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, SYNTFI CTASE AND USES THEREOF CROSS- REFERENCE TO RELATED APPLI CATI ONS
[01) This application clains priority to U. S. provisional patent
application Serial No. 601639, 146, filed Decenber 22, 2004, the
specification of which is incorporated herein inits entirety. FIELD OF
THE PRESENT | NVENTI ON [02] The invention pertains to the field of

transl ati owghbmebmm stry. The invention relates to npthossesfesos

produci ng and conpositions of am noacyl -t RNA synt het ases and uses

t hereof. The invention also relates to nmethods of producing protei ns in

cells usi SUC noac :Bébggg%h

conposi ti M&%@% %ﬁ&w&&?ﬁgl@mc code
of every known organi sm fromBEEeTTHERFEOEM™RNS, encodes the sane
twenty common amino acids. Different conbinations of the sane twenty

natural amno aci QEOEQIREFEIQEIQCE%@ hat. o xpputcxyIongl |y all the
conpl ex processes of life, from phot osynt hesis to signal transducti.

andthe rmtrre nse In order. to d|f rotei,

struct ul®and fE Waﬁc’é’c‘i@wpg‘f’%tyﬁ% %’E’Hﬁ? gp&lﬁ% %%1 Ii%%th t he
geneti c ggre, 14@@3&@&@%@ Q@Mt@@ﬁﬂéﬂﬂﬁ@m@f vﬂﬁéhh@'zr[borpld&m\lﬁfem intitshas
been dlfflcult to renove the constraints i nposed by the genetic code

that |ift®pkoteins to twenty genetically encoded standard buil ding
bl ocks (with the rare exception of selenocysteine (see, e.g., A Bock et

al . (1991) Mol ecul ar 1% %8%] % pyrrol ysi ne (see,
e.qg ., tinivasap, et '@%&W 459- 62% 041. Sone
progr essI as bedfe %PEEI‘%“}P@GF@HB Brpstap i°§ eMpiTh o GGh LYRRED

pr ogr s Selafias @&ﬁéﬁs'&@r&@&z@%ﬂhaﬁp@mom bﬁ’arhxﬁod’c?ﬁﬂ@n@b)hﬁfhc&@ékteﬁl@ lusdar ot ei n
structure and function is still in _its infancy. For exanple, chemsts

have deVirePed ivetiadsn aisg rsleieate giededs al Bsﬁﬁﬁi%prféw&rf& RipEFEle the !
Struct ures, ObyiS ARl syﬁmkﬁ&ghl%reﬁ%%umﬁos%m J. Corey, & XAM Chong, The
Logic of Chem cal Synthesis (WIley-Intersoi euce, New York, 1995)). Total
synthesis (see, &e.g., B. Merrifield, (1986), Science 232:341-7 (1986)).

and sem -synthetic 4 OREHOUTPOF THEPRESENT TOVENTIOACKSON et al .
(1994) Sgijence @_@@ e%ét% dhde 8NEherdnotn oFAUWBAro& bibterR o K8Rns, en@&ﬂa@@:)e

Annual eV| ew of | ochem stty 69.923-60), have made it ossible to

synt hesjsg@e ﬁi@%ﬂ@@ﬂ%@@n@w@ @ifferptrempatas gbihe sorae Rt NgEIA AEE® and

; ?‘g't 'el ﬁ?@%g\@/grﬁﬁn PHleink Ngse 1B RAALAQIF SN el Sthodiskd bV BBm
photosynthesis to signal transduction and the inunune response. In erder to study and modify

protein structure and function, scientists have aftempted fo manipulate both the genetic code
and the amino acid sequence of profein. However, it has been difficult to remove the
constrainis Imposed by ihe genelic code that Hmit proteins to twenty genetically encoded
standard building blocks (with the rare exception of selenocysteine {se¢, e.g,, A. Bock et al,,
(1991}, Molecular Microbiology 5:515-20) and pymolysine (see, eg., G. Srinivasan, et al.,
(2002), Science 296:1459-62).

f04] Some progress has been made fo remove thess constraints, although this progress
has been limited and fhe 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 shuctres of small molecuies (see, e.g., B. J. Corey, & X.-M. Cheng, The
Logic of Chemical Synthesis (Wiley-Interscience, New York, 1995)). Total synthesis (see,
eg. B. Menifield, (1986), Science 232:341-7 (1986)), and semi-syathetic methodologies
(see, e.g.. D. Y. Jackson et al., (1994) Science 266:243-7; and, P. E. Dawson, & S. B, Kent,
{ 2000"}, Annial Review of Biochemisiry 69:923-60), have made it possible to synthesize




10 kilo Daltons (Ma), Mitagenesis nethods, though powerful, are
restricted to a limted nunber of structural changes. In a nunber of
cases, it has been possible to conpetitively incorporate close
structural anal ogues of comon am no aci ds throughout proteins, See,
e.g., R Furter, (1998), Protein Science 7:419-26; X, Kirshenbaum et
al" (2002), ChenBioCher 3:235-7; and, V. Poring et at, (2001), Science
292: 501- 4woGhentsea peptide ligation and native chemmeadodsiogati on are
described in U S. Patent No. 6,184,344, U.S. Patent Publication No.

2004/ 01384 Pat ent, Publica 20 8046,. WD 02/ 098902,
and V\op%ﬁ-%éé?‘g%f%ﬁ“ Waleat bt eﬁ%@&%@@%&ﬁ&wﬁﬁwi B ReiraRs orP ot
al . i n eticCobitons 200k, NRabaeBLstk) mdBO O hiodEs Bow R Sur BRI th AWRhEdd a

protein is chenlcally ligated to a synthetic _peptide. containing

unnat urBRbEN PNt §haass rBSSBERSE 6F 8356 11 %ﬁthe@hyossfo@sqa CEEPPRIET k
denonstipal et bidte sttﬁl@tulta{ ﬁf{&ﬁ)lgéés' ?R&hmPRERIR8EMs ﬁﬁeu%holﬁ g&dte;ﬂko Kol et 2.

accommobdat’e am no acids simlar in stricture to See,

~HortiuR @memw98R&mMMﬂ%§)26N& K@@SBHEWZIV%@ Q@@Y'@@B&@!ﬁﬂs wor k

was fur y.rel g iC colt
synthetases so &F%éﬁaF @ﬁﬁg Sm&ﬁggggggqaanF%%m§%|g@ﬂﬁa§’ﬁgfﬁﬁas
t heir amgvm&]:&mml hgaﬂon ard deecrihed oh, UNDPaaniéVa. 6184.844 T5R.ovuent Haiihcatnxtnat i ons

Lhe. endSNBIE Snerot st dbBioRgl A, FOB ARG e oRURHs A BReE”

292: 50153504235 HovEse bne inb@peaist rat firaRe dietebh.i Ny et al. on el gl ngoalhe

genetic han e andln t he enetlc | ead t O, varylng )
degr ees® 3?‘533%3% réf"fﬂ"b%ﬁ ”i‘ﬁt ﬁ@rciif ?n%ﬂlq%@%ﬁlgéﬁgﬁ%aéﬁ &% th an
unnat urRbtid BoR@indd lﬂna’t{u@ﬁﬂmh@h&tﬂs (edpridasd lﬁbn@ingﬁmi). unnatural : am no

acids could be site-specifically incorporated info proteins in vitro by

the addusj on ofxtheric akhnsdhidl NRACHE atR6a@irkhogemady @Ehekss Wdessor
tRNA'"s to an |n vitro transcription/translation reaction, See (g
e@u | .

