. USA 82:488-492 (1985); Kunkel et al., Rapid and efficient site-specific
mutagenesis without phenotypic selection, Methods in Enzymol, 154, 367-382 (1987); Bass

et al., Mutant Trp repressors with new DNA-binding specificities, Science 242:240-243
(1988); Zoller & Smith, Oligonucleotide-directed mutagenesis using M13-derived vectors: an
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Inc. (www. expressgen. comnm, Operon Technol ogies Inc. (Al anmeda, Calif.)
and many others. [196] The invention also relates to eukaryotic host
cells, non-eulcaryotic host cells, and organisns for the in vivo

i ncorporation of an unnatural am no acid via orthogonal tRNA/RS
pairs. Host cells are genetjically engineered (including but _not
|imited tedCq gisEBIeEdr ocedisat eaodiciiot et edyorm it Wy Revd fragment,
pol ynucl q@lidessQls e, PIEGRN6s0DY Bk P N7 er CRNSEAHCT BlioMlcebri bG48
a pol ynucl éotide of the present invent’ion, including _buf not limted
to, a vecwdrgenefs yHAVAfasesuisicaredinto B! Zisriors. dathase in Eapvrecdahqsl:468-H0
cloning v I . r i vect or. l e,.. i .
A e e e B S A
t he pr ot eiligotaldoddadenmvatond ediaiestopded BN tbipkedMetodeneErexpob 4 §4:829-

contr ol fhat  are functional ,in the desi st _cell. The

Cottor carOREt ot BB sl erhd e H P Rt g TR 3 eSGia e

phage, a /BagbRY lopFepdre Viidiet DN, NRIKE A c I8 IREAUIGH 8P4d-BIE4 (0989, TOMYruGal. elhe

pol ynucl eoti de. The vectors are introduced into cells a d/for _

mi cr oor gdAPE BB Eean dar BEFREE RIS 4RI dITHEM AT cF oﬁ_(ﬁl}lat (R Pr RS

et al., F}Ih@ﬁgho%zbcﬁe%%%edsgwﬂ, WRA1.8ReidoRe4 11:1983)97851 MOEH! MNARarYye &
|

viral vectors, % velocity balTistic penetration by small particles
with 66 fidieeinubliditorae steictipe endgryeiease f¥eé L wkeerase Riphoplionolbeatrsererps

particles, ,of , ﬂlictaggn?‘ 5lfzgao . b8l PrecRll nithagen e, 32is REQ- 103 9679-9698
(1987)), an TS the |1 ke. 8 everal weld - nOV\WﬁWc}I{s_o

i ntr oduci(hgEd;clayers chelc| &i3¢ Lacmdgabantio phephe ot aie-busgil lodpbraicleatige-diected
1L, SRR el NPT T RS, SIGLLSEDL 9% g B o
el ect r opqiiatihorythipirejcectinigs DivAiaeamint with aadriciivheativomcabdshin ﬂizelmksence

vectors (discussed furt e tc. ial cell n be use

VoC ! anpl (4G A G5 NS msaG 1 APy et weh DR gped fifder
i nvent i oI hgphack bl digorl@edioWyctd | RaRhasesaneidhenpl assiid Res. 12:
within the bacteria can be isolated by a variety of nethods known in

the art (YéEIToFLBMSTameer SSHir GByclaiddtiaciosrorgiucson g mutations via
conmer ci e calyizgn. McES I —_—

bact eri a,aga%%%de?&@ﬁg@?i%ggé;ﬁ?&ggﬁ 1&%%&33?’!\34% (8%1@2’ fr orfé;1 Péﬁgﬂrihgc}ingved
Bi ot ech; BpmatiaCh e@rTidhéiarm’SthegrppprsnbpleadtiA QuprSpTWiRrowgidgdincred
The |solat g And, BRLLLRM: RLasMdde Ree (09807 HobBeteiRl BUlGH Bl ide.

produce ot hier pf’é m' s’ ect ce i ncor por
rel at ed v#etet scoharidibecdf ougdamss s gappePi dualex NEELDvGedpon it enzymatic

transcription and translati.Qqn_term t Lanscripti.o .

L ansl at BRI vise; SieLasiliReCeS SRR bR Lotpalie Rl Bt eren baserbase

regul at i opisRfzchfienexpressi onnodifbe: gaditicead| Brihe hifgelireviel DN BBindich-

The vectors optionally conpri s.e?{gene i.C %r essi o cassgt} es
ehe 0

, expr ess : .
cont ai ni ngPaaEYSEsEts sAd ek B Up i AT 5 dlsdipemied e iks e
permtti nﬂréc%Q'ﬂnﬁ@%én@ﬂs Qbink 87 £ 38884 Bucll AcRIKBLY 03:0543101443 (1985); Carter,
prokaryotes, or both, (incfuding but not Timted to, shuttle vectors)1
0Ol,

and  sel elvrond mdigkesceoride-diseeik! priénearssén il Sevactr § oYiedody ¢
Vectors afG. %’i—k@?h@ﬁ){;"iEghtedarzadeh & Henikoff, Use of oligonucleotides to generate large
deletions, Nucl. Acids Res. 14: 5115 (1986); Wells et al., Importance of hydrogen-bond

formation in stabilizing the transition state of subtilisin, Phil. Trans. R. Soc. Lond. A 317

415-423 (1986); Nambiar et al., Total synthesis and cloning of a gene coding for the
ribonuclease S protein, Science 223: 1299-1301 (1984); Sakmar and Khorana, Total

synthesis and expression of a gene for the alpha-subunit of bovine rod outer segment guanine

nucleotide-binding protein (transducin), Nucl. Acids Res. 14: 6361-6372 (1988); Wells et al,

Cassette mutagenesis: an efficient method for generation of multiple mutations al defined
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replication and/or integration in prokaryotes, eukaryotes, or both.
See, Gllamé& Smth, Gene 8:81 (1979); Roberts, et al., Nature,

328: 731 (1987); Schneider, E., et at, Protein Expr. Purif. 6(1)10-14
(1995); Ausubel, Sambrook, Berger (all supra). A catal ogue of

bacteria and bact enoﬂphagﬁi useful for cloning is provided, e.g bz/
t he ATCC, sigs.dlsnetied IATEE (€235 Gpuestidn eB@Jet@lfaoau%{?ﬂifdeé@t@é%eﬂd%@ﬁéem

(1992) Cherna gt HorbhiSenPUblhanednly Ahg ARIOGS. 3@@%&@@19435?&1%1&1@1(1

procedures for sequenci ng, cloning and ot her aspects of nol ecul ar
bi ol ogy @hgbmnlaemdeycizwgferl héobltitcal! ensirduwati gismidseohlfsehdiglindedlin a

X\ar’r:aflogaﬁt gg%ﬁ:?} _8'35%&]2_%& 1{??% r%,e.s'mg%oéeﬁﬁl!dl Agﬁ' %E : FU%?: éﬁlzgfdﬁ 8(1a§1 d86),

vi rtual | yAainid, |i=abeleenginetieg g”o;amimdualmtrhmnefﬁst, dhadand Opimiowin: Biaetiaclddy

can be cu n ord fro n a va

comrer ci a‘?ag(g]ﬁf é@%gug‘ﬁ{’%{s eltt?i %ﬁﬁ?rﬁ glo?%ﬁ‘ﬁ?gyedlvg ‘E@e %%) ?ﬁ%ﬁpynyp C.
(M dl and, Stl%n@mm%alaaoomg-mmaénj dnemda Wolimat, INB4sCanG Dikleicl AGIdEREA23,
Aneri can Gene CA avail able on the World Wde Wb at

na,

genco. comV67- %&B%s séééﬁmﬁleiet?(ﬂaqp@y@ej of the agqv nehrds B beremagh Meigda in
Veb at e M@?ﬁ Ffliihe 1 5DSHA als-Betfe@&}QJeQQée%ﬁ cbﬂt?ols fﬁtl%ﬂﬁgashogﬁ)(% R&lems
many ot hers 198] The en}gll neered host cells can be culture
conventi owalnvmquﬁmemgewmraet ¢isdi fi ed as appropriate for such
activities as, for exanple, screening steps, activating pronoters or
sel ect i ng{1914]ansf dPlgantgcotithesee. céM ysec an moigenrsil 08 thyepresdot upedtipit ®e.,
transgeni e LRNGE

i sol ati onI%gtngﬁg%lﬁ]tazlrgg o{ %ﬁétas#@ 5 eﬁﬁé&ent G §re 19,%11312jl g?lgﬁfsségfl achemlc§111y
i ncl ude Feroestfdngyto( 1O B4hid @hhstemlmspﬂformm’mmw Ilmthcai esoubdd by HBawiage and

Techni qu | rd edi.tion I r k and t he ref

cited the %m PE%% ‘i‘f) gnew 2?@??% 86216&185 Sy SO ‘??Pf’n esmm
Liquid Sy@t@mbé@hﬂNWdh@m VanDenster anal., NNeteid/Aciks Red\Y:2:63m9baing (md).
Phillips (eds.) (1995) Plant Cell. Tissue and Organ Cul ture;

Fundanent gbs] Met HadgdiSps,| cagakiallabnyMarisd aci®pid voarstove bl aignddde bdered from
Hei del berg New York) and Atlas and Par ks (eds %6‘?‘1{18 Hz%.ngq?(i) ok of

M cr obi ol &5 ¥a? ViRdY &1 cU0TSIcIERRPFR SECh By pitthied Reggynt fipmipany
abi ity tE,dNEehRRBLS W ek Hmaitad GRS CSmhnk Q&Y. gélﬂ:‘bcboﬁi) OEﬁpréb%Gen
invivo offers a widé variety of advant ages 1 ncl udin |Cg but not

linited thehivghy gkmbasergfonpuPasren Tpehoploisivs Ina exlampén Coibs end mppy others.

potential to study the nutant proteins in cells or possibly in living
or gani sns[18AH t helThesiavestion hlse eclpigs ntukpivetieheps ciﬂﬁ Il%?léﬁ@(ﬁﬂpéwst cells, and

{reat ment & ANdn Ak AGRORG, HREBoraidhGe AP Ukddkital SO GLHAS, HMRLHEGRNARS

ami no aci d various sizes, acidities, nuc eop
hydr ophobpaiist | &®st eeid ot @netmabp@ngmesed rﬁ'tnoluplmgtlmt net demitgl emtttzylsformed

cxpand O 80 LLLY et Bht L ST Wl TS sl

new pr ot eywRkh Aicled=gagl HinBlevdidd oMy plesdnt mpemttme&oluﬂ’lﬁ@ﬁﬁl hlﬁ lﬂh\iﬁd to, a vector

POLYPEPTI DES OF | NTEREST
of the present invention, which can be, for example, a cloning vector or an expression vector.

For example, the coding regions for the orthogonal {RNA, the orthogonal tRINA synthetase,
and the protein to be derivatized are operably linked to gene expression control elements that
are functional in the desired host cell. The vector can be, for example, in the form of a
plasmid, a cosmid, a phage, a bacterium, a virus, a naked polynucleotide, or a conjugated
polynucleotide. The vectors are introduced into cells and/or microorganisms by standard

methods including electroporation (Fromm et al., Proc. Natl. Acad. Sci. USA 32, 5824

(1985)), infection by viral vectors, high velocity ballistic penetration by small particles with
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[ 200] The incorporation of an unnatural amno acid can be done for a
variety of purposes, including but not limted to, tailoring changes
in protein structure and/or function, changing size, acidity,

nucl eophi licity, hydrogen bondi ng, hydrophobicity, accessibility of
protease target sites, targeting to a noiety (including but not
limited tihe nycic acisewhasivithan feymatrix od analy derdsion PElF enlor pndbe surfice (Klein
”DleCU'eq}%}&%&ﬂ;ﬁ@?@OR@Wﬁﬂ?ﬁ AiAkAGBI1RY a radionuclide, nodulating

serum hal modul at'i ssue penetration (e.g. tunors),

nodul at i ctiv t ;

T o LIS B 030, TR e st 24830 sl
pr ot ease aveigibsy a:m:cef WbICb caPbotisidia thhatvemirml lﬂa@semcmqampmof ﬂarmmment

acid can h tlegac e opl se(p nt | r , CLECTL 01%%101{: (r)or t%l 0 nys é;n%nt,
propert i es S For the ﬁ'%%m 6% A BTURHI D RATTY

nmodi fi ed ah% nlfzcﬂiotlShm‘mfﬁﬁ vedton r@dl;actusml: ﬁlﬂlﬁﬂrﬂ&lov@c Biﬂ [Biabtenﬂ cRlOt B used to
toxicity, biaqdist ution, structura perties, ectroscop ,
properti gaipli %ﬂ’@rﬁ“ﬁ%ﬁ gﬁlﬁ%} 1 Bﬁ%tﬁ%@rﬁlggl COB?tBJﬁEﬁr‘{ |t i§ IyeRfigR.y %rﬁ?: bacteria
abi lity, Jabfowhi ttaqog AGh Udi gk Ilsxugmlammhiﬂ it b@aeﬁaoeanafgiumaiéalbfrd 4Ry of
ability to react mnt ot her ecul es |nclud|ng%§ut not limted to,
68 coval enttheds dnowa e fizaarbhierior Histanesh Sampiegl). TheaddBinpokits frgrgmmercially
i ncl udi ngwgl a%ieefoP%etﬁﬁ‘Hichﬁtﬁ{ bﬂﬂasnﬁhs 8@%.cRA8 (BN UrE%E i TﬂfOF%ﬁiP@e ™,

are usef ul For I ncl'uding but not Iimted to, novel"" th er peltics,

di agnost iboth ﬁ@a&’hmtapm Rinteyimadratdeadf fpal Stl@tﬁgylmgnd 5 lAgiapdg™ firot @iags:).
(i ncl udi it t t .
i ted 1o pifed bl ilaidon AY hAPALES mafital ) piodiOe it iymics,
Dougher t yused ﬁﬂ@@&sftdm nailu palindunporated\ditd s:easademtmﬁ tcoﬁnfEtrtodrgam‘sms. Typical
Structure_an n, Qurrent Bi ol ogy .
2 64e- 6592550 i, BetsaHidtE o o Fethafon o BupRaRE: FHCTRICHY Pl croRgetion
limted tigitiafdn &@aﬁicei \w8d padmobiedsiseful Rreegulaionl Fasd e)fplbl{smnaif thepaticular

five, at |east siXx, ]Lﬁe]ast seven, at | east eight, | east nine, . or
at | easttafﬁétﬁm(ﬁl’e‘cr&ﬁ‘% T XERTR OPUHAHY CHBPIHS. SoRs %ﬁﬁ’ﬁ%ﬁw &RSsgiis fgntaining

aci ds cany h&sitdhe 11%@@@1&%1 teﬁﬁﬁlﬁtﬁf %Bancb %Jy&éﬂbé&% eﬁﬂlttuﬂquepllldaﬁbﬁ %FlthE @assette

t here can be 1, nor e f er ent
sites in infekyyeesion Rlﬁ@@yqimut@él J(mc}gldmg bua o hnsted?to @ut@e vegtorgand

or rmore ?lefzt?d’neﬂlﬁrkeﬁn?)?t%'ﬁfIprcﬂ%ﬂﬁﬂc aa(ﬁ‘i Lica m A sl antja?sVSeastmtglﬁg%r

one, but Tewer an a ticu acid present in
protei n irgplutst artddtr éldegv'atcbn molcmmwumadalwmsm bath. diee, Fanlam &iSweih, Gene

o cin WL gD 93 OO L, €6 e e el g o
t he pr ot eaén)loan GlB@ﬁ)ud&tlsﬁligﬂ) ?MM?Etﬂtrgére(a@Mz@EMpeﬂ cz@iiogmanai Us@dria and
WO, O e Sa
S SR R TR LN X

unnat ur al ,rapk A8 ACHES BERR- i BBk N ] 198 Bhertl T ef/e g&ds? rpu@h@as:babw ahé onTof.
a multiple unnatural am no acid of the sane kin | east one

di f f er entAdshifebbagic RPHBradPY sequoppe. Bpnpesad oty ﬂﬁ%ee&saf Agolgpular biology
pol ypept 'aqﬁ%n@éﬂ)hﬂg BESStcaMbdifiRlatb st aRD AT EER, ef ol (1992) Recombinant

DNA Second Edition Scientific American Books, NY. In addition, essentially any nucleic acid

{(and virtually any labeled nucleic acid, whether standard or non-standard) can be custom or
standard ordered from any of a variety of commercial sources, such as the Midland Certified
Reagent Company (Midland, TX available on the World Wide Web at merc.com), The Great
American Gene Company (Ramona, CA available on the World Wide Web at genco.com),
ExpressGen Inc. (Chicago, IL available on the World Wide Web at expressgen.com), Operon
Technologies Inc. (Alameda, CA) and many others.
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amno acid in eukaryotic cells, proteins or polypeptides wll
typically include eukaryotic post-translational nodifications. In
certain enbodinents, a protein includes at | east one wunnatural am no
acid and at | east one post-transl ational m)di fication that is nade in

ivo b | ar ygt |l th ] ational. npdi ficat
< ot a8y 5 Beoairiic B eIk ol BE calieg. i R et h R

modi fi Catﬂa@cﬂlﬁbd\%ls U@ EopribiRC o huidg é@tﬂm@@%' Fom dx@ehpleD scred®ifl Yotadh,! 8tivating
acyl ati on, g d- nodi fication, pal mtoyl ation, palmtate addition,

phosphor yﬂrarep FS Orgielreting praslorakiag d besscrells ean orsienalfl he ediirest insniranagrpic
the like.oLiisel apRkN&m 1%?09&5:&3 et,cp%lp&?ltlselﬁi?d}ls&ﬁlt éLﬁ{‘LréTgedébf fo?@tttﬂsgtrfhent
i ncludes proteol ytic processing o precursors (includin no

limted twyclegadad tsohitinn)pnelsde §r¢5hﬂ3@6(ﬂ9ﬁ4t) Ghi 2 al Eekis plef Basic

) 3 i | ¢
B: gglr” _sorTecllfﬁrlggcpi lgpcﬁ{cﬁ‘tﬂcty Whé} E%'é egf gﬁg{: %@t ﬂenr%geﬁ%{ce%clpeld(%Ler%% ll‘ayhe et al.
assenbl y ({1992) PAamndletliagd Enuaauct Cmtm:m bigoid $menarivhe lilagré& Sass &b Ngw York,

transl ati,op. £0 _anot her. te in | | inludin ut lipited
R U O G TR
appar at usMethbés SPEEetSab VSRS @ibﬁﬁgerﬂ%rﬁﬁ (BB $heidefRrNER CIRIHH Avtlas and
chl oropl asts, vacuol es, etlcf, or .thrau the secretory pat hwa 2 | n

y
certain : el @939t Pas.doca Raton, FL.
Iocallzatlon sequence an epitope tag, a FLAG tag a pol yhi stidine.
tag, a G3tMlusi orthegbility do II’P%&OITTQO‘Q?at%l Ay wrdspiisretlyi g ROlsHStB vivo
in a cellomid h @m@e&a@i%eef A RBE itk Min? P RS fn'nﬁgd t@‘?ﬁéht ?ﬁﬂis & Cmutant

also a feature of the present invention.” For exanple,

i ncl udes RiPiGWSHEshnidaheasn thpprtopial tettudydblé wriant preteows|in celmpesstbﬂsemdedmg
conpri se I

and engod i Sleneelb Ak nEOIRpAAR BunenBRAL yeleRs e M GRE s,
the cel | Therdbhlgy tcamprdesesiatuzal aotith egdnwith thN#us(ﬁ)sdsRﬁdﬁc}htmshamcleoplnhcmes
function in e cel nd rec mzes t he sel ect or codon

or t hogond BRAaEEcT - piael RERRTAS R RS b el aresd a iy 1o
ami noacy lrati@sliy mad@ysﬁ&iécmuyhnmﬂpnaelteetmﬁbt@m R0 pastbidls, Jorit6 hdbg, prbfem
0- tRNA conpri se pression activity inp ence of a cognate

synt het agB¢pna8 Blc?ﬁ@é“le‘f"d’l%\teﬂlwf %Téf‘%?m%‘é’&%ﬁo"e PEPERES N produced by
this method is al so a feature of the present invention. [204] The
conposi 5.;101 onposi tions nade by the

met hods ¢ e Presert i r—opttora -y are in a cell. The

O t RNA/ O-[R®)jpai r §h6r1ncdlﬂ@iiau¢1dbﬁlanclﬁﬁiﬁml’eeI’Hm?m@facidhearpbescﬁaﬂé fbﬂ‘éefbhb@nof

can then be used a host r.ans ion machinery, which
resul ts |1Wr%PS§SeI‘@b{dé1&§ l&mlﬁﬁfé&;ﬁg fo, ém%’rmg ﬁ#ﬂ%?ﬁﬂnaﬂm@}ﬁ HiErelEs grd/gdipgion,
i ncor por %%ﬁ@ege Badiift @hbleofPalieR! h?c&%énc&ﬁﬂdﬁ{gs h&-@%bﬁﬂk@é@?%&@ﬁbﬂﬁy of

entitled "Expandi ng the Eul car yot| c Cenet

entit | ed PrORASYIIVER NCHRDERATE loN @ne‘fﬁmmmm@tm Nioitadtoder 2 Mot pisey),
this prog G@ameand %I%gmhw QRR %&&gtber aPiBY 2 ps{;ge?,n gﬁ%chﬁg 2S8R Gide,

when an OtR S”pair 1s introduced rnto a
modulating serum half-life, modulating tissue penetration (e.g. tumors), modulating active

u.

transport, modulating tissue, cell or organ specificity or distribution, modulating
immunogenicity, modulating protease resistance, etc. Proteins that include an unnatural
amino acid can have enhanced or even entirely new catalytic or biophysical properties. For
example, the following properties are optionally modified by inclusion of an unnatural amino
acid into a protein: toxicity, biodistribution, structural properties, spectroscopic properties,
chemical and/or photochemical properties, catalytic ability, half-life (including but not

limited to, serum half-life), ability to react with other molecules, including but not limited to,
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Escherichia coil, the pair leads to the in vivo incorporation of

sel ected am no acid, such as an wunnatural amno acid, e.g., a
synthetic am no acid, such as derivative of a | eucine am no acid,

whi ch can be exogenously added to the growh nmedium into a protein,
in response to a selector codon. Optionally, the conpositions of t he
present iAVATYGR TeBFPVBENIY 2 theylika. ¢ Flae cq%@ﬁ%qoa% mshldgg%s&reﬁnsébat i lugs
in vivo %v%ezgrfoﬁé urlhZQRl Ao PLRS GE ub@l R A QIS SRE) HbRK to, novel
i ncludes a selected amno acid, e.g., an unnatural am no acid, (and
any cor r dkqrensdiicsg deanistios. watelysic enaha, indugriol snRyBEF, bindingdustendinclyding
nore sel ) 0,

ot hods. gy By REATS/asEPRLEE, RUIEGAE HR P ke ROTRASE & Mo @R Suonee
or nore safl dototidn arﬁeaoe g,clm;mghd&lq ﬁQO@m{ﬁmnB&ralmdmotxéczdajenf’rdbﬁs to)‘ié’rorem

hundr eds hous .0f wh n be nodified
to incl udsg'”Brf"fée‘W rﬁﬁ%o’h REUr 2 AR : ¥B 28 4%{}?0 il or| ng any
avai | abl tati t hod cI ude an nore a op

sel ect or on i {ge ﬁ? §tI°§?’| 18% @?gij}%trﬁm%%@& Z‘H?reﬁ%eéﬁ
reposi torﬂn@§ aft(IHastkﬁQWlt wagt@wgt lene kinde: 1een Bark, ENBLst ellgﬁmt RAd pideor at
NCBI. O her repositories can easily be i dent i f| ed by s archl ng the

i nt er net .legsbisp] orTypccHmplpral Eng, peide dhe gnaatugl gmind peife gy beH, sage or
| east 70%rabn:l SAGLInEHH rdt 1111%@% tﬁé}e/ocal%ehe@sg 90, at gl 9a&tio9é%me
or at least 99% or nore identical to any available protein (e.g

t her apeutdiferpitoites i the rdetagndalt dosmsisodednd, &b, |6nau§at9 il 10e9r29008 dlﬁ@fﬂl’f
portion t he onpr

Sel et od Aeal anfhoids APk m Bk JEkaUIRY LATRERIRE a0 perie
pr ot ei ns e améprdseltrmdlna‘ pretbiit B submb;tect withrike unnarwalear@ab acitdle dFoami gieen
aci d, nnat ur al _amn no ac found, . but no

to, tho sg] ?tﬁ 11% 0 gﬁgjz%rxegtg?atgr al;(nfno Gao{}ié(t F}g nalllar%m]t qitiing agids yantrge 18611’510&1
Geneti c Qodéferedititelutiing Sut RattlenitedAppthe @ﬁﬁctlﬁ Ran HetudaktwiNamnere different types

10/ 126, 927, enti t led "IN VI VO I#ﬁ thO\l OF UNNATURAL .
ACI DS. " [BO7IAVAL FRPp ZFES HisaH o phibe spge spppiyel 3wpg 6@% gy Vel
i nterest LQEnPRH hRRe A 8RS nnahiRall HEnsREIGIthe aREAtQFal GEHFROSEL BSHOthe
the present invention is encoded by a nucl ei ¢ aci d. ¥p|call . the
nucl ei ¢ aemg BEERI G escombinaian of 3 ailiil seradiralewaan 2igo! fresemetkips with at
sel ect or 18&%98{%%11"@1@& dnﬁé‘tﬁ% thieecsel ector codons, at least four

sel ect or codons, | east #lve sel ector codons, at |east six

sel ect or [géons, Beztplbéaslag peteEns Qemebpmﬁdéﬁ)@ﬁrﬁ@&eaft witk g tleagi gig unnatural
sel ect or codons n [ r

codons. [aﬂa sl n%seucogg&c cnllls %résc ? %% 2)0%}?)9[%%{3? ’V\él%tet 9£il}@”ﬁ‘%§§‘§% e
can be mﬂoagmsizxadlahsnmmmmmﬁ cvmahh -erbodimane, angrotdin sdclides iah Idakicone

dd i bed. h '
Bi ol ogy TERHEEES 16 AT At Y BN e TP EoLer At S e b P e °

the incofip@yaid &M, dfhed Belpeatiedsianinabmagifidatic. i§ not aRdéBRAtH6IalyRi .

acid. For_exanple, a nucleic
For example, the post-translation modification includes, including but not limited to,

acetylation,  acylation,  lipid-modification,  palmitoylation, palmitate  addition,
phosphorylation, glycolipid-linkage modification, glycosylation, and the like. In yet another
aspect, the post-translation modification includes proteolytic processing of precursors
(including but not limited to, calcitonin precursor, calcitonin gene-related peptide precursor,
preproparathyroid hormone, preproinsulin, proinsulin, prepro-opiomelanocortin, pro-
opiomelanocortin and the like), assembly into a multisubunit protein or macromelecular
assembly, translation to another site in the cell (including but not limited to, to organelles,

such as the endoplasmic reticulum, the Golgi apparatus, the nucleus, lysosomes, peroxisomes,

69



acid for a protein of interest is nutagenized to include one or nore
sel ector codon, providing for the insertion of the one or nore

sel ected am no acids, e.g., unnatural amno acid. The invention

i ncl udes any such variant, e.g., mutant, versions of any protein
e.g., including at _|east one selected am nq %Eld Sim | t he

i nventi oﬁméﬂCE@PdFﬂc PRIEROB8 1S, ¥ &LBERdP Ry OR (EPES: theatgepriory;p “"ayénf“ certain

nucl ei ¢ agidaiehi, %epr%lrﬁ&fn?prﬁ)@sl 8 GLQELH RO ABcA R oL RGAERS, AN6HiRdhe MY &
sel ected am no aci d 09] nmeke a protein that includes a se ect ed

am no acifdAGReE, aamiylugtéhmﬂ)tgg, 30@$T &usipmdlor the i sns that are adapt ed
for the in vivo incorporation of the selected amno acid via
ort hogonziz(}?d RNA/ RBtisels pEprodipging e platein iy eceletiéh p eelpttod eniioreidragd specified

(e.qg., f ) e

vectors tpﬁgfl Orgél%‘r%'ggs? ftE tglra’oo?[t o& 8%% ﬂl&%ﬁ%’ ?%Ig&)ag}\rgﬁﬁogonaldq{lﬂﬁ% sgrowing,
synt het ase an apdo@iaientdinn, ﬁatceﬁnwbdemetdaﬁ cpm@tisésm mmldheacdeéthavmlzrésds at
Each of .71 thesF [of0) nents can be §P th W@ cto%b gr eac H@ 5
be on a SEPLYEEICFRELEPT APRGPCOLTHHERERY & BRO BT B A GHE TE PG 4K "R
third conpoRantiufRr @08paeRday @ethogonall EIE\IMQQI-@UNE)amat Benctibay ire¥@rqelieand

in the formof a plasmd, cosmd, a abc |um a vi
naked' parEBEroRbisaBoobFodbne g s abB sl HERRUGERS) that

SYSTEMS [2di@lentpNeindihostl latdsadd @ﬁtm@xem&e@le s@lé&b@)é%ﬁn& ac-,luntmﬁhag‘fel the O-

unnatural _am no acids into proteins in non-reconbi nant host ce
nut ageni ZBHAhenseprises pupprespion poigdly inf pressnes of @ fagnatpapithesasp Zlatf‘?séﬂﬂséf'fo a

am no aci 591%(;%4 %c!?ioﬁ eg &%%ﬁﬁ Ogﬁbcg,% fﬁfﬂﬁlﬁnétﬂ&&s%ﬁo %Ttmlg/y iR es-cg:%tr mvention

resul t ed e conversi sine to N2-acety em cal

synt hesi 5[ @ﬂfgopﬁﬂé’ | SR ro@'tg@t QAL ol hQHdtc%g%pﬂgl%ﬁoﬁﬁhg by the

unnat ur al acl t he recent devel opnent enzymati c
| i gat i on metbodsatfi the wbrend wbnﬂmngapﬁqmnllx)farqoepai@& f Thg rRNA/Q-RS| gairs or

p055|ble .1 roteln

H Kent, (ﬁvﬂa é‘lﬁgmpoxgg (ﬁ_%ﬁ] piggn Jfgen 1()5 agb?xen gesl,%ﬁ dn ?%pep st%ﬂg tr%hslﬁion
| i gat i on rasdineat i widcic hemuealh hisghticdamaine ad&s ce.g.badmatnradl. SinPaceintbeing
No. 6, 184, 344, U S. Pat ent bllcatlon 412, U Pat.en
Publ i cat BTG i 8 MPBB0 G CoNGPBSA TS Ngb%ﬁ‘?gﬁ/é%\%gb%%i%@am%
are i ncorpeagbes dietieiRagncad e1% 907, Anfgigaera VWOV MCORPORATION OF
blosynthetlc net hod i n which a su pressor tRNA chemically acylated

wi th t he GESNATERAINAN QI AGHR e dresripei Bisapraedss tadaprei Hepealsd diareia &y
capabl e E%ere?ﬂ:’ PO, BOnRIOtEhd Bh QS YRYRRSRS, FQ@%S begfiide®dnth0s host, e.g.,

site-specifically I ncorporate over 100 unnatural amno acids into a
vari ety dfschrifia aof, @ﬁpmlrrlftadatd the anyive ingerpogtien obsedected\aming aciGonpl atan

D. Mendel

54: 621 ( 160RF T oy B gy & s AR REO RN, i gq Fyuca 1t gia
Schul t z, whigenar aé cﬂ@gehmﬁklyf addedi tbethe gpech falivmgc onpar@bdiedn nofresponse to a
unnat ur alsefj‘eg‘gop 80 on. d(?pt{orr]lgl?y, Qf;eo E;(?rglgoséitlo§g Io ﬁl%emgs%ﬁt 91'1%6%11&)%80'1& 36%811? )ah in vitro

translation system, or in an in vivo system(s).