Nor en, accommgodateeqmigp am@ﬂ%ﬂ@;ﬁf inE{rares to e cpgmuopggienigaiSee Hprtip
(1989) y‘mé\m (1%@1& 8%17?97 ﬁ@lﬁus%ﬂ@mrﬂmw Q{t&lﬁedﬁ 9@9& L

pi n, Che Cor ni sh, V. et Anew,
Chem . thmpee@aﬂy gﬁer@Qaene@e,E cfh synthgtppRmern, that fh@r aotweti gglza)mralsa@n@cn aaids

255 1974 50805 HQ}Oﬁ{D%te %{ﬁ#ﬁ%zmo%ldati\ﬁere&l:? 95);as ¢ ﬁﬁgﬂﬂ e BEMEGWiPEditing

Bi ophysi cs an B| 0 Structure 24:435- ese st udi és show
that t hsnridseoddelsahd usaldnsttend thnsubastosepaskiie @mﬂ@gamiummﬂwasm Feel ar ge

nunber nrat ur.al v t u t es.
fortJ%g gf@? #Z@ gﬁﬁ%?gﬁﬁka%?%8§%§ at?@%gv '%%ﬁﬂgéﬁgngﬁ?ﬁﬁg%fﬁf and
t he st oechiirgntbt pivetic oraie natker dian el dipe duegseieonds si@/ieddi tnhf’areﬂlgtdagreeamu nt
f t 0 0688 1043603
o1 P O ihn § n%’nﬁ%fg%"%p”ﬁ B O B P R, > P

exanpl eﬂnq unnatLutr 2 l} as s%oaCI ﬁ'ﬁt \Gﬁaa%m!’ﬁnta&?n%u %czgs u18 ]EE: Elie- spacitﬁlcgl!ly
acetyl chdl i ne recep or Xenopus

) incorpereted into protems in vitre by the addition of chemically aminoacylated orthogonal

amber suppressor tRNA’s 10 an in viire transcription/translation reaction. See, e.g., Noren, C.
J., et al, (1989) Science 244:182-188; Bain, J. D, et al., (1989) J. Am. Chem. Soc, 111:8013-
8014; Dougherty, D. A. (2000) Curr. Opin. Cherm, Biol, 4, 645-652; Cornish, V, W., et al.
(1995) Angew. Chem.. Tot. Bd, 34:621-633; J. A. Ellman, et al, (1992), Science 255:197-

200; and, D, Mendel, et al, (1993), Annuval Review of Biophysics and Biomolecular
Stucture 24:435-462. These studies show that the ribosome and ifranslation factors are

compatible with a large pumber of unnatural amino acids, even those with unusual structures.
Unfortunately, the chemical aminoacylation of fRNA's is difficult, and the stoichiometric

nature of this process geverely Hmited the amount of profein that could be generated.



oocytes (e.g., MW Nowak, et al. (1998),1ln vivo incorporation of
unnatural amno acids into ion channels in Xanopus oogite expression
system Method Enzvnol. 293;304-529) by mcroinjection of a chemcally
m sacyl ated Tetrahynena thernophila tRNA (e.g., ME. Saks, et al.
(1996), An engineered Tetrahyrnena OVAG n for in vivo incorporation of

unnat ur al ds into proteins by nonsense suppt Lon, J. B
Chem 271: é%gs%f%% and the relevant nRNA. See, gﬁ@ﬁ%z%ﬁm'&:_ss&s

Dougherty (2000), Unnatur al amino acids as pre&es of protein structure
and functizpn, Qlfrm'ltu@iammﬁmmds haBt dlesn 431646662 mhd cNIsl IW didaviplk, P.
C. Kearne Si | ver man,

Woa o bt okt RS et P BBt s PRRURR gt gttoets o
A.  Doughesclies g, MW Alovk séiel. (19985 e naeicapdaddPoth il mhin¥endpn®

ooeyte was Coinj e(;t d wth two RNA sp emes@&&}:ﬁ&éﬁg@l

encodi ng' ) Sy X’Eﬁoatf% PACH ¥ OAGEPhp @33554}%

. posi tionmQfoihRLRHeSh c@éﬁﬁcé’ﬂ@ ﬁ%%feaqe@{h?a S04 thEABNALR %(‘gy Inaiesha th
the desired unnatural am no acid ansl ati onal inery of t he

oeoyt e t#eth {(1A%Br 41 engiecerpdnbangtoarerariRMéChior in wyo wevpgc@rpﬂ |06ﬁm§1§@@4 fied

by 00, ORS00 3. B L2 i B £ 1
acyl at edti melemnithNAanftde, cdson DX A. Teouglesriy (YO0, ddhnatiivg ayiiet @tsdsmtv pprrbm @f n are

| 3 7
or { hogonZP L RR-Er Y G AR Ts ST Dk el bR P REF R o8 e

t her eof , Kweney, AdBefatyob,nied. (. Gk, 1IC. (i lodymt,het KcSirmehimn éVy Gohddze J.

PO oL ERhel SRt Mot ) EE, B & bt oS oo

(S. ceregtisicac)ss:46@ (1995). JA Xehbpus @boydd was Mj@%&&lﬁ%t}%lp&(ﬁ:&@ﬁﬁ){é imhi ch._ ! :

has enabl, d the cor par at on of non: enet oded. anmi no acjds to
orot of ns B i o ST SR 10k, GOBR o Ay, Ao
physi cal &mdalo@h@ge@ ahd M@ﬂﬁ&%\h@%ssdr mmdimapﬁmmﬁﬁ ki dedirei @B@ngraland

phot oi sorrerl zabl e _am no aci ds, photqgcrosslinldng am no acids (see, e.g.,

Chin, J.amipe agd. ghe tragshioen)] ﬂraplea‘eery A 0095te then S@Pﬂs e tagatipel amino acid

99: 110202’[%@%&51’[10?1@9801@@'% UAG, %forﬁhatél!/ thﬁ;%ﬁ%do]%gy "Hﬁumt@ﬁrﬁmtmm 124;
9026- 9027 eto am no aci ds (see, glpm L., et al (2003) . Prap.