[205] Any protein (or portion thereof) that includes a selected amino acid, e.g., an
urmatural amino acid, (and any corresponding coding nucleic acid, e.g., which includes one
or more selector codons) can be produced using the compositions and methods hersin. Any
polypeptide is suitable for incorporation of one or more selected amino acids. No attempt is
made to identify the hundreds of thousands of known proteins, any of which can be modified
to include one or more unnatoral amino acid, e.g., by tailoring any available mutation

methods to include one or more appropriate selector codon in a relevant translation system.
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and, J.D. Bain, CG Gdabe, T.A Dx, AR Chanberlin, E S D ala,

Bi osynthetic site-specific incorporation of a non-natural amno acid
into a polypeptide, J. Ain. Chem Soc. 111:8013- 8014 (1989). A broad
range of functional groups has been introduced into proteins for
studies of protein stabiljty, proteln foldln enzyme nechani s and
si gnal tﬁaﬁ%ﬁah%eﬂﬁweepamrfomﬁ S kRPAP TSR dRF uc}eé?%é@ﬂ% EPERY B and the

pressur e Ndo rcﬁl‘?él%ﬁo%ﬁ@néé’%ﬁn danehe Rﬁﬁhfi&i by@é@ﬂc&h ﬂ¥e|lﬁteﬁ{e@ m scuity of
wi | d-type synthetases. See, e.g., N Budisa, C S. Al efelder,

W \Wengerpeh- M Thobgdry, ke ﬂ}@t'éﬁhg%?e @% aBieaH'-ﬁ@J% at %%"/Q -at ie%% 5, at least

(1999). An auxotrophlc strain, in the rel evant metabolic
pat hway $0Ppkyleny Y0fe at ddapt I torzat lerat ?99(9 9k arorq éteniienl tapitnevaleblg prefein

R

target gémrelike, aepthey se:dpnseﬁchnet dremarselecdl amist adtid. ondi)garrgﬂecsvﬁfhhqarquac,
the natural am no is de ted,and .r aced .72 wi

innat or Al G S DS P EES R 0o b e HRRAR P BRLeoe S e seleoted amino
recombi nagit, ROt & MnndtRGUlafrSnd Aciiheard ®6 U@ tHu® Mo flinfitddr @, &hébe in USSN
contalnlnglthe unnat ur al analog%EFor exanpl g, is. strate

h
i n andUS2PL00PuPleEn FreggHIeH Pﬁw@tﬁé%eﬁev%e(?epo%ihsr Retgnt Applitation

pr ot ei ns geandnugpBl bbﬁuw@v chanrataNl $1vo AookdeRaTIONt hﬁ UYMINATURAL
spectrum whi ch can be easily identified, see, e.g., C. Mnks, R

Huber, LANBYQAEIDEAd N. Budi sa, Anal. Biochem, 284:29 (2000)
trlfluoronethlonlne has been used to repl ace nethlonlne in

bact eri opH¥ide T4t gesginerebadimends, depprpted qripodpaptdec yeyept (or portion thereof)
chitooli C

b, V. R BARLE AR Ry S D ecerfiol iy ol pd R BY S meeic aefa
trifluor dly;amelly;ehdnaslelchchmmepaﬂaasednd seleptoa cedoof atllwbtwreselector codons,
{gﬁg : ﬁ,len Leﬁgﬁ “{Cﬁrﬁ%@ (E;'\t'%l %thggoéw&, glleasp 909% s gg}tglafl)O&%ltl%E iqag %ve se\]ﬁ:’co’& codons, at
Pet ka, Tleabadiﬁsélmr ddloiks, at 151&&,@5@ sﬂétdoaﬁ.odé\ls i leasebilght stlegewcoddnemt least

Int. Ed. Engl,, 40:1494 (2001) I\/breover sel enonet hi oni ne and

tell uronélﬂqﬁsﬁ}ﬁfﬁﬁéo%{jroé&ltﬁb?}r%?ﬁeé? &0 988" ar i ous r ecombi nant prot ei ns
to faC|I|tate t he, sol utjon_of phases in X—ray cr st al | ogr aphy.

e . W 081 Fiend CeRrSTHINEOT Drgteip bt pRIYBARECES, ONDLeTes ey 06 1 (bl lsing

9: 1665 ( 199ds wJell 1@10%%%90316 Mskine sk andVescHbHakl sin de@ “I\rmﬁ)gﬁlesﬁ’s and
Dunl ap, L. Lebi oda and Hat ada, Nat. Strict. Biol., 1:283 (1994

N. Budi s&)he, MslfféiﬂpTéquiDgYD@?ﬁélﬁ@éeS”GO imlRd SI2oaME . E| Elseion sodaRqloR the
Huber, E'*fnmécamg & oc}%hs%hggtred %il%ol?&d (e]gi W mn r grg%l adno B eygmplt'a anucleic

Karnbrock e| nbac T. Neue el nd
Mor oder awid B a prddein of ihterMD lis mBfag¢nized 27 McBL§ ohd 9OMpre dokechor sedaveproviding

anal ogs w t cene K ne fun ti.o haye

i ncor por g?leﬁméiaﬁ’eftécineﬁﬁiy O3 PEW R %c{r@%élé at%?dg’ngg %Il %'%a ?ﬁgnwdf The
pr ot ei NS i¥enGbe Mohales aRABSHh ﬁ&&nt e gg Jputdnt, @&sxvmoﬂ-delsftpio’and elg, 11@0111du1g at
Tirrell, FEBS Lett., 428:68

D. A Ti s pne selecigdyamiph gfid- é%ﬁlﬂ)a“}iztﬁe i‘Zﬁ%“"(nzﬁffbﬁnﬂugﬁsdcoq{BSP‘Eld‘% 1?1‘8%“’

and D. Acilisf (8] bny TateRhesd eih 66 94 &bre selector codon that encodes one or more

selected amino acid.

[209] To make a protein that includes a selected amino acid, one can use host cells and
organisms that are adapted for the in vivo incorporation of the selected amino acid via
orthogonal {RNA/RS pairs. Host cells are genetically engineersd (e.g., transformed,
transduced or transfected) with one or more vectors that express the orthogonal tRNA, the

orthogonal tRNA synthetase, and a vector that encodes the protein to be derivatized. Each of
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(2000); U.S. Patent No. 6,586,207; U S. Patent Publication

2002/ 0042097, which are incorporated by reference herein. [2121 The
success of this nethod depends on the recognition of the unnatural
amno acid anal ogs by am noacyl -t RNA synt hetases, which, in general,
require high selectivity to insure the fideljty of protein

transl at | BFC CHEPORERS C8n éﬁp%hﬁlet%%@es"@afﬁé St eatchl‘@“r}?t %& JEBAEG VecLakvo

the subs ttfoﬁip%néi@:?@dnfﬂe%tcﬂle QEct8MHAQRCHlra tHRM L RUNE DL ER8EE vec Bk N8/ can
been achieved in a |imted nunber of cases. For exanple, replacenent

of Al a294bebforcixgmpls, Bsibhdeine pf & plenid, ashenid alphrse atbﬂmm@ym Meesa ganaked
(PheRS) i t bi ndi ng pocket, and results
inthe a F};rﬁ?%ﬁﬁ(gf QIET’E{%@I?? %ﬁ%@lg&ﬁgnyl al anine (p-d-Phe). See, M
Thba, P. mg%ﬁsﬁﬁgecke Bi ochem stry, 33:7107 (1994). An
Escheric rboring this nutant PheRS allows the

i ncor por n of wPhen ni.ne,in.place .
of phenylafgpgnl ne. % egal' &%%YAS%%%B@ 8{1%153"% o qﬁﬂ%“lé él,%m%it‘é%é a@é@t ch‘% wto
364: 272 (8@}, 111a1|Itd1,-1ebbmb1ﬂ&1tSh‘lBt rel]s, Rzutfgmizedl hokt céIBstol ancbemﬁaé systems.
Tirrell, FEBS.Let 467: 37, (200 |on
(305er  nddFEHE IO AT drds vl HYe Sl ek Endh BaPeCebitd T sl n
tyrosyl - tifNAcons¥Rioh e bASIgsine StoS N VMaety10lygihé, OW Gieadiyal Oﬁnﬂ%siﬁsoalb@ provides a

i ncorporated nore efficiently than tyrosjine. See Hamano- Takaku,
T. | wana,Sttsishigrvasd piehed IR mePéR@é“r‘tElluma’Wrall\ﬂ%Wé}@rﬁMdﬁﬂ %ﬂ% %éﬁ%ﬂ@%d‘ﬂ‘ﬁlol’mem

Sol | and FenNmsicTith@en dhd MBkio cheqi@dﬂigah%ﬁ%f $3%R ffa%@lg% it {s9b3dible to make

Anot her strat'egy to incorporate unnatural amno acids i nto protelns

in vivo ilsreelopromie f yees st Hotadeavsonand Fabe Fp riowttr Sail. dipvnBedeheiis i 923
h
These Sy'ﬁl@&%)??ﬁa%m?&?gr o d]eqigﬁﬁcSﬂ |naiGe t@l%‘i’m&ﬂ?{g%{ﬁ{ Sreebdtal ﬁ1 @rg "Mtent

acids that are struct S m ar to nat ur al
aci ds. This @d84844,sU SOI’PI'&EM é’dbiactatlan @épa&()aﬂ/@m&ﬁtlé Unbri E#teldeﬁldyﬂcaltce]sNo

brotel n_ tROACEOR BN e A RE b5 B T oL i 2aer Toitby b s bhatsluce
i s di sabliegkin.stA uehéreinin ainml mgsyntlhat nﬁtl&adninsahichvatslqﬁ:resaf&ytmsdc abﬁmhhiey
editing functlon and ge i ncor ted. This a roach has bee

denpnst r ACEHEC EER A Joird RHEY amne-2 fHetdsa Y“\?%fﬁ%&“ cgpable of

V. Dor i NGguppbrt OfaZbiobynifdsis, MBS, uskd ﬂe sitdeRREikieH B0 theoMpordde over 100
Crecy- Lag a?gb“% p&@ |rrrrehwan P. Marli ere, Science, 92:501 (2001

Val RS camw@sﬁh ANGBE JAPISE dNtORNAWATLY i toROtEips of Tiuallyr annsizo b e rag e
(Abu); thes ﬁﬁo%cwgﬁaéﬁnarp P ﬁﬁl&?Ai 8. GHE Yo S,gﬁekyﬁe@zl ?5)

the editing domain After ran om nut ag SIS O erichia co
chr onoson®,/. hIormt Srit AedloingrGabil, MdEb| Grifiigt, rRaGn Swadizs &l eatead métbad fassitg-

nutation in @ﬁ é?‘:ﬁ e[) ?%%AVI Lfnna%{cﬁl (%;if%sa%}.s m?o gdc;%n.sd %fcfe%é fz% IS\éa S%%1989),

i ncor r ect¥y°
resenbl ESarﬁy.SD( B&H, Cdh.asipb®T. LYBix| A.R. e{mhﬁlbaéinmﬂﬁhmeﬂ}@zmynmbm) sitetshecific

o B FSORROAES o B 5 LB o1
8014 (1989). A broad range of functional groups has been introduced into proteins for
studies of protein stability, protein folding, enzyme mechanism, and signal transduction.

[211] An in vivo method, termed selective pressure incorporation, was developed to
exploit the promiscuity of wild-type synthetases. See, e.g., N. Budisa, C. Minks, S.
Alefelder, W. Wenger, F. M. Dong, L. Moroder and R. Huber, FASEB J., 13:41 (1999). An
auxotrophic strain, in which the relevant metabolic pathway supplying the cell with a
particular natural amino acid is switched off, is grown in minimal media containing limited
concentrations of the natural amino acid, while transcription of the farget gene is repressed.

At the onset of a stationary growth phase, the natural amino acid is depleted and replaced
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spectronetri c anal ysis shows that about 24% of valines are repl aced
by Abu at each valine position in the native protein. [214]

Sol i d- phase synthesis and sem synthetic nethods have al so all owed for
the synthesis of a nunber of proteins containing novel am no acids.
For exanple, see the follow ng publications and references cited

wi thin, whifcheaneargl poicossd 2aHles k dpclipncof exppafier Of tha_recsrlblﬁﬁl@rprotgn

WAt t s- To t r o
it 80 B0 SIS GRS O bRt SRy bl 0 2ot e

pol ypept |thie§traww m Elﬂdep@ﬁmwhemfﬂalweazl@rv@bﬁm a:re;zmoeatﬂbmtaqmtem,sand
on (he S BLRLT)BGLEL A0 BRLS0 G 0T 5l RAEL L oL AUERLyioly e
31) bi ol ogalocabl M:iaka,leerEem iLdedomiier md)E\IelBlshSana!Jnathngolg_nyz AR& 20 AZ@O0Y;

em Res, .22: 47 8 Sasaki, T., Kais E. T.
Popt | o SEBHaR-ChuHeIHY TeaR AL oot RESarn Y iop e prgivmie o
t hi osubt |sldd§|1@,mtéra€tr@nmﬁﬁ |ch§§lﬂwgo§a@9ha3ﬁ@ﬁg§ﬁl@ (1 %ﬁm s | 18| HeDuele,,

Kent, S B H Constructi n% roteins, dovet a| rot ected
3]

synt het | ©38pYi BednsoasrEoRetlonek. o F-’flq"@ } afé"é triflpgralepene has

256( 50 54)%&?1]110 Brafei9H Dlace GPRLKRD 1re§u1tM§ DSBSV N8I and %Igﬁ %taﬁﬂ‘i%/ of
pr ot ei ns, It Rev Biochem TI1 55-301 (1981); Oford

Prot ei n aelngumﬁe@ppqngncuymc heei ezl Ynﬁmﬁ* Fhitaain End. Petk@é@ I\iaBiaJlrmaB?W F.

(198\7/\)e| 2 %Q%CE%?& B i\fﬂé‘hﬁllpg_“&‘i%%gerq}mﬂl ’Int% EP% 14§E@Hnt 001" id@er,
R bonucl ea]sﬂon@etmohime Ldmdaelhtralhetﬁammeyam mcR@sranhdemto ﬁmoeaacec;ombmam proteins
o o duoud B B o SRR K gt BRI N Gl SRRt
spi n | abat sHam ﬁﬁd ponicl.anistaeEMBO d., mmﬁsl(ms%)mvot [BblesSKe Leerimgli, M.

i ngl b- StRRed DSy OOIEH dalebioB i chisd M%ﬁ?&éfd%

(1987); Kai B&disa, B. TSteipha® PREENES, 3., Eck&@fécbrhai ﬁeifemfﬂil@ a1 Gder, Bur,
nodi fication of enzymatic specificity, Annu Rev Bi ochem 54:565- 595

(1985) : I(Bipehsm., B301788 (180%)erned, NDBsdisGhWnikeaibroals 8t iSeAnseh@nyy iHam, L.
ti 2 7 8

St S SSREREEA L ZEMT 4l RO (A0, D o8y, Nolinoe

243(24): %@Egﬁ&ﬁﬁh (a]]l@ﬁ@)ca ﬂbyxgarfqncuon@ittlemhave B@ndbwen Facoepgrateh 2{freently,

Zﬁ]ntcﬁienmi § 8\%1115 I Cahgmﬁdﬁr rred, %t‘ \rllgbilﬁte%n %l s, S ﬁ%glﬁlgl a' @ vap Hest
Schultz, £Ad®. A. nﬁmanwmlscmmlezszsm(w%q;phm @8n Hmi Kpbdﬁﬂcﬂmﬂm Q\. ﬁiméilaﬁ
Loto,anii bork SO 90 5 EopnSeLeneT s A2LAR0T) TO00 040 (450 Bhus
pol ypept i des)ofuy. s heaRres@Nte sIp/emt 108, PaRMi PabBRcaviah | BI0Z/00B2M0TW which are
incorporated by reference herein.
[212} The success of this method depends on the recognition of the unmatural amino
acid analogs by aminoacyl-tRNA synthetases, which, in general, require high selectivity to
insure the fidelity of protein translation. One way to expand the scope of this method is to
relax the substrate specificity of aminoacyl-tRNA synthetases, which has been achieved in a

. 2
limited number of cases. For example, replacement of Ala**

by Gly in Escherichia coli
phenylalanyl-tRNA synthetase (PheRS) increases the size of substrate binding pocket, and
results in the acylation of tRNAPhe by p-Cl-phenylalanine (p-Cl-Phe). See, M. Ibba, P. Kast
and H. Hennecke, Biochemisiry, 33:7107 (1994). An Escherichia coli strain harboring this
mutant PheRS allows the incorporation of p-Cl-phenylalanine or p-Br-phenylalanine in place

of phenylalanine. See, e.g., M. Ibba and H. Hennecke, FEBS Lett., 364:272 {1995); and, N.
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pol ypepti de sequences (e.g., conprising selected amno acids (e.g
unnatural amno acids) in the case of proteins synthesized in the
transl ation systens herein, or, e.g., in the case of the novel
synt het ases, novel sequences of standard am no acids), the

pol ypeptides al so provide new structural features which can be

recogni zedhemgd.gR. Furtar. FrifaploingdP o TissHalERS Thi. 4§EALLE0PbSiERlarly, a point
anti sera, mﬁ\ﬂh&{" Pﬁ?ﬁ@s&l & | the Qﬂrd}l% LB g H%?ﬁ%'ﬁeﬁsc%: zctJ?lﬁ B Qﬁ%E‘}l«tRNA

i nventi on, as the polypepti are bound by sutc

anti sera, syathetaae fenthora t@falloﬂwazepmmﬂto bg meuwoiamd miﬂq@fﬁce@mly than tyrosine.
"anti body" used cI S t

pol ypept IS 2, 's Jano- tal? {élﬁ,g‘ Ig%a(% d§ d§abi’o \Pa.uoi, M%gaté 1, rﬂd&?&n 191 ﬁltabatake D.

i nununogl SANArS. g&mﬁﬁmaQinﬂa@namtzﬂsMBE#éﬂmOMhlch speC|f|caIIy bi nd

and recognize an an _te ant i es includ cl onal

ronoc! ondifoh; metiotie! St e Eorh A AR B G B S g vivo s t
Fragment smedify | SYRMBBSHsOMat | e bRGHYAHMNY hedhahibi@g e mtiese N hE@eHTe Birtot
produced by an expression library, including phage display, are also

i ncl uded {ipprinyBate apdntegg{piepsiyate Fipe agdh e pis, S“@é@laﬂé’ %jmﬂm tpsthpgggnate
Fundarrentl?altur!ﬂrr%ﬂﬁl chéfs 4l Fegror 1§-%%%ect§?‘é@rh Eép%?a%e sﬁ@v"wmhkdeaf:ﬁﬁtes the

antibody structure and term nol ogy. [217] For 'exanple, the invention
i ncl udes Ipxsghzegm@nna@iémdtﬁm HiertgNthte mENAa tdidghty @uotein tramelaperesEribe

! nvention %h@éadﬁ‘@ at%kLllg?g% I%é: %nglgtarsé) 108 &b?e%t sl &uaP a'l%ésctﬁlit e tImsactwated

i munor eative OF “anti ser a gener a
innunogemnqpmmmusmagdmnv&mwnonamiUenseqm&mﬁh’Hﬁmmgkommdaséemldmnmmumﬁd

Cross- reactl mnth t.h e n

subt r act elﬁc‘?ﬁi ]éli‘/é}i‘q 1 % thetgss @haugg) ﬁg 1 %%’El eﬁpi?l 3%%%% |]§e
e.g., t heraralcgwtfr al. Hflalmbysmpgﬁ diescfelwlgagara he. Ed:lhﬁlnrtgypﬁd o, @ﬁe&hae Science,
corresponds to a nucleic aci a pol ypept encg t he nucleic
acid is getrtertdt @§0End kg% amswwwgw &%Igf\éfélr aﬂ@ ‘EW 2%’81 g aminobutyrate
purposes. ﬁAﬁu? 18kse! dneABatey Bhie8 ! acld@ TR bubsbdiR N UDARBEEY bYIES editing domain.
pol ycl onal antiserum which was raised against one or nore

pol ypept i d8etorandons ypdazsnesisap! SgSebpréisecalherewpsquie, & mutget fywdgichia coli
about 30%&% LR sé Qétéd 1{%9@1541 aSHAHCAC R, B MR dire JhGamal qiuspéaﬁteafe%acalze

pol ypept ens derive protein are collective
referred VmIRlSehmmeaﬁy tﬁhdn@snmmw anﬂlcCySpdfoeﬁp@ptAhje@eﬂcarth ecsemblgh CB’SI §-SH

antisera |s Og#bﬁg%{;{éﬁl%% S Gn B 118 mu aﬁft)%sa]lise 268 L r%t%ggléLpﬁﬁo

the cont rgf'® ues an SUCH" crogs redetivi
renoved, grofkins Wlen ﬁlmmmt@ﬁibsm?btzmnﬂ ,comstr:kimm@cmn hothe ;@éseﬁdmeofcmm. r Mass

honDIogues prior. to use of the pal 0 anti serum t he .