Nat!l. A@eéJe Jhagepn be) mlgomﬁc’feﬁowtbecetlse Ie,’@ﬁamingl\TZA iseghemoally ppdaitc s,
42(22)" 6433 déxﬁ%ﬁm@?@eqé%}y]ﬁte@%ﬁeb%d@g%&Qﬂ alplng,am no acids, and

gl ycosyl ated am no aci ave been cor por at efficiently and with

high fidgigity ing OoPJrEBE%'TA é BinktatiGR! lne@Nhrinfond f‘séé' ’bzﬂh@g’%ﬂﬁl”ﬁ@\n&@

e.g., th anber codo using this metho See, e.
Chi n, & mhﬂgpn$cﬂamma&ylvfmmm©ﬂ®m@%0@m3@ TFeIS2 0687 GABE0R th(BZEIO’@n '

g"orenr;Bi 0%@%&&&%@& $RE o Eyole mslfthia Sorf (2. Born T4 5. WRROGN, Chem
(2001), Science 292:498-500} and the eukaryote Sacchromyces cerevisicz (S. cerevisiae)
(e.g., J. Chin et al., Science 301:964-7 (2003)) which has enabled the incorporation of non-

geneticalty encoded amino acids to proteins in vive. A number of new amino acids with novel

chemical, physical or bhiological properties, including photoaffinity labels and
- photoisomerizable amino acids, photocrosslinking amino acids (see, e.g., Chin, J. W, et al,
(2002) Proc. Natl. Acad. Sci. U, S. A, 99:11020-11024; and, Chin, J. W,, et al,, (2002) J. Am.
Chem. Soc, 124:9026-9027), keto amino acids (see, e.g., Wang, L., et al., (2003) Proc. Natl.
Acad, Sci. U, 8. A, 100:56-61 and Zhang, Z. et al, Biochem, 42(22):6735-6746 (2003)),

heavy atom containing amino acids, and glycosylated amino acids have been incorporated

efficiently and with high fidelity into proteins in £. coli and in yeast in response 1o, e.g., the
amnber codon (TAG), using this methodology.  See, eg., J. W, Chin, & P. G. Schuliz,



[09] Several other orthogonal pairs have been reported. d utam nyl (see,
e.g., Liu, DD R, and Schultz, P. G (1999) Proc. Natl. Acad. Sci. U.
S. A 96:4780-4785), aspartyl (see, e.g., Pastruak, M at al., (2000)
Hely. Claim Acta 93:2277-2286), and tyrosyl (see, e.g., Chno, S., et
at, (1998) J. Mechem (Tokyo. 3nn.) 124:1065-1068; and, Kowa], A K., et
at, (2001) Proc. Natl. Acad_ Sci. U S. A 98.2268- 2273) systens

deri ved fwgrm}smgg@r evi si ae (RNA s and synt het ases h@y@ugggmﬁq%scrl bed
for the potential incorporation of unnatural amno acids in |

ot "ol o SookiEehali i e dudhd Vet e%%%%&azﬁ‘@%amymsyl

(see, @dhm . Edwards, H., and Schimel, P. (1990) MIl. Celt. Biol.
10: 1633-1641) synthetases have been described for use in S. cerevisiae.
The E omi f tyresW oSY¥Si8RLNaSHAe BRvelzesl: ﬁlfp@s“ﬁ:edt ReniaRES BRE atd, Qﬂqu 3-

i odo-L-tyrosine in vivo, in mammalian cel See, Sakanpto, K., et al.

(2002) Bu@idcschuling, @ (1988sProgdNalisdpad Son U. By i Q47§04 185a veraiys{sems have

nmade us, r .St r t i,G, code,

t here |%g§aﬁ%£%1’t@§t éél(%bﬁfr‘ﬁ?&nc‘)ggﬁﬂa‘nﬁ#og?@g%l tl %d %p@%ten S of the
bi osyntQiebj 8., efeadh{1AES ;’.-‘J 1. (Agkivoodmy | 12¢-RAGS- H3681 et Ksefsl, ATKi, st al,,

i nventi bt Lfi st t her. ent u n

evi ew(g¢b1§ & kS ALDESE 3 %@%92 I;\;%%e&s %ﬂg@@ e

[ 10] TaREApamet bﬁﬂm@eﬂeﬁme beeadécscmlind ﬁ)ﬂvken;ﬁotmmimwnpdﬁamc@fmmmmrﬂons of

and mnet hods . oducj ng ortho synt het S.. Am
noacy! Rreidhie R tit oo Ere SPaundE AR (et Kenprar & Frna wi th
a non- natur@bdly Pefec el dscanl Bt 18d. ¢ 95&3@@&2273} amstbﬁisylo(@@,»l egOmRanERt s can
be usedtomcorporatease ected amno ac i ic _position in
"o owithg HeIep Rt 6 s biel. Calihia Thoerei ML aeura ey sheepeonted

responsg; 4 ids &%%%0 Frne @Ay dddah Syﬁeﬁi @550%11 %Eéé! f&yms BRofoBMAn b4

Met hods of producing a protein’in a cell wt selected’amno acid at a

speci f itedp-Lhpasied iprvivar o rednaoelian pdlit dee S@Ramolﬁfe I%r@@br(@@%wﬁlﬁ%r

exanpl a mg n i Fqcel |,
wher e ?h% 3 el B’?%%%r ?gﬂdgﬁ% %l%%| ?%ﬂ%%é‘% lﬁ%g?lg %gﬁ%lrglag%gr %?Igb'wgg'st one
sel ect cfurtmmsmintﬂze@m@mte@da fewtieianpecdrid, depﬂqwmdpmged el/gredddiionel anmi no

acid. The I rises: . nort RNA. ). t hat
frmeti oﬁ’glpmhe Ofgté I%mzfﬁ%ﬁ qﬁee‘“&@ﬁ’i‘%@s lghe {@Aaéﬁe&saeﬁd )I

or t hoganadnti an Rl thkset M. cdber Siyats hat wlleby Q)plaieﬁf) uiohabvienr «ftbe edmhw&igl y

am noa((:%%?t es the O-(RNA with the selected amno acid. Typically, the O-
4 WO 2068/988802 PCTI C152005/ 043603 t1 U TA conprises suppression :
activity in the presence of a cognate synthetase, A protein produced by

this method i's also gy RLukPORrl FRRSART VMRS ON

10} To expand the genetic code, the invention provides compositions of and methods

of producing orthogonal aminoacyl-tRNA. synthetases. Aminoacyl-IRNA. synthefases of the
) | present invention aminoacylate tRNA with a non-naterally encoded amino acid. These
| translational components can be used to Incorporate a selected amino acid in a specific
position in 2 growing polypeptide chain (during nucleic acid translation) in response to a

selector codon that is recogunized by the tRNA.

f11] Methods of producing a protein in a cell with a selected amino acid at a specified
position are also a feature of the ?rssent inveutioﬁ. For example, a method includes growing,
in an appropriate medium, a csll, 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 {RNA (O-tRNA) that functions in the céll and
recognizes the selector codon; and, an orthogonal aminoacyl-tRNA, synthetase (Q-RS) that
preferentially aminocacylates the O-tRNA with the selected amino acid. Typically, the O-