L rmunoacsisg o Stepia e 1 BhUide ShATHEEAE FBECILRY AR gh eech vatine
| MUNO0Aas SakitidANg tiRMmaliP §oRfn.t he i mmunogeni ¢ pol ypeptides is produced
and purified as described herein. For exampl e, reconblnantﬂrroteln

can be prBddked iTolig-nhatsombithraitt ande Femisyhstishgthods hays alsp sHowed (s dhe
in this %ﬁﬁ%&s%c H%béreﬁuiaﬁo%n?sr EodBAR g HRREL FFlobiBdsdUof Qxdnlifle, sce the

vi rtual etic rdentit
followmg pubhcatlons and refmences cited within, which are as follows: Crick, F.H.C.,

Barrett, L. Bremner, S. Watts-Tobin, R. General nature of the genetic code for proteins.
Nature, 192:1227-1232 (1961); Hofmaunn, K., Bohn, H. Studies on polypeptides. XXXVI
The effect of pyrazole-imidazole replacements on the S-protein activaiing pofency of an S-
peptide fragment, J. Am Chem, 88(24):5914-5919 (1966); Kaiser, E.T. Synthetic approaches
to bioclogically active peptides and proteins including enyzmes, Acc Chem Res, 22:47-54

(1989); Nakatsuka, T., Sasaki, T., Kaiser, E.T. Peptide segment coupling catalyzed by the
semisynthetic enzyme thiosubtilisin, ] Am Chem Soc, 109:3808-3810 (1987); Schnolzer, M.,

Kent, S B H. Constructing proteins by dovetailing unprotected synthetic peptides: backbone-
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mce) is inmmunized with the i mmunogenic protein(s) in conbination
with a standard adjuvant, such as Freund's adjuvant, and a standard
nouse i mruni zation protocol (see, e.g., Harlow and Lane (1988)

Ant i bodi es, A Laboratory Manual, Cold Spring Harbor Publications,
New Yor k, for a standard descri pt| 0

i b
i nnnmmoas §’é§l”$%?4rﬁrt[ & Prfersecesighos) oy Qsﬁg? a](r;t%s &@gag éﬁ %{1%}1%]3{1% PRivgheric

specific, 9%%%&%& toRC [28 HeyASl8iH O N 83): Q@i-goza (IB8$); AMEord] ﬁ@%&z@m
of anti bo ies is found herein and can %Fl ied here t
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phase i issay with one or nore of the 76 inmunogenic proteins

i mobi |1 7zebjon aCsehicdl seplieation Bal yeeharad t(amﬁosieaseaamamyaoﬂﬁﬂnenumfside
106 or greater are selected, gﬁgol ed aﬁg suptracted wiith th orglerol

synt het aSBBbIRRHuIRS BRIACIPTs: SHif BaEc a4 q PREeat =B JUP BEPEINS B gy e, 28
pol ycl onaly:@nt bser @cmh?zZZJ} GTheeuHbiohast ed npBel adyldibesRiR0lyisle0nahded

antisera are tested for cross reactivit ai nst _the control

honol ogudsobribanuspar S¢iengs. ?%%§§9y¥4q3r1%¥%7§ Eaispartal i VernqsegyD S
di
di ser :a g' r@ﬁ aé ysogaﬁﬂa aggf{zlfeggggzz mﬂﬁm%’@mﬁiﬁhﬁé %geefﬂw,%ma%smmﬁea%@%s-

r esul ['east about a 5-10
fold hi gh?éﬁ (BQSQheI{me@, &, Sewrack.d-Pot hdsiipdimigatidn ofteremd ctcélrveares Science,

pol ycl onal, I o] i n ni e
Po the  conepaD Do atnoriedd: Ry Sofe dfarl] 2. °ksfify ORI At e P
bi ndi ng semisin Boladhus! ed3@y).6300e48t di 268N Polgan dn - gpich.f Bender. 4 new

tit h | b dry mlk,. [or. b diust
calT condrovBHETEHaA HPUREC BN are CRE 1iee. PYRBEB BT ol i B0

condi ti on33:AKS-3USLA106%); IHOSLEULR! SASSHYEaybes, dEt Subnitni RE.Whatdesioa of
test polypeptide (a polypeptlde bei ng conpared to the_ i mmunogenj ¢
b
pol ypept i"dEECRIAES 0@ e hePEDiEsaBIc pAIN) B ptite 811004 s FeEPT Al 475D
by the @gm%ggsmgrl@%@gggpl yclonal antisera. [223] In another

exanpl e, assays In the conpetitive binding format are used for

detection of a tes e@ ,%%E&!Q%es ggwgm&o%m?s not ed, _
cross-reacting anti s are renove rom the pooled antisera
mixture by mmn%%@é&g% gc%é %Bg)ﬁ%ﬁtﬁe& he tﬁ@%és%t B%iﬁ%pﬁﬂo@ﬁﬁ a TRty of new

i mmunogeni € “pol ypepti hen i nmmobil1zed to a solid support
whi ch i s mekpepiath sequanhes (cgulsbmatsiogl sPesttdednian piide (s . qewiirgagRg #réds) in

o oo gt Qb oA Rl ORRE Rl AR Seldif o OO e cace of he

subtract a pr otel 0 conpete
for bi ndimgel gmﬂieasespm&eede@mbtasaxftselddzadtaxmm acid®, hempameptides 2isherovide

i mobi |i zed pr ot to th ty. of th
ool ypept 1 A Sy ARARAA G NI GEEHy 0 coEUHEt e For IO e e e

generation of antisera, which spemﬁcally bind the polypeptides of the present invention, as

well as the polypeptides which are bound by such antisera, are a feature of the present
invention. The term “antibody,” as used herein, includes, but is not limited to a polypeptide
substantially encoded by an irmmunoglobulin gene or immunoglobulin genes, or fragments
thereof which specifically bind and recognize an analyte (antigen). Examples include
polyclonal, monoclonal, chimeric, and single chain antibodies, and the like. Fragments of
immunoglobulins, including Fab fragments and fragments produced by an expression library,

including phage display, are also included in the term “antibody” as used herein. See, e.g.,



i rmunogeni ¢ pol ypepti des conpete effectively with the i mobilized

i rmunogeni ¢ pol ypeptides for binding to the pool ed antisera). The
percent cross-reactivity for the test proteins is calculated, using
standard cal cul ations. [224] In a parallel assay, the abi I i ty of the

trol t te f t d
anti Sor a NG HORGHEI TS PRGLEr APl Heh-o e Aot d TEme b 1oLy OF Elitody

I Mmunoge el npepfikdeds) to conpete for binding to the antisera.
Again, the percent cross- reactivity for the control polypeptides is

cal cul at gd17]uUsi NGos kaREAE,dhe ahwaitiad iRNBles Ww@@s hfage nABR%iGLMe tRNAS and/or
Cross- react|V|ty is at least 5-10x_as high for the test olyoeptldes

as conpar®y ¢fdhe prgseng giventemn tha) S;Dseﬁfqﬂéré%ndawl d]i‘at\BFF‘e?PéC’fiﬁ@ SHiTFRREEaskve
the test .pal yPaRkl s rI aﬁl’cl"élaa kRl Slo¥inkthad hmuﬁ@ﬁ%oﬁ"f oriking Al M’laglmd
of the i mrunogenic ypep i es t he t est po des "ar e sai d

speci f i calefiyenkd. A tlhvempr@cmesd-rsas:bma@\tl@doth@ttlmmleguesz7thf 2] ody rer antlsera is
gener al , n S "
Qompet T HARCRARKE LR, 303 66 B BApARAL e, e Seon
test pol ywpépepittes.t Bltehe thel Wﬂdﬂg@eprod:enawdfrmpondmtd ol mystdicy pept & de{gpeptide

I d hi
Lo obact el b f%a&ﬁleié%‘i@{sé%ﬁ%maﬁ B e T 9%943’%@8%65%ﬂ{bﬁaﬂwﬁ%ﬁfpﬁe

t he anmou f ea ide r qU|redt0|nh| O(Vof t he bin

of - the. Sabilr act duoBntPler e Rt S YO A el B

i mmnogeniaﬁecpmﬁlet Rnk 9r itk Qfompaptdieu&l Neuistaangdagbsdo@edvi deest (ikf, at h\@st
anount of the t pol gg@ptl de required for . bjndi n? in the

conpet i t.alv@ufaégéyof sthe 04l {oghh seateRee REOVAFdhnt dorset i PRffieb gofreptide

pol ypept Il%lﬁnbgéns IgSri¥Eaoch Gk prstfaﬁpax& Balcb el fe@érydae%a% dsStiR@hsthuhOgenic
specifically brnd to an antibody generat edy he i nmmunogeni c

prot ei n, noxpepiglss "t Hee mvpliing jnsisge 1p émﬂl%boﬁfﬂecsadlwha%?s Iy GrpSerscaptbyity
the contr
speci fi ci %11191&0[!](}!9&9}0 gﬁlﬂéér%igsi%glg% a ?gg Qso%{ai okaﬁf}%mgseﬁteﬁ&ﬁtﬁggn#%% gre eck” by
wth the nrmmnmatgsemtlon,pmninpem iodefise ¢f &Ehecrntnohdmtdmeu@s;nmroml to use of the
pol ypepti diy% {1 Ao m 3 no bsl nding of the resulting inmunogenic
pol ypept i e SHH %5? 81811 8bolP’é ]e?ﬁi f%era to the | mmnogenl c
pol ypepti s) u n.the sorhtion is
P rnoor BE ant TSGR 18 AR ROREh Hrofoe, Bt FUREYAITh ophet fusty o oo
pol ypept i @enunbkenid ipblybeptiles 19 pﬁ@ﬁe&d whd putiBedhs Qlemde& ihegsin. rRar rmﬁ:lﬁple
than 2x the signal taq noise ral?‘ﬁqg observed for %ﬂnﬂ%n{g of t kj I%{.
| mmunos or BRI Beien £ berod HOGERPROBBI YRR AN AR MO Thige fised in
pol ypeptigg ds@aﬁ%%sfe'lﬁﬁilﬂSYm@%Uﬂé’ ré¥odudBlAld &L Bithdi deBEdMedth® of the
i mrunogeni ¢ protein. [227] Additional details on proteins,
anti bodi esicehit iwuaizedvth dhm BEReRE PIPtUENI rorbrstes vighe stpudard
"Expandi n ' V0,2
p %N%g%&?l;{ g%&d&: sUNﬂﬁrEﬁtC algtpggtan 9%{119 %%%gﬁggﬁg’]c%éollm%q% e.g.,

"IN VI VO URAL AM ACI DS; ' _
Harlow and Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor Publications,

New York, for a standard description of antibody generation, immunoassay formats and

conditions that can be used to determine specific immunoreactivity.

[220] Additional references and discussion of antibodies is also found herein and can
be applied here to defining polypeptides by immunoreactivity). Alternatively, one or more
synthetic or recombinant polypeptide derived from the sequences disclosed herein is

conjugated to a carrier protein and used as an immunogen.

[221] Polyclonal sera are collected and titered against the immunogenic polypeptide in

an immunoassay, for example, a solid phase immunoassay with one or more of the
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6,927,042 entitled "A ycoprotein synthesis"; and U.S. Patent
Publication No. US 2004/0198637 entitled "Protein Arrays," which is

i ncorporated by reference. KITS [228] Kits are also a feature of the
present invention. For exanple, a kit for producing a protein that

conprises at |east one selected am no acid, elﬁ_g an unnatural amno
aci d, in ISR RIofnsimRAILZRH op @ SpHE syapprti PriViensd antisewnvih adier of 10

cont ai ni NG ReNY! HOULLEEH, lﬁb%leaeaﬂeﬁ%&act&mm' e c@&r@sgf%as@{a%p /pue& to

O tRNA, and/or a pol ynucl'eoti de sequence encodi ng an 0- RS, and
O RS. | n ropdnce sdidriee negled hisradipolyclongltisérac| udes at I east sel ect ed
am no acid. |In another enbodinent, the kit includes an am noacyl at ed

t RNA of t[ﬁ&]i nverie @nbtractﬁdarmtddetﬁtereérﬁobo}iqmehantismh@rkitetsteﬂuﬁc)t Iqmss reactivity
COMP | S ekl GELLAN Ao RELL A £ LAbaBEAINELIRALAG BT QLI Mp ] 283)

An addltlag exanp f'e i a ucing a p ein
at | east cbammxu%eb@cbmdhugm@dztms chre eiegm;nmd fonnat ualuhiracaéﬂ mmcractlpdiycldnal

acell-freetra ation t i ncl udes a cont ai. ner
onthi ni s St Lo S o ah e 5 OBl S8, Paike T b of
O t RNA, aﬂéiltl@fﬁec?%&?d:lmwchhﬁ%é €€ (1RCRHUBRHR P GastEA ths adbnigalRd, todBIA4i0E t@fhe

O-RS. In one odinent, the kit further includes a selected am no

aci d. | n snRBelRthehobnrRipgues et is the stimgencyeaf th Piadinggarefiratscasiystadby
of the inyenlikigs, of MoARMIE! SANARLTRALL af RBultht of Wk @%rdzﬁclﬁﬂprénﬁﬁﬁ‘ by

instructional materials for producm the proteiln. 30]
The f ol | cvlivsnesedingsindgions. derppdraliiesd andior flhbdu £r Bhase bmsimgmwdtt@ns privsed in

t he cl ai WA
non- or -t 1 Tagjeal Skl Ofty arlyifiog Mictr st pOIRAN GOt pB bt horsparea
t he scopeo dhe hinemu:lgammlyipﬂpﬁ&m mmh(or E»eawptrel ﬂglyp%phdma@w*pet:ﬂﬂwuy bound by

Synt het ase Sel e ain a Acetyl Phenyl al ani ne [231] Two DNA
l'ibrari ezfﬁ ?Oéedcsélbtéacﬁe(%%%c Onﬁ‘ﬁ?rﬁ]g%éyl -t RNA synt het ases agal nst para-

acetyl | al a a _non-.nat ura anm.n

bt ar i SaTing: bR PSR R Bore S ARSSp PR MR B e psed o
gene fr oneldetifiasioc ReGRIp chidy) E6clainpld) at hete@ BiossRtarERT thtitlodidd hreiBRoved
sel ecti on procedure was prefornmed which consisted of five alternating

rounds ofT&RMRecRGOHH, aispadnizByT Y \}@muflﬁ?\%’sﬁéﬁ% 98, thekentrql osprriilefetie

conbi ned innodenic ﬁcﬁﬁe@hdﬁ&obdar@hﬁﬁtn&lﬁﬁﬁﬂﬁ&@% 4 19 shﬂ?orp@ﬁlbh '1§/€$cposed to the
selection cell "|ine ositive selection plasm REP

and pl at egb@rviod mp}?élanh@m éf%pil m@félsls eeNddyd (g thp agspp Fogmipeteior bmlel)lg to the
anti bi Ot ﬁledas?skréc)k@ 0800 il sngpeded ?c%g@g?oc %%9% ?Of:@ou%{é Joy the

phenyl al dni ne e plates were Incubate

hours at pwhicdhsupioid tritscreds| @nwarad loathe estrediltrgd peotaip(shgs compared to the
ability of the immunogenic polypeptide(s) added to the assay to compete for binding (the
immunogenic polypeptides compete effectively with the immobilized immunogenic
polypeptides for binding to the pooled antisera). The percent cross-reactivity for the test

proteins is calculated, using standard calculations.