BRI EF DESCRI PTI ON OF THE DRAW NGS 1121 Figure 1-- The cloverl eaf
structure of 717 tRNAWith TtC stemnutation sites is shown. 1131 Figure
2 -- Supression of an anber nutation in hunman growth hornone is shown
using 117 or 717 nmutants (F12, F13, F14) and F9 R S. Total cell l|ysate
for each sanple was analyzed by SUS PAGE. 114] Figure 3 - Supression of
an anber i n human grow h hornone is shown i cel |
lines usi %bgﬁ‘]ﬁg&sé’f RO RS. DEFINITIONS [151 Before d‘g%Tge%gizEn 8G é
invention in detail, it is to be understood that this invention is not
i mited & parmiises AeppisgpoEptvaly te e @fﬁ%eucwf e lsogis, syafheer Seprolglry. It

is also 1;51?{11 8it @%%écﬁé&g EQ&F‘?&&]{J&%O%E ﬁga\zlo&fed herein is for the

pur pose ‘0 esc i'ng par Icu and is not intended
tolimt the scope of Wﬁ 411 be limted only
by the appended cl ai ms]i dﬁiejlr Q}Qﬁﬂg jﬂZBt e a%%ended clainms, the
si ngul arshorms @, a e, 1 E?eﬁ?s t he
cont ent {Zl(e)arl ngfJ{:@[%t Felgm% Ie(_'“%vvl s%ﬂuﬁ ﬁ'}?’?z ﬁ@h%ﬂﬁ fdelrlgnlce to "a
cell" i ndbwdes a conmbination of two or nore cells and includes

equi val ents thereof known to those of ordinary skill in the art, and so

forth. [R8f er en®izure2 illSapﬁe&Ednmf ah ambardegatinodit Gnmsn grbwﬁ:e}mrmm'geais slarvch t he

like. [161 ess, defi ne rem nder

speci f i c‘éf'fnlg:;]ﬁ% Oéﬁﬁﬁygtéwﬁ&c %&i& P%%tf%t’vl &?lecreﬁéysﬁtg Fﬁ%kf tkh%f?fe t he
same neaskiBgedisy STRPRGEY understood by one of ordinary skill in the art
to which the invention pertains. [17] Al publications and patents

rr?n'él i oned4per ei m?ig’mgl@?, Llrmpﬂfew:aaiff efl aﬁeéﬁhﬂlitaﬁm iﬁ hedhen gueth 1icﬁmmﬁegie sigwapose

of descrijbi i scl.os : r_exampl e, the constructs an

met hodol%%i‘fggenctﬁ 1111?5&518@@?%@%331? the publications, which might be
used in connection with the presently described invention. The :
publ i cations di scussed herei n ar L@]E'{I solely for their disclosure

| | o
P Do " CHRLS ool SR65iRE wh Mebtanin drial 1 Ca BB sepD BB AR Dy ¢ o

ant edat eis Sy imtted @ Qatidiar Wologitel bieenaf wﬂfchca:ran | d:l_'\tﬁﬁttsé ,080r Tt insls@mybot her
‘reason. 5 WO 2006/ 068802 PCT/ U920 051043 Hoggl ogaus: Proteins

and/ or prEeEoRd Sat BR CEEIICEY FETirEE bR ﬂrvﬁi%ﬁwfpﬁ%eyo ipgiqular

nat ur al |é6:a1ﬂfd1r§éntté S 1a8d 1hot fEQm B0 HRATRARRE BBHE Blcsddl f ﬁ&r@dti&n%h@f Quei n
sequence. Simlarly, nucleic acids and/or nucleic acid uences are

honol ogo\zpslmﬁ@howw the eprsadadvdaims. datusehbepingind g dher mmﬁe Fleims, dba a
conmon _ aﬁﬁfa?atr tms nye ln@l1Cyrang, 0 ﬁmﬂﬂﬁ:ﬁf&? @Gl ﬁﬁ%ﬁﬁ‘&&nﬁeﬁ?&eaﬂy dictates

otherwise. Thus, for example, reference fo "a cell” includes a combination of two or more

cells and includes equivalents thereof known to those of ordinary skill in the art, and so forth.

Reference to "bacteria"” includes mixtures of bacteria, and the like.

[16] Unless defined herein and below in the reminder of the specification, all technical
and scientific terms used herein have the same meaning as commoniy understood by one of

ordinary skill in the art to which the invention pertains.

f17] All publications and patenis mentionsd herein are incorporated herein by
reference for the purpose of describing and disclosing, for example, the covstructs and
methodologies that are described in the publications, which might be used in connection with
the presently described invention. The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present application. Nothing herein is to be
construed as an admission that the inventors are not entitled to antedate such disclosure by

virtue of prior invention or for any other reason.



exanpl e, any naturally occurring nucleic acid can be nodified by any
avai |l abl e nmut agenesis nethod to include one or nore sel ector codon.
When expressed, this nutageni zed nucleic acid encodes a pol ypeptide
conprising one or nore selected amno acid, e.g. unnatural am no acid.
The nutation process can, of course, additionally alter one or nore

standard codon, thereby changing one or nore standard anmno acid in the .~

resul ti ngwaub@ntssgy otein as well. The one or nore sgEmgai@oagino acid
may be changed to an unnatural am no and or a natural am no aci d.

Hormol ogy, .} s gengral | r.re yence 5| ,,b en two or
nore } ﬁlﬁiﬂ ei c%@%-@—%ﬁ'gﬁ?%?s S* f’%} galﬁeélﬁ%s a§e iocsf’% Fél se
per cent agReQf pabiraliyl & kdtifichBy,Weeh o setenafSstdlairok oS htdn | tsa;ueuce
establ i shi, ng honol og )C{ %?Ses with the nucleic acid and %ﬁgt ei.n at

5 ey

i ssue, el fa@ e Adh RREH ASPITPSOFs aER ARG IR t o
est abl i sl QD! Behialll R8T coln®8lficofal RANERGR o§h€81éz@5618¥ uencg F0130%
35% 40% 45% 50% B% 60% 65% 70% 75@ 80% Yo 91% 9, 92%
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used with reduced efficiency by a system of interest (e.g., 2 translational system, e.g., a cell).
Orthogonal refers to the inability or reduced efficiency, e.g., less than 20% efficient, less than
10% efficient, Jess than 5% efficient, or e.g., less than 1% efficient, of an orthogonal_ TRINA
and/or orthogonal RS to finction in the iranslation system of interest. For example, an
orthogonal tRNA in a fransiation system of interest is amino éc},}lated by any endogenous RS
of a transiation system of interest with reduced or even zevo efﬁciem:y, when compared to
aminoacylation of an endogenous RNA by an endogenous RS. In aﬁother sxample, an
orthbgonal RS aminoacylates any endogenous t'RNA in the translation system of interest with
reduced or even zero efficiency, as compared to aminoacylation of the endogenous (RNA by
an endeg@nous RS. A second orthogonal molecule can be introduced into the cell that
fimctions with the first orthogonal molecule. For example, an orthogonal tRNA/RS pair

inchudes intreduced complementary components that fimction together in the cell with an
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endogenous pair. "Innprovenent in orthogonality"” refers to enhanced
orthogonal ity conpared to a starting material or a naturally occurring
MNA or RS. [20] Cognate: The teen. "cognate" refers to conponents that
function together, e.g,, a tR TA and an am noacyl - TNA synt hetase. The
conmponents can also be referred to as bei ng conplenmentary. [21]
Preferentially am noacyl ates: The term "preferenti | at es”
refers toW8A%@FPP%Li ency, e.g., about 70% efficient a%é%ﬁﬁw E%‘?’
efficient, about 80%efficient, about 85% efficient, about 90%
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codon, @ t han about 99% efficiency for a given sel ector codon.
122] Sel ec on: The term "sel ector codon' refers to codons
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three base codon, and/or a system wherein the natural t hree base codon
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tR NAD A Q*fﬁﬁp&?e%%?rco&ﬂ\"%‘t batr Hﬁh"%b&ﬂ%"/?'&ffﬁfeicﬁ he o 5@‘@{ B9e0f: Bdon,

messenger. RNA ( "RNA) a“given translation system &. by providing a
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through a on i Keludi hot limted to, a stop