[224] In a parallel assay, the ability of the control proteins to compete for binding to the
pooled subtracted antisera is optionally determined as compared to the ability of the
immunogenic polypeptide(s) to compete for binding to the antisera. Again, the percent cross-
reactivity for the control polypeptides is calculated, using standard calculations. Where the
percent cross-reactivity is at least 5-10x as high for the test polypeptides as compared to the
conirol polypeptides and or where the binding of the test polypeptides is approximately in the
range of the binding of the immunogenic polypeptides, the test polypeptides are said to

specifically bind the pooled subtracted antisera.

77



The DNA was extracted using a Q agen Mni-Prep procedure, and then
was agarose gel purified to isolate the library plasm d DNA. [233]
This DNA was then el ectroporated into the negative selection cell
line (GeneHog w th negative selection plasmd pBAD deri vative).

These transformants were_pl ated | at vvlth ate

b oL T o et R o LR Ao Gt it Ry CoRpReifive
about 17 fiedihs HbesRa&el| & WeEeibbarweshesd Rympelea dﬁgteﬁn@olyiﬂ@ﬁﬂ@baﬁmtﬂa
DNA was purified wusing the Q UIH)gen M ni - Prep procedure and a.-arose

gel pur.fln%moawcw@éqr THroS e BER(S)r diingilenftos B1ake t thén cpppEigBndhe
utilizi ngnﬁﬁlﬁo%&ﬁ@ &l @919 @énno@}?cﬁ%ge;;ﬁ@é%r atd Qe ms@a%@gat hatyRs i of

and DNA purification. In the round of “79 sel ection,
seri al d|douc¢rmﬁsomeané theateowt of prshtpolypsptoterreqiiippd 9o iihilt 5 thegrinding of

cells whi n_mn ndi. (0] I e

were t hentﬁ%l c tra te gsrg%v\n% [ é%@m@??%@%ﬁ&ﬁko o]\t/eg!r i é]ﬁn%%en& %ﬁ%pe s

was t hen cteﬁfiﬂnmea 1pslixtgt sidndard mchubineds. mﬁdieaalmlalt ef thd tdat palyyepige required for
i ans .of _chol ora i

concentrat.i heni col itive selectian, .
ot bt ot | EIRE (R GRCSHHBTE Soii i P PHGE dE7 JOIoNRt oAre mgpugectic
40 hours Rfiy;@pead hadtis 3etfeired, NBePliad @St WeKPeptids Ualski toC Wﬁfo@l@y bid to an
determ ne whi ch col oni es grew on the highest. chl oroanphenic

concent r 2By grveraghddo ﬁ’éﬁ YFERIEERC GFEHDpFEYIAY e ameanhisse #r@ét 1Pt 0=
non- nat urglyiyh K6EMEdoarI1 BOL #ePAF.  The col oni es which net these

criteria were grown overnig The DNA was isolated fromthe
cul tur esﬂ[@ﬁﬁ M ni -&¥ ﬁpa%gmﬁgﬂéﬂﬁﬁn%n Wiﬂefn'f@ﬁ§ | tﬁ@ p%BQdVﬁﬁ?ela 1s optionally
sequence [235] Fromthis selection pAl cl'ones were found to

have uni dfuy aimmencseibgd y@buéﬁc@l@mn@gan@r wowbptéb@d(r@@elr Uhethethe control
char act er f

oA i i oh ] SRR O 5 bty S L NBp SRR ARERS i abifrea
scal e antxmolahanps&esm t&mmn@enpemﬂwmtbit(st) osshowvhd imatlmtdserbtion is detectable.
non- nat ur.al.l ncoded am no_aci d corp i.nto a .

ol ypopt 1 i XuFaRRE AR Ralila s MR ARERROREP I elhqiypgptice. 1
col ony wagtlpioe K@eeaandty g QbEeredat. 8l ghtnord1thiai3 21@ rtlm hgnaMm abisovasioob@fved for

used to |nocul a m, of LB. The cells were

0.3-0. 4, WRdighE Feplilidmmmosprbes) nifsrse & ey SWI%QO%(P%pqd%&l&ﬁH 8 test
poi nt s Bﬁd&ﬂé' %%E&aﬂ@%oﬁﬂ' dyithé MtReta\WRcitddaikBe indmARaRAL pyAsinadded
to one split and both were grown for 30 mnutes. Follow ng the 30

mnute gryh, boddnigital HESSs &ﬁbrotaﬁﬁmﬁﬁd@es hifhege dioWed b0 f@n@i in USSN
L- Ar abi nose and grown 4.5 hours and the OD600 was recorded mL

al i quots $25.8Hemtitlak SHxpsmdingdhe Eukgpgtict Gardtis Gaste; SHE PRGOS yaiged
cont 111 ugd 3T 20 RoLE R ATDR B AN PRLUR RO TSRS U i No
cel I s wer@9ihes? susfiehd&dlyeoprgreiopepitheses] Bsicttéb‘l afaterr Btibligation No. US
Ext ract i ofy feagent, (BRERpELEr &8s STHOLS 8Latien] Rkl D600 at
XITS
[228] Kits are also a feature of the present invention. For example, a kit for producing
a protein that comprises at least one selected amino acid, e.g., an unnatural amino acid, in a
cell is provided, where the kit includes a container containing a polynucleotide sequence
encoding an O-tRNA, and/or an O-tRINA, and/or a polynucleotide sequence encoding an O-
RS, and/or an O-RS. In one embodiment, the kit further includes at least selected amino acid.
In another embodiment, the kit includes an aminoacylated tRINA of the invention. In another

embodiment, the kit further comprises instructional materials for producing the protein.
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harvest. DNase | was added to the |lysed cells and incubated at 4C for
20 mnutes. The sanples were then conmbined with a reduci ng agent and
| oadi ng dye and run on a 4-12%Bis- TRIS gel in MES buffer for 30

m nutes. The gel was washed in DI H2O twice for 10 m nutes and
stained with coommassie hlue dye. The +/- pAF hands were conpared for
the fidel %9;/ of A{lr@édlﬁwlt@wlﬁe # bt s gipduing % IRiSPBRtECTBR et (FAgt one

and the .1pMk H&Bd - '&9@36% Qipaﬂr?a@lnmcmmﬁm;l@nﬁubeuﬁwmeha@leh%t&ﬁﬁwﬁme
RS. [238] To check for the processivity of RSs t he same procedure

was per f itriedudgs taheontrips geniedineoh pelyricgtide qusmc&nwcw}z@@ B 51-FRNA, and/or
(S4am M’% O- E}@A Sﬁﬁ ]gol letDHQQ é?;ldéﬂcfe'eﬁgodn@' arl F;ﬁ% aa‘h@/o?%ﬂto TR Iéloone

protein Ssequencing M ne t he anpunt i mcor por ati on.
[ 239] O etnhedima; ttRNAt RS&ei d:ehlﬂﬁa‘ ae@eq%ardoatnmmagds éhentthengmipnlement, the kit

synt het ase, (E9) was _ fou in rporate p Feff|C| nJ 1t h- ,
greater CHANTH %%F?‘?%?@%gm ﬁ@ ﬁg?na]t%lnoﬁ thep & Itllydn%é iy fgrther
The i ncocpapgdes Qﬁtmaﬁmdeﬁ]etemmﬁdpmduamgm;asﬂem sequenC| ng while the
processivity was shown by conparing protein bands on a SDS-PAGE gels.
The nucl eotide sequence for E9 is shown in SEQ ID NGO 4, and the

am no aciEXmdaugsce of E9 is shown in SEQ D NO 5. [240] An

addi ti ongt3oqut anThavfslbovahgiekanplac tifcvolfyed oo Bistnats, buteandtith ilewf tieendainas

MUt agene S1Encss (0l Ol SEHOEE ARk R PSP 6 PE AR TPy gred
sequence ywQfnoWd defarkin eomltlaz séope SNOWRIAESEQdH#IMNO. 8 and in U S
Pat ent Publicati on 2003/0108885 as SEQID NO 1 and US

2003/ 0083 Ampast : SEQ | D NO 1 (U S. Patent Application Serial Nos.
10/ 126,931 and 10/ 126, 927, respectively), both of which are

i ncor por @‘hﬁﬂoﬁ%l-&ﬁﬁ@f%ﬁeta%&écﬁon%&%u&@%ﬂ&% tyd Pehylalghhenwobbl e
pair in the TTC stemas shown in Figure 1. [242] Three 317 nmutants

(1712, Fi#lland Fye)DRAlbraisaress sgeangd fir gaiascidREhsiothetases ygungt para-
pairs at 39@81 B eﬂﬂﬁ amihe 28 Gof: %aﬂfallgf%cc;ﬁe@ 2B i MU TAGRNEShSed @Risisted of six

per forme over appi ng PCR, and final constructs were cloned

i nt o EcoRiutaivas hdéie tgios BSRINA smﬁrETa’E@ germ faemildetbonmwpedegitnignidsehii in the pBK
pol ynucl eoti de sequence encodi ng the atni noacyl tRNA synthetase E9
(SEQ I D mﬁ‘f and the pol ynucl eoti de sequence encodi ng human grow h
hor none [£4pFH) wirhé kkcasbetocedade nwaupstfdrinst | whick SEQs SR NO: fild glteleg
expressi on of [ orot,

Two fragieHds © \?é‘?léﬂﬁ’eln@’rl%ﬁ ]e‘irflt’gvgf t‘%\?lge:glgﬁg‘%)epl h&ﬁlg@ﬂ% ‘f/% 1 Cfoin} ?ed g‘agﬁlle Ao
was  obt ahnegkcBypfbiciEhteHeensitRp. seltbtors 6l ¢ine €GaficHdyewli rpuaitise prieiin
used to generate each of
plasmid, pREP) and plated on minimal media plates (GMML) with appropriate antibiotics
and the non-naturally encoded amino acid para-acetyl phenylalanine (pAF). The plates were
incubated at 37°C for about 40 hours at which point the cells were harvested by scraping.
The DNA was extracted using a Qiagen Mini-Prep procedurs, and then was agarose gel
purified to isolate the library plasmid DNA.
[233] This DNA was then electroporated into the negative selection cell line (GeneHog
with negative selection plasmid pBAD derivative). These transformants were plated on LB
plates with appropriate antibiotic without the non-naturally encoded amino acid (pAF). Afier
about 17 hours these cells were harvested by scraping and the plasmid DNA was purified
using the Qiagen Mini-Prep procedure and agarose gel purification.
[234] The subsequent rounds of selection were done utilizing the same method of

electroporation, plating, harvesting, and DNA purification. In the last (fifthy round of
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the three nutants was:

GTAACGCT GAAT TCCCGGCGGTAGT TCAGCAGGGCAGAACGECGGACTCTAAAT - CCGCATGECEC
(FTaml 1; SEQ ID NO 9). [244] To generate the F12 mutant (51C. 63QG,
the foll ow ng reverse priner vvas used:

GATCTGCAGTGGTCCGGCG%%CGGA cc%ecoo] TTTAGAG . T TCTGC
(FTam 2 S@E@QHDSEN@ ions (versads, Of i dFeRFETE f?eﬁﬁlea%?‘m ore

the fol | oMidibod @USHSIEndHd flEles VBRI WERTolonies were then picked and grown in a 96 well
GATCTGCAGT GGTCCGGCGGECTGGATTTGAACCAGCGCCATGCGGATTTAGAGT TCTGC

(FTan 3; bSmd avergdt- This blpckawps then genlier alaéed dempimalpiedia wlqte1wile 3uying
tC:‘R'?'CTI'gCEA%'I' C%%trﬁt?o\ﬁ@r(?fec%ﬁdrgﬁfi_hr%é%& %osﬁﬁ% selectzon ang%%&_llc) with and W&l}%}%
(FTani 4; vgE@uaDaN@e at@)pAH. 24%%r aboutyéhbews of gl‘n@’tfs@cﬁdﬁa, the atphesrwere visually
| asm d pEIl 7 SL n h I e for
e N R b e T

t RNA synthhetiidset ﬁgw(ofﬁlﬁ@w PbdNG m‘ﬁ)e #beehct bétlﬁmbymmmieﬁ@tmd@ieﬁaqmm&l pAF.
encodi ng .. hunman, gr h hornmone with an a I tut SE
DN e e e TR oo BT R Pl VA OF (et o e
fol | ow nguggks B Mk % GC%' urification and were sequenced.
CGCCGGACCACTGCAGATCCTTA AXGGATTTTTTTTAAGC forward opriner;

FTan 5; $EQ]1 D NEom 8is selertionAprréErEralparcaasivan (i qreﬁue aypiey agyd
NO. 14). s;mﬁnée@r éﬁ@r gueg hJB?éoltéﬁa&) YLy tc%m%é{eﬁ%ohht% &&&&&ﬁﬂ&%é A8 N

3" end of site of the plasmd. The resulting
pr oduct wacsce@ee‘ntypﬁrtlilemfbﬁthlﬁzM&}thmh@ final step of over | appi ng PCR

|0y ved 90 418" LR BLAABETOANERSECAR, (EIprufePSO B er
t he seco rpdlfbm&glnts rehow Thee thees s@nidtecllp eochded snvver s&nd dAﬁezsetsadcompchmteEmﬁR a
| and Nde and, i ed into the asm J17 . 91 3 di

wi ¢ EcorobrRRfenE e el Sart TR B SEBT AGRL Y il e hlone SP Pk

by sequengéigoveamght ih tw @bbﬁ HRIGH NS eisenfiREd Bdsdtublie mwﬁmoﬂ;ﬂmnaaﬁeus were

t RNAs are shown as SE (FL2 EQID NO 2 (F13),. and SEQ
ID NO 3 Foipan GRet fﬂ% awé%‘hr?aﬁséé Sa}?fé}lqlt%W?re taksh 28 BfFoiRgRGhgn polnts

reverse Rl MRS Sy QLLihit BXPHES ThaR. [1214&&1 pEF agRladécencdi Pt ddiepciRhide
(J17, F12, F13 or F14) were each transfornmed into E. coli strain 1

and st r aigioven Kaic 8@ miiaiteh o iollewingsthiy3 0 Famtte grovribaheth andiugsis at&dp APx were

:_rl?c 38:{ e Aﬁ%cggzgwoév %@%?Aﬁ{ﬂlﬂog% raﬁ(gglgjﬁm &.5'140'0&% angmﬁe @Iﬂoge@asv‘ﬁ&ﬁ“ded. 1.5 mL
aliquots were then taken of the +/- pAF flasks for SDS-PAGE analysis.
[237] The 1.5 mL aliquots (Preinduction, + pAF, -pAF) were centrifuged at 10,000 xg
for 10 minutes to pellet the cells. The cells were then suspended in proportional Bacterial
Protein Extraction Reagent (BPER, Pierce) amounts relative to their ODgg at the time of
harvest. DNase I was added to the lysed cells and incubated at 4°C for 20 minutes. The
samples were then combined with a reducing agent and loading dye and run on a 4-12% Bis-
TRIS gel in MES buffer for 30 minutes. The gel was washed in DI H;0 twice for 10 minutes
and stained with coommassie blue dye. The +/- pAF bands were compared for the fidelity of
the pAF-tRNA RS to result in incorporation of pAF, and the + pAF band was compared to
the previously selected pAF-tRINA RS.
[238] To check for the processivity of the RSs the same procedure was performed with

a plasmid containing C-H6 S4am myoglobin (S4am-Myo). The S4am Myo was then purified

by IMAC and sent for protein sequencing to determine the amount of pAF incorporation.
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t RNA, a single colony was picked to startan overnight culture at 37C
inl m 2xYT with 50 ug/m carbenicillin. This 1 m culture was used
to inoculate two 10 m 2xYT cultures with 50 wug/m carbenicillin at

37C. One 10 nl culture was supplenmented with 4 rmvi par-a-

acetyl phenyl al ar une e hGH expr SSI on was i nduced
o eh 04 AT PTG by PAFTERTY B Aientifes dom SibrIabent ot SHBIHE (o es
250 rpm ke fbeﬁlhé?meepmemﬁn% Wh ée%mrrthéﬂ boatdigdely TR Yordidobe