{22} Selector codon. The term “selector codon® refers to codons recopnized by the O«
fRNA in the translation process and not recognized by an endogenous tRNA. The O-IRNA

anticodon loop récogrﬁzes the selector cadon on the mRNA and incorporates its amino acid,
e.g., a selected amino acid, such as an wnnatural amino acid, at this site iﬁ the polypeptide.
Selector codons cén include but are not limited fo, e.g., nonsense codons, such as, stap
codons, including but not limited fo, amber, ochre, and opal codons; four or more base
codons; rare codons; codons derived from natural or unnatural base pairs and/or the like, For
a given system, 2 selector codon can also include one of the natural three base codons,
wherein the endogencns system does not use (or ravely uses) said natural three base codon.
For example, this includes a system that is lacking a tRNA. that recoguizes the natural three

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



codon, a four base codon, or a rare codon. [24] Suppression activity::
The term "suppression activity" refers to the ability of a tRNA e.g.,
a suppressor tlA to read through a selector codon. Activity can be
expressed as a percentage of activity observed as conpared to a control
(e.g., lacking a cognate synthetase). [25] Translation system The term
"transl ation system' refers to the conponents necessary to incorporate

a nat ur alyy 26€6dskd2i Ng amino acid into a grow ng pol yweaishaeoakhai n
(protein). Conmponents of a translation systemcan include, e.g.,
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Cel | ul ar transl ation systems include, but are not limted to, whole cell
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successfully to trans ate MknRNA into protein as well as conbi nations
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sequence can be iranscribed fo mRNA and the mRNA translated. Cell—ﬁee iranslation

) systems are commercially available and many different types and systems are well-known,
Examaples of cell-free systems include, but are not Yimited to, prokaryotic lysates such as
Escherichia coli lysates, and eukaryofic lysates such as wheat germ extracis, insect cell
lysates., rabbif reti.culocyte Iysates, rabhit oocyte lysates and human cell lysates. Bukaryotic
gxtracts or lysates may be preferred when the resulﬁng. protein iz glycosylated,
phosphorylated or otherwise modified because many such modifications ars only possible in
enkaryotic systems. Some of these exiracts and lysates are available coramercially (Promega;
Madison, Wis.; Stratagene; La Jolla, Calif; Amersham; Arlington Heighis, IIl.; GIBCO/BRL;
Grand Islani N.Y.). Membranous exiracts, such as the canine pancreatic extracts containing

microsomal membranes, are also available which are useful for translating secrefory proteins.



DNA. is introduced to the system transcribed into mvVA and the nRNA
translated as described in Current Protocols in Mlecular Biology (F.
M Ausubel et al, editors, Wley | nterscience, 1993), which is hereby
specifically incorporated by reference. RNA transcribed in eukaryotic
transcription systemmay be in the formof heteronuel ear RNA (huRNA) or
5'- end capsadodos®bhyl guanosi ne) and 3'--end poly Aghgigkadsmlyre mRNA,
whi ch can be an advantage in certal n translation systems. For exanple,
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or gani sﬁ@nugfg)%ctc ' tainﬂ a%fd &b Ol RELEE ”Aé‘gie'&%i% %ﬁ&t&%ir el n,

the ter rve® Ion OF screening P& SRR ket
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identification of. a cell wit osi tLve.sel ection rker.fromthose
w thout EhabfBePrindaSTarutior faf HarRER of bt 08 o568 rael o BrRaER v o 510
4 3 603ac1¢s?x1]selbie;g§.§t¢1meols1ﬁ,.lr@qtsme NOthér tSefsaRn inikg bﬁazséeegynozf}mouﬁ?dmheﬂseei n,

the term atlveﬂ selfﬁtlon of.,SCreeni mar ker," refers tLo a rrarker
that  whEFR pROSEFLHE00ed SRRl gnc. SEPT At BA00 10} FE Fcere it
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that capmbed to, amino acids that occur by modification {e.g. post-translational modifications) of a

naturally encoded amino acid (including but not liraited to, the 20 common amino acids or
pyrrolysine and selenocysteing) but are not themselves paturally incorporated info a growing
polypeptide chain by the translation complex. Examples of such non-naturafly-occurring
amino acids include, but are npot lmited to, N-acelylglucosaminyl-L-serine, -

acetylghicosaminyl-I~threonine, and O-phosphotyrosine.

{291 Derived from: As used herein, the term “derived from” refers to a component that

is isolated from or roade vsing information from a specified molecule or organism.

[30] Positive selection or screening marker: As used herein, the term “positive

selection or screening marker” refers to a marker that when present, e.g., expressed, activated
or the Hke, resulis in identification of a cell with the positive selection marker from thoss

without the positive selection marker.



used to select target conponents of a systemof interest, For exanple, a
reporter can include a protein, e.g., an enzyne, that confers
antibiotic resistance or sensitivity (including, but not I|imted to,

[ 3-1 act amase, cl al oranpheni col acetyltransferase (CAT), and the like), a
fluorescent screening marker (including but not limted to, green
fluorescent protein (e.g. G-P), YFP, BG-P, RFP, a |um nescent marker

(1 ncl udi ngrobutemespz | imted to, a firefly luciferase perotigicmsizsoan
affinity based screening marker, or positive or negative selectable

mar ker O[ﬁ nes sugh.as sele&lonzm &%m L'ulac{i‘ C’é (é’;% | RELRSH aeélf}l

(al coh dehydrogenase), TS or ’° t | k&
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ciliat ef@mpaﬁaam ece(lllmkiuﬂlpng;e@uhe dwsted gropetigyl to, nonocots, dicots,
al gae, etc.), fungi, yeasts, flagellates, mcrosporidia, protists, etc.

[ 341 Nopzpul ar Rep&ier:ABs usthet@r, Shdternt hepdrefmefemﬂ a%@@bﬁ@ft@fiat ee@lflers to
non- eukar ot| c organi sns. For exanpl.e, a non-enl caryotl o or ganl m can

bel ong S8 foiglem Bl cRPPaTents; (A 1Syt 7 BEREesh JioT PR AR o TPRpricEREHRHY
coli, TheonRaus gt RERRSRRI hiSconBaCidibise rlsBas-QlRERRYI dnuﬁmmgswﬁ&r honas

fl uor escens, Pseudormnas aer ugi nosa, Pseudornonas putid
phyl ogénelﬁaédonﬁalaaﬁamaseo¢lﬂqrmeplmmmhbfeatyh@lﬁerasewﬁﬂﬁ arod d@dﬂm} Jaa’irmn@mnm U,

Met hanobact. r| u otr | ohact er wn su qﬁﬁa er ax
vol cani ¢ 38 65215@{1 “‘hmgg%‘%f@% I\Jﬁj% 076?80 éﬁ%ﬁ?)% #ﬁ
Pyr ococeGRrP fRI@l, @m&paﬁmmﬁcﬁdﬂﬁdmgfﬁm lnosﬁ:ﬁaf%d to %Meﬂpwmmens@@bmhﬁ et c.)