5 mnutes. The cells were |ysed with ER Reagent (Pierce,
Rockf or d,pAH iptasBdspi-Myentled prm@remugvamdeteme@d Y 2y apidisafiucpeing while the

lysate %g?a%%% )ngﬁgs B bﬁé%p%?a @ﬁ & Oln E's rxeA E%@%‘éﬁl‘l‘é%ucleoude

anal ysi s strai ates

Supr essi caquEcafs @Sae sliorwvciaddil I N{urva and) theventind mlﬁememfﬁé)rﬂs chovedin
using J1 Srﬁ:égijq 2 nutant (1712, F13, F14) tRNA and t he am noacyl

t RNA synt . Cells harboring J17 mutants grew slightly sl ower
t han cel ljg4(jar borAongdditlohal NewtdntlWwitd einglah abHsproo A otaswaisntifdds any eds biye

SDS- PAGE faor the t RNA tant sence of 4 nM par a-
acet yl pheffParahpoEence emlﬁiﬁéﬁgﬁ 33

par a- acetpiaph@nyl al anine, full length pr oduct was produced with each
of the tRNA nutants, denonstrating that these t RNA nutant-RS E9
pairs ar dROVA NByagearsiso E. tali nmchinery. Based on SDS-PAGE, the

suppr ess§g,jGH yl@& mea?tg REerd égne?&ﬂecﬁgf ﬁzmsm[oml%mtsegy ende 5f %nfaqyﬂa

hi gher than 't hat col1 strain 17 nut ant
F13, was Jﬂ&nsshewntae§5@d&hiOE8 anebini U.§t Paiem PRblicetive oaIZOé)éfIOIlOS&Sﬁ@SSBQED

amber Suf}ﬁ(ﬂeﬁsb\l‘eﬁ]ﬂ Z%Cﬁ%%ﬁﬂ Ed %%@E% bl 1E %Olfjateﬁf %gﬂca%l n eefla Nos.

expressi on”as sUppressi on yle ds" were feduce tiPe
to that I]Jﬂ)/]E_G,SGd)I andst /a8t @O0, rbspebth&l}a,bbelhcﬁ ohighas@a- incorporated by reference

tyl ph |_ani i t b
Se. PACE PG oG SEn Uit ea et T s RERyR Pa A BRSIT
| engt h hGehyas olbmedevied nfudintd@b, FRNASI F1Hased Gaﬁr%%cet\mﬁsonﬂﬂck

suppressed hGH yield of F13 was about three fold hi gher, than that
J17. [ 252PSAPRRT pbmestioen St iidcinghrhn d Y4 Aleghd MeaEaessis prpy geiiiged by

with 2 bR AIPER Ond RORAALHIRLEE Yrede oked iRAndRASHY SaeNGRL T

J17 tRNA and the plasm d encoding F13 tRNA were each transforned
into E. aquésmidicpmprising twlmtﬁeptléesqqu@rmmgdmeﬁheeeelmomé tRNA synthetase

307 ol onc AP E D HOLE 8 b pp Bl kSt A’ hulfph il dcone
i nvent i onhGEs \h&em dmberr ddded sibstibwive (EQaID NCrlourhesasresfion of hati wys

and under st.an ng i tﬁ‘ :]}7 be ctlear to one skilled in the art froma
readi ng of 4 §° Hed &1 58 §Y 'Y RAF var i ous changes in form and det ai |

can be nyde3wi t hawio degpasdis Rgrd gﬁmdtémfortdveﬂamﬁmgoecm Thee fipst €gnifent was
| nvent Onobtafl(l)erd l?yxlgﬁereeme%lsfont %?e ge?ltcuggle %"I‘ 1% gp%%{e?tulsjgd 1ch>egsegc[;1|a1% e%ch of
the three mutants was:
GTAACGCTGAATTCCCGGCGGTAGTTCAGCAGGGCAGAACGGCGGACTCTAAAT
CCGCATGGCGC (FTaml11; SEQ ID NO: 9).
[244] To generate the F12 mutant (51C:63QG), the following reverse primer was used:
GATCTGCAGTGGTCCGGCGGGCCGGATTTGAACCGGCGCCATGCGGATTTAGAG
TCCGCCGTTCTGC (FTam12; SEQ ID NO: 10).
[245] To generate the F13 mutant (511:63A), the following reverse primer was used:
GATCTGCAGTGGTCCGGCGGGCTGGATTITGAACCAGCGCCATGCGGATTTAGAGT
CCGCCGTTCTGC (FTam13; SEQ ID NO: 11).

[246] To generate the F14 mutant (51A:630), the following reverse primer was used:
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above can be used in various conbinations. Al publications, patents,
pat ent applications, and/or other docunents cited in this
application are incorporated by reference in their entirety for all
purposes to the sane extent as if each individual publication,

I Ve e R A G e T e b e

1 SEQ LabeCGEEQUENGIGC (HrahD4; SBQRDNO: 12).

COGEOGGT AT CACCAGGGCAGAACGGLOGACT CTAMTOOGCA _DIVA
TGGCGOOGGH GAAAT GoGEDeRIChedArtA Begpient, plasmid pET1Y J17 9 hGH comprising the

CCGGCGGT. %@WW the polynucleotide sequence
TGGCGCT TCAAATCCA CCA 3 F??ﬁm @}IA poum 1

NAT érmgathe piNsnucleotide sequence encoding

TGOOCCAS 'gng%&r Eo R AR AR T SN AR o

n
AGCGAGGAAGATREAAGAGAGERTON FAMALANGATCAAAAATBersaci d

T AN T courrrrrrrmance (o

ATATAAT TATATAT FTGECT.GATT TACAOSAGT ARl TAMMCCAGBACCATATGGGATICC (FTam 16;
AGCGAGAGT TGGATGAGATTAGAAAAATAGGAGATTATAACAAAA )
AAGTTTT TGHAGEAATSGEET TANRSEEARRTA TS THAT EREend the sequence from the 37 end of

GIGAACAT Ll
GOTTT %g}%ﬁﬁ@@ﬁ? o‘i‘mgﬁ%p\;f@ %ﬁmﬁg 7-5-a§uct was gel purified.

TATAGCAAG&@&GGAT@&AAAﬁ@@AAA@GTT@T@m@WMAPCR involved  forward primer

%$£ GC%%T N ]%;@15%6 15), reverse primer FTam16 (SEQ

GGAGCT TTMM@&?@WTWWM@E@W&M The assembled products were

?%%W&% &W&amﬂ pET19 J17 E9 hGH digested

AGAAAGCATET ECsICAGLT HEAGT Thil T&gAMCARATECHAERMCt was confirmed by sequencing, and
TGGAGATA TACTTCCTTGAATAT AACCAT G
GCCAGAAA% ’@&?F‘T‘cﬁﬁ@ K&I‘K@%ﬁﬂ% are shown as SEQ ID NO: 1 (F12),

SEQ ID NO: 2 (F13), and SEQ ID NO: 3 (F14). The tRNAs were named after their

corresponding reverse primers.

Protein expression

[249 Plasmids encoding the tRNAs (J17, F12, F13 or F14) were each transformed into
E. coli strain 1 and strain 2 bacterial host cells by chemical means and plated onto LB agar
plates with 50 wg/ml carbenicillin. The plates were incubated at 37°C overnight. For each
tRINA, a single colony was picked to start an overnight culture at 37°C in 1 ml 2xYT with 50
ug/ml carbenicillin. This 1 ml culture was used to inoculate two 10 ml 2xYT cultures with 50
ug/ml carbenicillin at 37°C. One 10 ml culture was supplemented with 4 mM para-
acetylphenylalanine. At ODgp=0.7, the hGH expression was induced with 0.4 mM IPTG.
After culturing the cells at 37°C for 4 hours with 250 rpm, the cells were harvested by
centrifugation at 5000 x g for 5 minutes. The cells were lysed with B-PER Reagent (Pierce,
Rockford, IL) supplemented with 5 ug/ml DNAse 1. The total cell lysate was analyzed by 4-
12% SDS PAGE.

[250] Figure 2 shows an analysis of E. coli strain 1 total cell lysates by SDS PAGE.

Supression of a selector codon in human growth hormone was performed using J17 or J17
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GITAGAGAGT TTATTTAAAAATAAGGAATTGCATCCAATGGATTTA
AAAAATGCTGTAGCTGAAGAACTTATAAAGATTTTAGAGCCAATT  AGAAAGAGATTATAA 5 E9
RS MDEFEM | CRNTSEI | SEEELREVLKI CDEKSAVI GFEPSGKI HLGHYLQ K Am no

| G vI | DLQNAGFDI | TYLADLHAYLNQKGELDEI | ZKI GDYNI CI CVFEAM&.  Aci d

| CVAEV! YPPHNET HVEG/BIRIGENECRY B AR SOt B9. Cells hasboring 717

|- NPVLTGLOGREUESSHENS! Ak BOBRETERAIhIAYGPAN . VB length 1GH proc
NPl NEL Al CYECEVELT | CRPE CECrDL T Ve EELEEL P ON| GELT BDL . produet was

KNAVAEEL | 9begieh| IRk RDSSPAGE( fpg)tBe (RNA mutants in the absence of 4 mM para-

TTCTCGTA%(%@%@%W ﬁ\gﬁ%ﬁlaﬂ”mﬁu length product

IEEACTRCAAATOGGatingIAL these t(RINA mutant-RS E9

M%B], We suppressed hGH vield

ApprEEAGeAlY afvRasilHigher thah Rivbef A7 iDNAcE $tham. 1
STC.'IA.‘AC}CI.II:T W Ztmlj %mger tes%eﬁ in E. gcgﬁ gt?e{in 2 bacterial cell line for

IR Fn RithdBpression as well as amber

W@@K@%@Aﬁ@@mpﬁtﬁ%F In the absence of para-

GATTTAGAGE AL rka fﬁﬁ@ﬂ h hGH nproduct was observed by SDS-PAGE. In the
GATCTGCAGT CCTGCOCCATGCG. primer

GATTTAGAGTCEEECETTETar: gget}:d‘p@@ﬁ}{lﬁlamne full length hGH was observed for both tRNAs.

A G e A ANCTNRH LR b B i

of J17.

[252] A fermentation run comparing J17 and F13 was performed with a final volume of
approximately 1.5 L. The plasmid encoding the J17 tRINA and the plasmid encoding F13
tRNA were each fransformed into E. coli strain 1. The final cell density for each was
approximately 190 g wet cells/l. The hGH titer was 347 mg/L for the J17 clone and 542
mg/L for the F13 clone.

[253] While the foregoing invention has been described in some detail for purposes of
clarity and understanding, it will be clear to one skilled in the art from a reading of this
disclosure that various changes in form and detail can be made without departing from the
true scope of the present invention. For example, all the techniques and apparatus described
above can be used in various combinations. All publications, patents, patent applications,
and/or other documents cited in this application are incorporated by reference m their entirety
for all purposes to the same extent as if each individual publication, patent, patent
application, and/or other document were individually indicated to be incorporated by

reference for all purposes.
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15 FTam 7 GTAACGCTGAATTCCCGGCG pri ner

16 hGH

ATGGGCCACCACCACCACCACCACTTCCCAACCATTCCCTTATCCA  ( DNA)
GCCT' | "I TFGACAACGCTAT GCTCCGCGCCCATCGT CTGCACCAGCT
GGCCTTTGACACCTACCAGGAGT TTGAAGAAGCCTAGATCCCAAA
GGAACAGAAGTATTCATTCCTGCAGAACCCCCAGACCTCCCTCTGT

TTCTCAGA TTCCGACACCCT CCAACAGGGAGGAAACACAA
CAGAAAT GAGCTGCTCCGCATCTCCCTGCTGCTCATCC
AGTCGI GECT GGAGCCCGT GCAGT TCCT CAGGAGT G CTTCGOCAA
CAGCCTREST GTA@GBRCCCC T SR ARENCEAACGT CTATGACCTCCTA
AAGGAGDT AGAGGAAGGCAT CCAAACGCT GAT GGGGAGGCT GGA
AGAT( xCCOCCCEGACTH A CAGATCTITCAAGCAGACCTACAG
CAAGTﬁCGACA@AAACTCAﬁ@ﬁﬁ@@&f@&@@@A@ﬁA@ﬁ@&&%&CGGCGGACTCTAMTCCGCA
CTACGGCCTGCERYACTaC T
GACATRCCTGCHEATCGTG ACTREADPTEOEER
VDEFEM_I.CZNIPEE| | SE i C
KM DLUGNAGF iBilf| YLAD WECTCAATCC
| CYVYGSEHGL Fi
YEGVDVAVGG |NEGRI CI | %G o
NFI AVDDSPE |EFEAKI | C A L P Ci‘ngSY
EELESLFKNI G *“ELFI PM K ) g KXY e L
A conposi tijon conpr ?Jl"RQAﬁIIrA ¥ I3
sel edted frjomthe gr ﬁ GGiGA d
the fill langth ComJAgﬁﬁﬂw @ XATH %@t@%@m&r%mﬁg@gges
SEQ IID NO |1, 2 and| griseatiicarcagas hdmmqmm@m@cmﬁanﬁ
wherei n saijd t RNA i 5Ga0TTTARAAMEReETTAAA NG CAASA AGOR G TEGRAIANT2
wher gi n saijd t RNA i $TAMAGCAAGAGAGGATGAAAATCCAAAGGTTGCTGAAGTTATCTA
TCCAATAATGCAGGTTAATGGGATTCATTATGAGGGCGTTGATGTT
GCAGTTGGAGGGATGGAGCAGAGAAAAATACACATGTTAGCAAG
GGAGCTTTTACCAAAAAAGGTTGTTTGTATTCACAACCCTGTCITA
ACGGGTTTGGATGGAGAAGGAAAGATGAGTTICTTCAAAAGGGAAT
TTTATAGCTGTTGATGACTCTCCAGAAGAGATTAGGGCTAAGATAA
AGAAAGCATACTGCCCAGCTGGAGTTGTTGAAGGAAATCCAATAA
TGGAGATAGCTAAATACTTCCTTGAATATCCTTTAACCATAAAAAG
GCCAGAAAAATTTGGTGGAGATTTGACAGTTAATAGCTATGAGGA
GTTAGAGAGTTTATTTAAAAATAAGGAATTGCATCCAATGCATTTA
AAAAATGCTGTAGCTGAAGAACTTATAAAGATTTTAGAGCCAATT
AGAAAGAGATTATAA
3 EI RS MDEFEMIKRNTSEISEEELREVLKKDELSAVIGFEPS GRKIHLGHYLQIK.
Amino KMIDLONAGFDITDYLADLHAYILNQKGELDEIRKIGDYNEKK VFEAMGL
Acid KAKYVYGSEHGLDEDYTENVYRLALKTTLEKRARRSMELIAREDENP
KVAEVIYPIMQVNGIHYEGVDVAVGGMEQREKIHMLARELLPKIYVCI
HNPVLTGLDGEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGVVEG
NPIMEIAK YFLEYPLTIKRPEKFGGDLTVNS YEELESLFKNK ELEPMDI,
KNAVAEELIKILEPIRKRL
6 HI(TAG)3 | CCCAGGGTAGCCAAGCTCGGCCAACGGCGACGGACTCTAAATCCG
fRNA TTCTCGTAGGAGTTCCGAGGGTTCGAATCCCTTCCCTGGGACCA
DNA
7 HL(TGA)] | GCGGGGGTTGCCGAGCCTGGCCAAAGGCGCCGGACTTCAAATCCG
RNA GTCCCGTAGGGGTTCCOGGGTTCAAATCCCCGCCCCCGCACCA
DNA
8 17 CCGGCGGTAGTITCAGCAGGGCAGAACGGCGGACTCTAAATCCGCA
M. TGGCGCTGGTTCAAATCCGGCCCGCCGGACCA
Jannaschii
mtRNA
DNA
9 FTaml 1 GTAACGCTGAATTCCCGGCGGTAGTICAGCAGGGCAGAACGGCGG
primer ACTCTAAATCCGCATGGCGC
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noacyl ated with a non-naturally encoded am no acid. 4. The

conposition of claim3, wherein said non-naturally
acid is para-acetyl phenyl al ani ne.
wher ei n sai d.

t RNA i

encoded am no
5. The conposition of claim 2,

s chemcally an1noacy|ated 6. The conp05|t|on

of C|_a_|_‘|;n_2T tRNA- 1. ¢ anzv mati-ca rnoacvlata
7. ecom B DAL R R Ll S el P R e,
am ngaeyat By —an ApOSHt-64t
clainﬁg, mk%3§$?3sa A!Ab$§$§ CG? qTﬁyéggﬁ%§ %E%QQ%VQ%¢§FG
ri bozyge—9—rhe cof S INEe0] g
noacyﬁdtRNﬁﬁgﬁﬁﬁet g%?b?ﬁ ﬁgﬁaggﬁgd%§§§§Q?qgﬁﬁﬁﬁﬁé4qgQQFG@b§% %%
am ng-gera ﬂ#ﬁﬁﬂ?”‘ b@bﬁgﬁ-bdACTGoAGé?dC TAGEGAA 3 1
is g hon-raturally an1no acl e cpnpps
10, Wl"'ﬁl et ﬂ%ﬁﬁi 119) ICM%W@' nmo—acioTs
para-acetqugﬁgy?alanlne fg e conpositron of claiml1, wherein t
[ RNA [g—dergyges 1 36 &T@%@@—E%?——The*conposrrrbnmof—cfarn
1, wherein |the.l NA rived from M J anneschi i . fhe
CONPOSKUT oI 3y CTal EGG@@@N@@Adgﬁ?ﬁAGﬂA&bAtﬂ#ﬁ@@%AddATT@@d%ﬁ%@@@k
15. The conppgiabion| @ ergircsetdcttanstétTeRGCRYSAGRT B
a cel|l -freq transl a Geacsys&RIMCEEACtRGcReMIsShhican@icTd @i Taddaaa
wher gi n saiid transl atGARCABSAGMA TR AregiicdaRacccohG ADETCCCTCTGT
conpgsi tion of clai MridrCAbGAGRTTATREACACAOSERLEONCASEESHEBAISAGACAA
reconstitutjed systefCAGRAATIIEAC@UIRSIAGOIGEICEI@ITOTRACTETIGEITATE T
transl ati on syst em ASTEGTSIGOIGEHAGIGIEIGIAGITCESRGRAGIGTAXTCEACAA
conpr|i si ng |a trans| aCAGICIGSTEMAOBIGEIGEIT OTIve CAGCARST GG TAT GY I BIATA
conpr|i ses tlhe t RNA pRACIGHUETAGAGGAAGGCATCCAAACGCTGATGGGGAGGCTGGA
AGATGGCAGCCCCCGGACTGGGCAGATCTTCAAGCAGACCTACAG
CAAGTTCGACACAAACTCACACAACGATGACGCACTACTCAAGAA
CTACGGGCTGCTCTACTGCTTCAGGAAGGACATGGACAAGGTCGA
GACATTCCTGCGCATCGTGCAGTGCCGCTCTGTGGAGGGCAGCTGT
GGCTTCTAA
17 D286R MDEFEMIKRN TSEHSEEEL REVEKKDEKS AVIGFEPSGK
mutant of | IHLGHYLQIK KMIDLQNAGF DITYLADLH AYLNQRGELD

E9

EIRKIGDYNK KVFEAMGLEA KYVYGSEHGL DKDYTLNVYR
LALKTTLKRA RRSMELIARE DENPKVAEVI YPIMQVINGIH
YEGVDVAVGG MEQRKIHMLA RELLPKKVVC THNPVLTGLD
GEGKMSSSKG NFIAVDDSPE EIRAKIKKAY CPAGVVEGNP
IMETAKYTLE YPETIKRPEK FGGDLTVNSY EELESLFKNK

ELHPMRLENA VAEELIKILE PIRKRL




20. The cell of claim 19, wherein the cell is a eukaryotic cell. 86

21. The cell of claim 20, wherein the eukaryotic cell is a yeast
cell. 22. The cell of claim20, wherein the eukaryotic cell is a
fungal cell. 23. The cell of claim 20, wherein the eukaryotic cell is
a mamualian cell. < 24. The cell of claim 20, wherein the eukaryotic
cell is an insect ceII 25 The. cell of claim 20, wherein the
eukaryotic cell is a cell.. 26. The cell of clain119 wherei n

the cell is a non-euk (X Iboctl?lgleg f1. 27. Th t |m 26,

wherei n the non-eukar; Cemé’QF‘ithémn%mlsﬂlg %gﬁ{fﬁ’c qn{mg “\fﬂ‘élccell of
claim 19, further cBABPPLINEE SCIFPEY HOEN e EpRIBOBRLEE

pol ypeptide of inte 1, éhendpnapheepbillylengihctasap] ﬁﬂ@ﬂ@@)’rpﬂi}‘ses a
sel ector codon that niicziecutawgm@mtwenc SSRND DD 1, 2laeddehk of

cl ai m 28, wherein saiffierpol ypeptide of inter- est is human growh
hormone. 30. An A col.ille@ompoehioni cfichdmt hevidrtiA safd RN 18 dimi- 31. A
yeast cell conprisipghd/RBed. RNA of claim 1. 32. A fungal ceI I
conprising a RNA of C”i P him %mﬁd}‘%ﬁﬂiﬁa'i% ﬁ\]&&i A ji-a TRNA
of claimil. 34. Anna{&%ﬁgm e RS gL 35 A

pl ant cell conprising sing a po

"
| ynuc | eoti de encodin zlle Wosﬁ%’mﬁ% e alélé}o&'%agﬁﬁgﬁce
sel ected fromthe gf SCd@BW%‘? 8PP AYP E@E@ }511 aiit.5 - and 3. and
the full-length conpt-eRELaR Ub‘& £ Hﬁl%e""%r&ﬂ}bhé@ (B4 #ncodes
SEQ | D NO 1, 2and3. chemically ammoacy ated

6. The composition of claim 2, wherein said tRNA is enzy-

matically aminoacylated.

7.'T'he composition of claim 6, wherein said tRNA is enzy-
matically aminoacylated by un aminoacyl IRNA synthetase.

8. The composition of claim 6, wherein said tRNA isenzy-
matically aminoacylated by a ribozyme.

9. The composition of claim 1, further comprising an ami-
noacyl tRNA synthetase, wherein the tRNA is aminoacylated
wilh an amino acid.

10. The composition of claim 9, wherein said amino acid is
a non-naturally encoded amino acid.

11. The composition of claim 10, wherein said non-natu-
rally encoded amino acid is para-acetylphenylalanine.

12. The composition of claim 1, wherein the (RNA is
derived from an archael tRNA.

13. The composition of claim 1, wherein the tRNA is
derived from M. janneschii.

14.'I'he compaosition of claim 1, further comprising a trans-
lation system.

15. The composition of claim 14, wherein said translation
system 1s a cell-free translation system.

16. The composition of claim 14, wherein said translation
system 15 a cell lysate.

17. The composition of claim 14, wherein said translation
system Is a reconstituted system.

18. The composition of claim 14, wherein said translation
system is a cellular translation system.

19. A ccll comprising a translation system, wherein the
translation system camprises the tRNA of claim 1

20. The cell of claim 19, wherein the cell is a eukaryotic
cell.
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37. The vector of claim 36, wherein the vector conprises a plasmd,
a cosmd, a phage, or a virus. 38. The vector of claim 36, wherein
the vector is an expres- sion vector. 39. A cell conprising the
vector of claim36. 87 40. A nethod of producing a polypeptide in a
cell with a selected amino acid at a specified position, the method
com prising: growing, in an appropriate nedium the cell, where the
cell conprises a nucleic acid that conprises at |east one selector

2ci0; wherein the &?f ?ﬁe‘%‘% a0 LB R AR 5t Ay

that functions in and recogni zes .t he sel ector codon having
the anino acid seq u%c@%%q ek aim ?grﬁ‘fhﬁ@“bﬁ%ﬂ\@%icsqeﬂ g af SEQ ID
NO 1, 2, 3, and ﬂlhm'rﬂ a¢li- 1 engt h conpl ementary pol ynucl coti de
sequence that encodes SEQID NO 1. 2 and 3; and, an orthogonal

i | -t RNA het S RS |
The O CRNA wi th L he Sbi B O %wi’ﬂﬁa*fhere&iﬁwﬁ@ RVRGOF 521 ai m 40

wherein said sel eci@d‘“ﬁﬁlﬂsﬁb‘?e laci d is*para-acetyl phenylal anine. 42.

The method of cl ai m 44 Tieesedlidl cSAInth QADERERtthe BultgyotiUeaNis ghowt h
hormone. 43. A pol ypug! £gtide having a nucleic acid sequence

selected froma gr consisting of SEQ I D Nos, 1, 2, and 3, and
the full-length conpffer%mwlyoi R 30! whetede heelericsic ceHaf eof . 88 WD
2007/ 021297 PCT/ USgRoba€li4041 SEQUENCE LI STI NG <110> Ti an, Feng

<120> Conposi ti ons Oiﬁ HRYRA Q)q R8s 9-!-%{6?811 e dedPR ANRKE Ll(i)\gglg- QoPCT
otic cell.

27. The cell of claim 26, wherein the non-eukaryotic cell is
an I. coli cell.

28. The cell of claum 19, [urther comprising a polynucle-
otide encoding a polypeptide of interest, wherein the poly-

nucleotide comprises a selector codon that is recognized by
the tRNA.

29. The cell of claim 28, wherein said polypeptide of inler-
est is human growth hormonec.

30. An I, coli cell comprising the tRNA of claim 1.

31. A yeast cell comprising the tRNA of claim 1

32. A fungal cell comprising o (RNA of claim 1.

33. A mammalian cell comprising a tRNA of claim 1.

34. An insect cell comprising a tRNA of claim 1.

35. A plant cell comprising a tRNA of claim 1.

36. A vector comprising a potynucleotide encoding a tRNA
having the nucleic acid sequence selecled [rom the group
consisting of SEQ ID NO: 1, 2, and 3. and the full-length
complementary polynucleotide scquence that cncodes SEQ
ID NO: 1, 2 and 3.

37. The vector of claim 36, wherein the vector comprises a
plasmid, a cosmid, a phage, or a virus.

38. The vector of claim 36, wherein the vector 1s an expres-
sion vector,

39. A cell comprising the vector of claim 36.
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<150> US 60/ 709, 364 <151> 2005-08-18 <160> 17 <170> Patentln
version 3.3 <210> 1 <211> 77 <212> DNA <213> Artificial Sequence
<220> <223> Artificial Sequence <400> 1 - Jj ccggcggtag ttcagcaggg
cagaacggcg gactctaaat ccgcatggcg ccggttcaaa 60 tccggcccgc cggacca 77
<210> 2 <211> 77 <212> DNA <213> Artificial Sequence <220> <223>
Artificial Sequence <400> 2 ccggcggtag ttcagcaggg cagaacggcg

gact ctaaat ccgcatggcg ctggttcaaa 60 tccagcccgc cggacca 77 <210> 3
<221> 77 <212> DNA <213> Artificial Sequence <220> ppp <400> 3

<223> Artificial Setluenoetiecgygggtagng hogadeeptide cagasiogeda
gact ct aaat ccgcat ggeieg-tedgaticcaddatds]dkAiddGRls8ReC aG Gemsgeaml / WO
2007/ 021297 PCT/ Usz0Q5! Q404 in 53 Wiprobrintldzd 30L ths et
the cell comprises a nucleic acid that comprises at least one
selector codon and encodes a polypeptide; and, praviding the
selected amino acid; wherein the cell further comprises: an
orthogenal (RNA (O-IRNAY that [unctions in the cell and
recognizes the selector codon having the amino acid
sequence selected from the group consisting of SEQ 1D NO:
1,2, 3, and the full-length complementary polynucleotide
sequence that encodes SEQ ID NO: 1. 2 and 3; and, an
orthogonal aminoacyl-tRNA synthetase (O-RS), wherein
satd O-RS aminoacylates the O-tRNA with the selected
amino acid.
41. The method of claim 40 wherein said selected amino
acid is para-acetyl phenylalanine.
42. The method of claim 40 wherein said polypeptide is

human growth hormone.
43. A polynucleotide having a nucleic acid sequence
selected from a group consisting of SEQID Nos: 1,2, and 3,

and the full-length complementary polynucleotide sequence
thereof.
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<213> Artificial

Sequence <220> <223> Artificial Sequence <400> 4

at ggacgaat ttgaaat gat aaagagaaac acatctgaaa ttatcagcgaggaagagtta 60

agagaggttt taaaaaaaga
atacatttag ggcattatct
gat at aat Ve 2087/621297ggC
gagatt agaa aaat aggaga
aaatatgttt atggaagtga
ttggctttaa aaactacctt
‘gat gaaaat ¢ caaaggttgc
t at gagggcg ttgatgttge
agggagcttt taccaaaaaa ggttgtttgt attcacaacc
ggagaadtfaa d8at &t t ¢ ttcaaaaggg aattttatag
gagat t 2099 &lAAgal 233, 92AR0CA 6.4 9£5%80Ct 9
ataat ggaga tagctaaata cttccttgaa tatcctttaa
ttt gokggag mikigasagbet aat agct at gaggagttag
gaattgcatc caatggattt aaaaaatgct gtagctgaag
ccaat tagffaa Woeyap? a4 a - 921
Sequerice> P9 P8H3> Artifici al
Il'e LysAyg Asn Thr Ser Gu lle Ile Ser

aaaaagagca agaaggagt a
tgaagttatc tatccaataa
agtIguaygaLIEryyagcaga

Sequence

<210> 5 <211> 306
<400> 5

t ggaactt at
tgcaggttaa
gaaaaat aca
ctgtcttaac
ctgttgatga
gagttgttga
ccat aaaaag
agagtttatt
aactt at aaa

agcaagagag
tgggattcat
catgttagca

gggttt ggat

ctct ccagaa
aggaaat cca
gccagaaaaa
t aaaaat aag
gattttagag

<212> PRT <213>
_ Met Asp A u Phed u Met
151015 du Ju @u Leu Arg Qu

t gaaaaatct' gctgttatag gttttgaacc aagtggtaaa 120
ccaaat aaaa aagatgattg atttacaaaa tgctggattt 180
tgatttacac gcctatttaa accagaaagBCrRysyII/gaat 240
ttat aacaaa aaagtttttg aagcaatggg gttaaaggca 300
acatggtcttgataaggatt atacactgaa tgtctataga 360

420
480
540
600
660
720
780
840
90D
Artificial

Val Leu Lys Lys Asp Qu Lye Ser Ala Val 2 WD 2007/021297 PCTI US2005/ 044041
20 25.3fb>! Imt&dtynRResG@Gnuz Rro Ser Ay Lys Ile His Leu Ay His Tyr Leu @n

<210> 1 |

<211> 77

<212> DNA-

<213> Artificial Sequence

<220>

<223> Artificial Sequence

<400> 1

ccggeggtag ttcagcaggg cagaacggcg gactctaaat ccgeatggeg ccggttcaaa

tceggeeege cggaccé

<210> 2

<211> 77

<212> DNA

<213> Artificial Sequence

<220>

<223> Artificial Sequence -

© <400> 2

ccggeggtag ttcagecaggg cagaacggcg‘gactctaaat ccgcatggeg ctggttcaaa

tccageecge cggacca

<210> 3

<211> 77

<212> . DNA

<213> Artificial Sequence
<220>
<223> Artificial Sequence

<400> 3

ccggeggtag ttcagecaggg cagaacggeg gactctaaat ccgcatggég caggttcaaa

tecctgeecege cggacca

60

77

60

77

60

77




35 40 45

Ile Lys Lys Met Ile Asp Lou A n Asn Ala Ay Phe Asp Ile lle Ile 50

55 60 Tyr Len Ala Asp Lau Hs Ala Tyr Leu Asn G n Lys Ay Ju Leu Asp 65

70 75 80 du lle Arg Lys Ile Ay Asp Tyr Asn Lys Lye Val
90 95 dy Leu Lys Ala Lys Tyr Val

105
120
135
150
165
Hi s
Ser
Ile

~Leu Phe Lys Asn Lys Qu Leu H's Pro

Phe Gn Ala Met 85
Tyr Ay Ser Qu Hs Gy Leu Asp Lys 100
110 AW® 2997021297 Leu Asn Val Tyr Arg Leu Al a Leu LWECTAS2U0440¢L Lys 115
125 "Arg Ala Arg Arg Ser Met Qu Leu Ile Ala Arg Qu Asp Qu Asn Pro 130
140 - Lys Val Ala Gu Val Ile Tyr Pro Ile Met A n Val Asn@dy Ile His
155 160 Tyr Au Gy Val Asp vVal Ala Val Ay Ay Met Qu @n Arg Lys Ile
170 175 His Met Leu Ala Arg Qu Lau Lein Pro Lys Lys Val Val Cys Ile -
.<2189. 4185 190 Asn Pro Val Leu Thr Ay Lau Asp Gly u Ay Lys Mt Ser
Se?llx1 981900 205 Lys Ay Asn Phe Ile Ala Val Asp Asp Ser Pro Gu Qu
Ar:@ig ai%g.zllgoszzo JLys Ile Lys Lys Ala Tyr Cys Pro Ala Gy Val Val
Ash Pro 57930°955°%40 11e Met Gu lle Ala Lys Tyr Phe Leu Gu Tyr
Leyodhr lie Lys 245 250 255 3 WO 2007/021297 PCT/ US2005/ 044041 Arg Pro
Ly@2Phenfdiyidiby sAgperkeu Thr Val Asn Ser TyrQu G u 260 265 270 Leu Gu
Met Asp Leu Lys 275 280 285 Asn Al a