hyl ogene ma ' nservat.ive varj.ant: m "conservative
ot o et R Soeh Bl Hus G oo B ERE Rlepianls B e EEr i B

vari antja & RNMIRI7 3 GaRSBH¥AS) A@}ymdoﬁatda%cﬁe%genéﬁ)%ef h&%ﬁtlle@i‘%&}’or
perforns i ke t he conponent from whi ch the conservative variant
based, ®Belke. an OtRNA or 0-RS, but has variations in the sequence. For

exarrpl e, an ORS w il amnoacylate a conpl ement ary O-tRNA or a
conser viadl ve v@ﬂkﬁk&L odRMEed ferein, dhesisie ¢ @l&rgrYO@nmf@rSéQ;pmamémgde@mg

unnat ur ltheﬂ%ﬂ méh‘ﬁ*&% sl G &Biﬁ%%'ﬁ%nfl@&i%ﬁﬁ éd’f%t #n\éz‘ém\éﬁ“ ant

Ot RNA ave t e sane Sequence
ami noad;a$eatse¢pu]%,lbﬂés, eA@), Viba26 Qb artcG8 Rl rRCTIL u@2@@5¢®’¢33®3€100§e dizgtsed

| t ORS or a
o neer Sk of) S Wi BAHLR, pAIDBHAL oV COMRI ST ATy D e O
vari ant[eQI RS d‘i’x*oﬂ%ka@ @ k@%sé@rﬁ%eﬁae%g%rﬁr o, euﬁc&%ﬁ%ﬁvﬁﬂrv% vapi ant

can hav I'on, two Variations, vari ations, four
vari ati @h&r,yom org:mmnso rFomramphaa mam—;emiqwohm ogemsm noebelay th dnglé;soteme

gogger v tclludm antgt 1111'11‘[%8 NQCI),GIEEC%G%E i coﬁ'z h%/zgrgxrug e%g}qgﬁﬁnlgs, Btaczhlzefs' or
stearothermophilus, Pseudomonas fluorescens, Pseudomonas aeruginosa, Pseudomonas
) putida, sic.) phylegeneﬁc domain, or the Archeea (s.g., Methanococcus jannaschii,

Methanobacterium theymoautotrophicum, Halobacterium such as Haloferax volcanii and
Halobacterium species NRC-I, Archoeoglobus fulgidus, Pyrococeus furiosus, Pyrococcus

horikoshii, deuropyrum pernix, etc.) phylogenstic domain.

[35] . Conservative variant: The term “conservative variant” refers to a translation
~component, e.g, a conservalive varant O-iRNA or a consarvative variant O-RS, that
fomctionally performs ke the component from witich the conservaiive variant is based, e.g.,
an O-fRNA or O-RS, but has variations in the sequence. For example, an O-RS will
amineacylate a complementary O-IRNA or a conservative varlant O-IRNA with a selected
aming acid, e.g., an vunatural amino acid, although the O-1RINA and the conservative variant

O~ARNA. do not have the same sequence. Similarly, a (RNA will be aminoacylated with 2
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[ 36] Sel ection or screening aaant: As used herein, the term"sel ection
or screening agent" refers to an agent that, when present, allows for a
sel ection/screening of certain conponents froma popul ati on. For
exanple, a selection or screening agent includes, but is not limted
to, e.g., anutrient, an antibiotic, a wavelength of light, an anti body,
an expres ucl eotide, or the like. The sel ect] an be
vari ed, e.%g(g?w@%lg%}gncentrati on, intensity, etc. [37%0%3%?§&%302n0t _
efficiently recognized" refers to an efficiency, e.g., less than about
10% | esdectddasminboid, 594, on tmsiwra rannabodt b¥% catvishicalryaOrs for om one
organi s rni.noacyl at t RNA. D . 3 ation
cver om PRAP AP IRE BUES «h e RS B BP e e R R AN e
sel ect ethcanheceq@endds, THe. @nserativaniabiutal haagl a, asidriatnetoescriidad in

U S. patent applications .10/126,931, entitl.ed ' METHODS AND COMPOSI TI ON
PR TH e RN A RO R AVIEAEY [ FRRRCEYRPEES RSBl RS
‘and 16/ dadRerBddife vareiit ishbﬁgleﬁﬂeﬂm¥|t6/@ebbi@3mT@%%r ONNATURAL AM NO
ACIDS." In addition, see USSN 16/ 825, 867 entitl ed "EXPANDI NG TEE

LEUKARY?E! C GENglLfEDErceninEasdht:0fastieb RerglRPlte Gt ‘QBRctics dr REQERGS at ed
herein by reference in its entirety. Such translation systens generally

conpr i safesie] Telrs iaen pERT bRl BheToPIekal oA s tIRNA selertionfrpsiing oo ritigyonal
am Noac Yl iRy S¥ANGHAR80{ OrRRkamABD: R1c364,L6! oM} ARnABEHdesCn s AN
unnat ur al %am’ no acid, y\/n?are thgmd?% am ncac [aflggé%ﬁg OtRNAW th the
sel ect edotdimiiizd taeigd.2 Miriaok t2h gidetic, papyelensth efiizhh pe selivody. 9y exuessed i s
conpose 0-t g. .8 or.. 1 FRNA, frar i NA, or
the lik ?1%§1r?%ﬂté%’ C?EQ E@a '@ﬁ'e ’J(‘)I}et ﬁﬁ%ﬁg{egg%niczmtés a ?ﬁ’s%’gégg?é%%%ﬁ%% on and
has supanegsieion activity in presence of a cognate synthetase in
response to a selector codon. The «cell uses the conponents to '

i ncor pof¥#i e t hélbsddrecheteffivienily rawigdizéditrefens tgpowilingnpok.gpbpt thaesbozhai n.
For exanpl e, .a nucl.ei cidith C Li.$es_.a ynygl g0t i t encodes
a pol yg@’é’t %easeﬂbafl ?br? e|5 z’étorclﬁsﬁa’[gfusg & ]ﬁ?e’e%teﬁrﬁl,%v%ggeﬁ?%eﬂ%o rg%%’(r:{l eoti de
conpri sesmaayBeC-tRNA.codon that is recognized by the 0-t RNA. The

transl ati on systemcan also be an in vitro 11 WO 20061068802

PCT/ US2005/ 043603 system RS nol ecul es of the present invention are
useful in any transl ati onal DEYATIEED) DESORIRAIOY systens that utilize

ri bosomiEs] i n t riansiativs entembIt athaidicdnshatihpprosys tlewingaye aleso nives a

oo Sl e TR T AP R e, o

t enpl at e0/(23pH| Betidd M WETHODE ANBCCOMPOSITIONI FORaMEERRODYCTION GM vitro
SNt hest g D dBUEE §hA-AMINOACYL (RMA SYNTHETASE PAIRS” and 10/126,927,
entifled “IN VIVO INCORPORATION OF UNNATURAL AMING ACIDS” Tn addition,
ses USSN 10/825,867 entiled “EXPANDING THE EUKARYOTIC GENETIC CODE.”