Prolle Arg Lys
ttatcagcga ggaagagtta

du

A4 u*du Leu Ile Lys Ile Leu Gu

145

atggacgaat ttgaaatgat aaagagaaac acatctgaaa 60
agagaggttt taaaaaaaga tgaaaaatct‘gctgttatag gttttgaacc aagtggtaaa 120
atacatttag ggcattatct ccaaataaaa aagatgattg atttacaaaa tgctggattt 180
gatataatta Eatatttggc tgatttacac gcctatttaa accagaaagg agagttggat 240
gagattagaayaaataggaga ttataacaaa aaagtttttg aagcaatggg gttaéaggca 300
aaatatgttt atggaagtga acatggtétt'gataaggatt atacactgaa tgtctataga 360
ttggctttaa aaactacctt aaaaagagca agaaggagta tggaacttat agcaagagag 420
gatgaaaatc caaagg£tgc tgaagttatc tatccaataa tgcaggttaa tgggattcat 480
tatgagggcg ttgatgttge agttggaggg atggagcaga gaaaaatacé catgttagca 540
agggagcttt téccaaaaaa ggttgtttgt attcacaacc ctgtcttaac gggtttggat 600
ggagaaggaa agatgagttc ttcaaaaggg aattttatag ctgttgatga ctctccagaa 660
gagattaggg ctaagataaa gaaagcatac tgcccagctg gagttgttga aggaaatcca 720
ataatggaga tagctaaata cttccttgaa tatcctttaa ccataaaaag gccagaaaaa 780
tttggtggag atttgacagt taétagctat gaggagttag agagtttatt taaaaataag 840
gaattgcatc caatggattt aaaaaatgct gtagctgaag aacttataaa gattttagag - 900
ccaattagaa agagattata a 921
‘<210> 5

<211> 306

<212> PRT ,

<213> Artificial Sequence

<220>

<223> Artificial Sequence

<400> 5

Met Asp Glu Phe Glu Met Ile Lys Arg Asn Thr Ser Glu Ile Ile Ser

1

5

10

15

Glu Glu Glu Leu Arg Glu Val Leu Lys Lys Asp Glu Lys Ser Ala Val




290 295 300 Arg Leu 305 <210> 6. <211> 68 <212> DNA <213> Hal obacterium
"sp. NRC-1 <400> 6 cccagggtag ccaagctcgg ccaacggcga cggactctaa atccgttctc
gtaggagttc 60 gagggttcga atcccttccc tgggacca 8B <210> 7 <211> 88 <212>
DNA <213> Artificial Sequence <220> <223> Artificial Sequence <400> 7
gcgggggt tWO 2¥FaYeTt gg ccaaaggcgccggact t caa at ccggt cccPET/ESYIFI44e+160
cggggttcaa atcccctccc ccgcacca 88 <210> 8 <211> 77 <212> DNA <213>

Met hanococcus jannaschii <400> 8 ccggcggtag ttcagcaggg cagaacggcg

gact ct aaat ccgcat ggcg ctggttcaaa 60 tccggcccgeccggacca - 77 - <210>9 .
<211> 65 <212> DNA 4 -WD 2007/021297 PCT/ US2005/ 044041 <213> Artificia
Sequence <220> 2&223> Artifici &5 Sequence 30

Ile Gly Phe Glu Pro Ser Gly Lys Ile His Leu Gly His Tyr Leu Gln
35 40 45 '

Ile Lys Lys Met Ile Asp Leu Gln Asn Ala Gly Phe Asp Ile Ile Ile
Tyr Leu Ala Asp Leu His Ala Tyr Leu Asn Gln Lys Gly Glu Leu Aép

Glu Ile Arg Lys Ile Gly Asp Tyr Asn Lys Lys Val Phe Glu Ala Met
85 S0 S5

Gly Leu Lys Ala Lys Tyr Val Tyr Gly Ser Glu His Gly Leu Asp Lys
-100 105 110

Asp Tyr Thr Leu Asn Val Tyr Arg Leu Ala Leu Lys Thr Thr Leu Lys
115 120 125

Arg Ala Arg Arg Ser Met Glu Leu Ile Ala Arg Glu Asp Glu Asn Pro
130 135 140

Lys Val Ala Glu Val Ile Tyr Pro Ile Met Gln Val Asn Gly Ile His
145 150 - 155 160

Tyr Glu Gly Val Asp Val Ala Val Gly Gly Met Glu Gln Arg Lys Ile
165 170 ' 175

His Met Leu Ala Arg Glu Leu Leu Pro Lys Lys Val Val Cys Ile His
180 ' 185 190

Asn Pro Val Leu Thr Gly Leu Asp Gly Glu Gly Lys Met Ser Ser Ser
195 200 ' 205

Lys Gly Asn Phe Ile Ala val Asp Asp Ser Pro Giu Glu Ile Arg Ala
210 215 7 220 ‘

Lys Ile Lys Lys Ala Tyr Cys Pro Ala Gly val Val Glu Gly Asn Pro
225 230 - 235 - 240

Ile Met Glu Ile Ala Lys Tyr Phe Leu Glu Tyr Pro Leu Thr Ile Lys
245 250 255




<400> 9 gtaacgctga attcccggcg gtagttcagc agggcagaac ggcggactct. aaatccgcat 60
ggcgc 65 <210> 10 <211> 67 <212> DNA <213> Artificial Sequence <220>
<223> Artificial Sequence <400> 10. . gatctgcagt ggtccggcgg gccggatttg
aaccggcgcc atgcggattt agagtccgcc 60 gttctgc 67 <210> 11 <211> 67 <212>
DNA <213-Wa2947f02Phl Sequence <220> <223> Artifici al PEERIT&NEB4404400> 11
gatct gcagt ggtccggcgg gctggatttg aaccagcgcc atgcggattt agagtccgcc 60

gttctgc 67 <210> 12 <211> 67 <212> DNA <213> Artificial Sequence <220>
<223> Artificial Sequence <400> 12 gatctgcagt ggtccggcgg gcaggatttg
aacctgcgcc atgcggattt agagtccgcc 60 gttctgc 67. <210> 13 <211> 49 <212>
DNA <213> Artificial Sequence dill : :

Arg Pro Glu Lys Phe Gly Gly Asp Leu Thr Val Asn Ser Tyr Glu Glu
260 265 270

Leu Glu Ser Leu Phe Lys Asn Lys Glu Leu His Pro Met Asp Leu Lys
275 280 285

Asn Ala Val Ala Glu Glu Leu Ile Lys Ile Leu Glu Pro Ile Arg Lys
. 290 285 300

Arg Leu
305

<210> 6

<211> 88

<212> DNA

<213> Halobacterium sp. NRC-1

<400> 6
cccagggtag ccaagctcgg ccaacggega cggactctaa atcegttcete gtaggagtte 60

gagggttcga atccctteccec tgggacca 88

<210> 7

<211l> 88

<212> DNA

<213> Artificial Seguence

<220>
<223> Artificial Sequence

<400> 7 . .
-gegggggttg cegagectgg ccaaaggcgce cggacttcaa atcecggtece gtaggggtte 60

cggggttcaa atcccecgecce ccgecacca 88

<210> 8

<211> 77

<212> DNA

<213> Methanococcus jannaschii

<400> 8
ccggeggtag ttcagcaggg cagaacggceg gactctaaat ccgeatggeg ctggttcaaa 60

tccggcccgc cggacca - . i 77
<210> 9

<211> 65
<212>  DNA




-5 WD 2007/ 021297 PCT/ US2005/ 044041 <220> <223> Artificial Sequence <400>
13 cgccggacca ctgcagatcc ttagcgaaag ctaaggattt tttttaagc 49 <210> 14 <211>
23 <212> DNA <213> Artificial Sequence <220> <223> Artificial Sequence
<400> 14 caaattcgtc catatgggat tcc 23 <210> 15 <211> 20 <212> DNA <213>
Artificia“mS@ﬁME%@é, <220> <223> Artificial Sequence MIJIRSH4¢¥thacgct ga
attcccggcg 20 <210> 16 <211> 600 -'i <212> DNA - "i <213> Honop sapiens
<40D> 16 at gggccacc accaccacca ccacttccca accattccct tatccaggct ttttgacaac
60 gctatgctcc gcgcccatcg tctgcaccag ctggectttg acacctacca ggagtttgaa 120
gaagcct aga tcccaaagga acagaagtat tcattcctgc agaaccccca gacctccctc 180
tgttt cBtay AgLEras g€@§§€%ccctcc aacagggagg aaacacaaca gaaatccaac 240
ctagaggjgctccgeatctc cctgetgetc atccagtcgt ggetggagec-cgtgeagttc 300

- ctcaggagi.g LLhicasrargsagect ggt g tacggegect ctgacagcaa cgtctatgac 360

<400> 29
gtaacgctga attcccggeg gtagttcage agggcagaac ggcggactct  aaatccgeat 60

ggcge 65

<210> 10

<211> 67

<212> DNA

<213> Artificial Sequence

<220>
<223> Artificial Sequence

<400> 10
gatctgcagt ggtccggegg gececggatttg aaccggcgcee atgeggattt agagtccegec 60

gttctge 67

<210> 11

<211> 67

<212> DNA N
<213> .Artificial Sequence

<220>
<223> Artificial :Sequence

<400> 11 :
gatctgcagt ggteceggegg getggatttg aaccagegec atgeggattt agagtccgee 60

gttctge ' N : . 57

<210> 12

<211> 67

<212> DNA

<213> Artificial Sequence

<220>
<223>  Artificial Sequence

<400> 12 ‘ . ‘
gatctgecagt ggtocggegg gecaggatttg aacctgegce atgcggattt agagtccgec &0

gttetge - . : 67

. <210> 13
<211l> 49
<212> DNA )
<213> Artificial Seguence




i o

acgct gat gg ggaggctgga agat ggcagc 420
tacagcaagt tcgacacaaa ctcacacaac 480
ctctactgct tcaggaagga catggacaag 540
cgctct gt gg agggcagctg tggcttctaa 600 6

ct cct aaagg acct agagga aggcat ccaa
ccccggact g ggcagatctt caagcagacc
gat gacgcac tactcaagaa ctacgggctg
gt cgagacat tcctgcgcat cgtgcagtgce

---- - ---W02007/02128Y 2007/ 021297 PCT/ US2005/ 044041 <210FXCIAUS200304494306 <212>
PRT <213> Artificial Sequence <220> <223> Artificial Sequence <400> 17 Met"
Asp Gu Phe Gu Met Ile Lys Arg Asn Thr Ser Au Ile lle Ser 15 10 15 Qu
Gu Qu Leu Arg Au Val Leu Lys Lye Asp Qu Lys Ser Ala val 20 25 30 1Ile
Gy Phe u Pro Ser Ay Lys Ile H's Leu Ay Hs Tyr Lou Gn 35 4D 45 lle
Lys Lys Met IIe Asp Leu G n Asn Ala Ay Phe Asp Ile lle Ile 50 55 60 Tyr
Leu Al gg/xs g s Aa Tyr Leu Asn Gn Lys Ay du Leu Asp 65 70 75 00
du | 8% g™ lclll"L &Y Asp Tyr Asn Lys Lys Val Phe Gn Ala Met 85 90 95
Gy ngod,yslaAl a Lys Tyr Val Tyr Gy Ser Qu Hs Ay Leu Asp.Lys 100 105 110
Asp TyvbccEBsdc@UctASEgaYat tT¥doolly beddgddat LactasgcThr Thr Leu Lys 115 120 125
Arg Ala Arg Arg Ser Met GQu Leu Ile Ala Arg Gu Asp Gn Asn Pro 130 135 140
Lys Val Ala Glu Val Ile Tyr Pro lle Met@n Val Asn Ay Ile H's 145 150 155
160 <210> :

<211> 23

<212> DNA .

<213> Artificial Sequence

<220>

<223> Artificial Sequence

<400> 14 N .

caaattecgte catatgggat tce 23

<210> 15

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Artificial Sequence

 <400> 15

gtaacgctga attccecggeg 20

<210> 16

<211> 600

<212> DNA

<213> Homo sapiens

<400> 16

atgggccacc accaccacca ccacttccca accattcecect tatccagget ttttgacaac 60

gctatgectce gegeccatceg tctgeaccag ctggCCtttg acacctacca ggagtttgaa 120

gaagcctaga tcccaaaggé acagaagtat tcattcctgc agaaccccca gacctcecte 180

tgtﬁtctcgg agtctattce gacaccctce aacagggagg aaacacaaca gaaatccaac 240

ctagagctgce tcecgecatctce cctgectgete atccagtecgt ggcectggagec -cgtgcagttce 300

ctcaggagtg tcttcgccaa cagcctggtg tacggcgcct ctgacagcaa cgtctatgac 360

ctcectaaagg acctagégga aggcatccaa acgctgatgg ggaggcﬁgga agatggcagce 420

cceeggactg ggcagatctt caagcagacc tacagcaagt tcgacacaaa ctcacacaac 480

gatgacgcac tactcaagaa ttacgggctg ctctactget tcaggaagga éatggacaag 540

gtcgagacat tecctgegeat cgtgcagtge cgetetgtgg agggcagctg.tggcttctaa, 600




Tyr Qu Ay Val Asp Val Ala Val Gy Gy Met Qu A n Arg Lys Ile 165 170 175
H's Met Leu Ala Arg Qu LeulLeu Pro Lys Lys Val Val Cys Ile Hs 7 WO

2007/ 021297 PCT/.US2005/ 044041 180 185 190 Asn Pro Val Leu Thr Gy Leu Asp
Ay Qu Ay Lys Met Ser Ser Ser 195 200 205 Lys Ay Asn Phe Ile Ala Val
Asp AspVaeR00P2I298 u A u Ile Arg Ala 210 215 220 LysPCT/ES2095044844 Al a Tyr Cys
Pro Ala dy Val Val Qu Ay Asn Pro 225 230 235 240 Ile Met Qu lle Ala
Lys Tyr Phe Leu Qu Tyr Pro Leu Thr Ile Lys 245 250 255 Arg Pro Qu Lys Phe
Ay Ay Asp Leu Thr Val Asn Ser Tyr Qu GQu 260 265 270 Leu G u Ser Leu Phe
Lys Asn Lys GQu Leu H's Pro Met Arg Leu Lys 275 290 285 Asn Ala Val Al a
GQu Qu Leu Ile Lys Ile Leu Qu Pro Ile Arg Lys 290 295 300 Arg. Leu 305"’

411‘<210> 17

<211> 306
<212> ~ PRT
<213> Artificial Sequence

<220> ’
<223> Artificial Sequence

<400> 17
Met Asp Glu Phe Glu Met Ile Lys Arg Asn Thr Ser Glu Ile Ile Ser
1 : 5 10 15 )

Glu Glu Glu Leu Arg Glu Val Leu Lys Lys Asp Glu Lys Ser Ala Val
20 25 30

Ile Gly Phe Glu Pro Sexr Gly Lys Ile His Leu Gly His Tyr Leu Gln
35 40 _ 45

Ile Lys Lys Met Ile Asp Leu Gln Asn Ala Gly Phe Asp Ile Ile Ile
50 55 60

Tyr Leu Ala Asp Leu Hisg Ala Tyr Leu Asn Gln Lys Gly Glu Leu Asp
65 ) 70 ) 75 80

Glu Ile Arg Lys Ile Gly Asp Tyr Asn Lys Lys Val Phe Glu Ala Met
85 90 95

Gly Leu Lys Ala Lys Tyr Val Tyr Gly Ser Glu His Gly Leu Asp. Lys
100 105 ' 110

Asp Tyr'Thr'Leu Asn Val Tyr  Arg Leu Ala Leu Lys Thr Thr Leu Lys
115 120 125

Arg Ala Arg Arg Ser Met Glu Leu Ile Ala Arg Glu Aép Glu Asn Pro
130 135 140

Lys Val Ala Glu Val Ile Tyr Pro Ile Met Gln Val Asn Gly Ile His
145 150 : 155 160

Tyr Glu Gly Val Asp Val Ala Val Gly Gly Met Glu Gln Arg Lys Ile
- 165 : 170 : 175

- His Met Leu Ala Arg Glu Dheu Leu Pro Lys Lys Val Val Cys Ile His




Asn

Lys

‘LYS

225

Ile

Arg

‘Leu

Asn

Arg.

-305

WO 2007/021297

Pro

Gly

- 210

Ile

Met

Pro

Glu

Ala

290

Leu

Val
195

Asn

Lys

Glu

Glu

Ser

275

Val

180

Leu

Phe

Lys

Ile

Lys

260

Leu

Ala

Thr

Ile

Ala

Ala

245

Phe

Phe

Glu

Gly

Ala

Tyr

230

Lys

Gly

Lys

Glu

Leu
Val

215

Cys

Gly

Asn

Leu
295

Asp
200
Asp
Pro
Phe
Asp
Lys
280

Iie

‘185

Gly

Asp

Ala

Leu

Leu

265

Glu

Lys

Glu
Ser
Gly
Glu
250
Thr

Leu

Ile

Gly

Pro

Val
235

kTyr

Val

His

Leu

Lys

Glu
220

Val

Pro

Asn

Pro

Glu
300

Met

205

Glu

Glu

Leu

Ser

Met

285

Pro

190

Ser

Ile

Gly

Thr

Tyr

270

Arg

Ile

PCT/US2005/044041

Ser Ser

Arg Ala

Asn Pro
240

Ile Lyé

255

Glu Glu

Leu Lys

Arg Lys