Each of these applications is incorporated herein by reference in ifs entirety, Such translation

systems generally comprise cells that include an orthogonal tRNA (O-RNA), an orthogonal
apinoacyl IRNA synthetase (O-RS), and a selected amino acid, e.g., an wmatural amino acid,
Whem. the O-RS aminoacylates the C-tRINA with the selected amino acid. An orthogonal pair
of the present invention is composed of an O-IRNA, e.g., a suppressor {tRNA, 2 frameshift
tRINA, or the Hke, and an O-RS. The O-{RNA recognizes a first selector codon and has
suppression activity in presence of a cognate synthetase in response to a selector codon. The
cell uses the components to incorporate the selected amino acid into a growing polypeptide
chain. Por example, a nucleic acid that comprises a polynucleotide that encodes a
polypeptide of interest can also be present, where the polynucleotide comprises a selector

codon that is recognized by the O-(RNA. The translation system can also be an in vitro
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by the ribosones. Considerable effort has been applied to the

devel opnent of cell-free protein expression systens. See, e.g., |Cm
DM and S.R Swartz, Biotechnology and Bioengineering, 74 :309-316
(2001); Kim DM and J.R Swartz, Biotechnology Letters, 22,
1537-1542, (2000); Kum A M, and J.R Swartz, Biotechnology Progress,
16, 385.390, (2000); Kim D.M, and |I.R Swartz, Biotechnology and

Bi oengi neewdngsn66;2180- 188, (1999); } and Patnai k, RpcangeshsRisiswnart z,
Bi ot ec/ zni ques 24, 862-868, (1998); U S. Patent No. 6,337,191; U S
Pat ent Publicatjon. No:. 2 10081660; WO 00/55353; WD 90/.05785, which
are inc 5?%%1?-at NFoRlst & ST oo B h‘laff’é‘g&b rﬂﬂ%é’ﬁﬂﬁlﬂ%gnﬁfﬁteﬁe

- appl i ed jich@lidpdesehhBat RN PRt dsderidiBiion t echnique. See, e.g., it.
Roberts and J. Szostak, Proc. Nat!Acad. Sri. (USA) 94:12297-12302
(1997); #8] Fr ankeltranghitioal systerCheiaSb by a&BilFed gy-+1105) k4321406062003 .  In
this approach, an nRNA tenpl ate |inked to puronycin is translated into
pept i de e BRESIEFsGReEnclide e TN At SICTRRIE ol Ee (redatnal ¥ Hde s

nodi fi e%terl}[%lﬁ‘ﬁe RtdbiRlE 190 ArafetifSorCAR raR8atioll AhdRA SRS it RcBept | de
as well, After the last nmRNA codon has been read, _puronycin captures
the C-t &¥Frthhigosgies h&Eopefarade offpn hanbegneapplied fytherdaaclpppert #& cediptigat e
is foun i nt eresti ngL.pr.opert. b b NVl ; I
dent | 1520 el BLRRL DD R, M R oSk uBR R e SR
one may Bergaeeriipbiapiesi of2000] ¥ive 3t Mdesd EBnPwitti AiprecbmdogyrLerters 22,

‘non- nat e am aci ta.ldentify | i des .hayd g

dosi 1 od Loy iar (HRLF RRH B8 T SyRlERbbict B BRI AR, i 1
puri fi ed2@OpFanchHs, e, ISeeriz, Biepdnt/eg) dhdtcqpeinedrtngt 6t 184/hi%) Ei9D3); of

epti des tituted.wih,non-naturall nc 1 | ds. e.g.,
A Pror st rapudy K ot PRt SRR e IRy BSba%e R i
certain Gﬁﬁbpﬂs};rtgﬂ.tmtenamﬁcﬁmmﬁ, (2?@2/0&80@@{; (0] Iﬁlg:a‘Sﬁhﬁe; RED (90{05’{86, wlgebenf _

i nvention includes. such a trans i on syste or exanpl.e, . coli
ol | of ACHPUEER DY TRt RO ACP e SRR (i G i PRI BRI
wher e t heR1QA HEWHA FEiHed B RBe S SRPE 85 Rl RBberBGhd Vi $2¥sthlf) IPEE IRACRAScA
cognat e s§nt het ase in res;’z)o&se to.a selcgétor codon; an orthogonal _
am noaoy P URMA 28y i 182 458 71 6 Rigykel gt do| (derEl 7P REERET- 894380 (08 c ei ¢
aci d t haf mif QiRbd-Bem ARRA! ¥APGHSEAR hhahy8RcOaRIafalRbyRER demaf

interest, where the polynucleotide conprises a selector codon that is

recogni Zegsaie. theneor pRIAR NS MNeC e B0 8EE 0w JHET) WBPTHBRWEEDTIdsa 1 The
i nventi @Q Bl 3R LEATME etl?)ef b Rk Gdt t RNV BS: RBANS bl Pn&Chden 104 Ch

allows incorporation re than one se@ect eB%m no acid. In certain
enbodi meromyctiveptoesk fhedaisimings efbe pepfidt- ud dheamsvatedi mRYAperddef fonjuaste

Ot RNAI @, [ .Se : 3 L0 :aGid.: .

R N e
ami noac\icat ths nBIEA @qnRNA Wi his wdyeorsenayrdrese Hertieschfaniypeptded ebmpBsing

exanpl e, 2 of %Jre &3 Lnaturally encoded amino acids to identify polypeptides having desired

) - properties. More recently, in vilro ribosome translations with purified components have been
reported that permit the synthesis of peptides subsiituted with non-naturally encoded amino
acids. See, e.g.,, A. Forster et al., Proc. Natl Acad, Sci. (USA) 100:6353 {2003).

[40] In ocertain .embodimants, an E. coli cell comprising the RS of the present
invention includes such a translation system. For example, the B. coli cell of the present
invention includes an orthogonal tRNA. (O-RNA), where the O-tRNA conaprises suppression
activity in presence of a cognate synthetase in response to a selector codon; an orthogonal
aminoacyl-flRNA synthetase (O-RS); a selected amino acid; and, a nucleic acid thal
comprises a polynuclectide that encodes a polypeptide of interest, where the polynuclectide

comprises a selegtor codon that is recognized by the O-fRNA.

12



further conprise, e, g., an anber suppressor tRVA-am noacyl tRNA
synthetase pair derived fromthe tyrosyl-tRNA synthetase of Mt
hanococcus jannasobti. 142] The O-tRNA. and/or the O RS can be naturally
occurring or can be derived by nutation of a naturally occurring tRNA
and/ or RS e.g., which generates libraries of tRNA's and/or libraries
of RSs, Lety of organisns. -For exanple, one strate of
produ0| ng (g‘%{%%%%ogonal t RNA/ anmi noacyl -t RNA synt het £§§mﬁ§‘iﬁ?f&¥ﬁ)§o| ves
inmporting a heterologous tRrNA/synthetase pair from e.g., a source

ot her t{#ah t he Thedhveardd alsoabatniat tufilpts @@RINEES-RSipBImin 4 b, Wtigh aiedd . The

properties of .the hete oI nt het i.date i.nclude, ., that
P P e Bttt o o G Y APRRA oy R ot e i o fi

het er ol RgasSné RN rCARIEA ETerdnn O- @@@%XO@&EQ@M dddad sebdndl s&leﬂa@ci armzm acid,

ar ni noac Iated by any host cell synthetase. In addition

het er ol BBBEsTE FRARNA Bremgd iaFoBd alectibspdase Ap s%tqrg‘ﬁaglééeren@a@ A
second éﬁ:ﬁx@é s FeRY OQR&%{]@M i) s@ébn@%i@&&?&ﬁﬁo I%éﬂdr Fﬂﬁf&laﬁgﬁe Q%@i%a%t' ng
nmut ant I|brar|es fro to screen and/or sel ect an f RNA or O RS.
These sfibitreqpnesise #g.angenbehapewaisr HEdA-apinppoyl AR Ar syplistageniicdensst s, t he
O I RNA g gtz%tﬁé %fgg%}%t}{& oloF RID: é%%oéoﬁﬁ}aﬂ%%;mm gani sm Tti another

enbodi men erive rom a’ naturally occurring or nutated
nat ur al occur T RNA, (g ig@}] erived
from n%hr al | yrlrhgcQ%ur ri ngwéiﬁ%uc?ggéséﬁng%ra ?%@3@% élf]%a%ﬁéfeﬁ?%d?nb}g
second wbton sha ndtwalnescuein Rhildend/or Ehe.d.iwisth @mdiasaed:bmdemfgmfm are

Syar t ncttstes i B BRSSPt SR SRR or e e B0 sh el ana o

t RNA desd vatbdongmBarn/anebael RNANAy{iRetge Fairoiivdivdsaingloatdiges |hmrerol@0us

NRC-f) . er i vel the first apd second organi sns .are the sane. Seel
the secTRUMEGRGTEF e Taguf Ged SSiTE p@l&&fiﬂcﬁﬁiﬁﬁ PORERLP SPEFatil t§ onal
iOnf gr W?ﬂ:&b%ﬂst A5 It @Rt b 1R MHeeed 1 SRL syzﬂietdsaearmﬁmd tlullg)eantthan an

RS of .t he present I nve n corrprlses or .i.s .encoded

pol ynucles BPe e fie fed c%égtt@@} g thaprpperigs st s tgrologaps f%?‘gé’aﬂéld&te

conpl enpgkaL Ve, QO knapwct; ek 'aﬁ'ﬁzoﬁs%ﬁéi&f‘ 69 ah? %&oafsu é%zhth%tagé)n%?%&ﬁﬁéﬂ/ Qhe
variation thereof in certain enbodinen O R5 conprises an am no

aci d se%@ﬁl@émﬁ@@éﬁsw@wgwamﬁ@é@sm@ilssﬁlﬁlwszoomoesssoz PCTI US2005103603

NQ 5. See also the section entitled "Nucleic Acid and Pol ypepti de
SequencB3hnd Vo pesand stratagy e generaiing Hogidipgrral REAMUOKRINAGDCTA4B Tajfnt

ort hOgOﬁﬁJanés% (xﬁ%cﬁl%réen%gfb?-g& t EQ@Q&M ALhAY Ofpede &Palte%feg egh apg no

-acid into proteln that is enco by a pol ynucleetide that conprises
a sel ecbﬁ)?@néfmfdn that is

{44} In various embodiments, the O-RNA and O-RS are derived from at least one
organism. In ancther embodiment, the O-tRNA is derived from a naturally ocewTing or
mutated naturally occurring fRNA from a first organism and the O-RS is derived from
naturally occurring or mutated naturally ococurring RS from a second organism. In one
emhodiment, the first and second organistas are different, For example, an orthogonal pair
may include a tRNA synthetase derived from Methanobacterium thermoantotrophicum, and a
RINA derived fom an archael tRNA (e.g., from Halobactertum sp. NRC-1}. Altematively,
the first and second orgaiﬂsms are the same. See the section entitled “Sowrces and Host

Qrgamisms” herein for additiopal information.

[45] In certain embodiments of the present invention, an O-RS of the present
invention cornprises or is encoded by a polymucleoiide sequence as set forth in SEQ ID NO.:
4, or a complementary polymicleotide sequence thereof, or a conservative variation thereof.

In certain embodiments, an O-RS comprises an amino acid sequence as set forth in SEQ ID
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recogni zed by the O-tRNA, e.g., in vivo or in vitro. An O-tENA maybe
anai noacyl ated with a desired am no acid by any nmethod or technique,
including but not limted to, chemcal or enzymatic am noacyl ation. The
am noacyl ated O-t RNA nay be added directly to a translation system An
Ot RNA may be am noacyl ated by an RS of the present invention with a
selected amno acid in vitro or in vivo. In addition, the RS may be an
0- R8. An“%%ogg}&%mgan be provided to the transl ati onpsystemussy, in
vitro translation conponents, or a cell) directly, or by providing a

Canpl 8'0ah 16 £HA e oS e RO r St d RNGeRTLer B BV Yo cot | de

sequenggregs set forth in SEQID NO: 1, 2, 3, or a conplenentary
pol ynucl eoti de sequence thereof, or a conservative variation thereof.

An O -RS can be gr'ovi dﬁ% tx 6h§ tgansl ation system(e.g., in vitro
translation co : € directly (e.g. SEQID NO.5 or, 17) or
a consjﬁ@lat i vern wEPPspldRNAHEY ) rpgdighp %W&Qﬂrﬁioﬁé’§é Spetishteie stidde . t hat

encodesyn: oS Bkt B $O6dch Q) o PyReketidsFOL RXPRM: sl cFHn Bht A
portion thereof, is encoded by a pol ynucl eotide seguence as.set forth

i n SEQreengsd byghe Q-1BdlAy Age INeBYd ¢dn gidigu el ©-IRNAtm i8oag iRl walki d
sequence : 7 PRLENEN o) ] L, ence

t her eofcd, degr’?e@am%gnré%)?\?gta%g{@gﬁ i%gti on fﬁlgir%%lf%?l%%!nﬁﬁﬁbg%%m&o#} t he
pr esentenkymeént doginozsylepien. s eBhes apmoewditan CafiNAv inay ba adiel dpediyetice of a
cognate,, . L.NAl t.Q. i SSi QR

ot vi G IEhASE ALY he AT EE b KB e RIERREEA T ¢ e
art. Forseextadrphino agidfih vijal @t vse.dhsdditioapgbe REmagdeay CRA. Ba GsHA A

derivative of a.pl.asmd that expresses. | acZ. ge under the conttol of

or oot o7 pe SR 8308 el SR RE ns i PR ol B b S erRTEN of

| ac2 i stiretiBpbialsepkobiing sselwdodlestide aomcodssgn O-FAG. of £PortibCHbvect Bor

eodons, or senss ons (as, a, contr ol%‘gf or tyrosine,, _serine, |eueine,
T

etc. THETHRR 3y » P& 2oT5Ph Si59T.1 18 S799fhln, & 2AUTRRISS OR sfapenck @8 ftan

appr opribat & gEgan KO.:(E-2 3, 0Ph BhgBAkERy WK AR QR4 RAGOML0S QFRONENt S
can be used) along with [asnid_co rising an 0-t RNA of the present
i nvent i copservaivE tRyirEeR theppht o OaR cunbe aodigedbl thefrprlibies &5 (Hrivas a

ol ypeptd : : [ : cgygg het.ase
\Rhe%pe%%(gg%tg’%ﬁn%%?dgg}ﬁ %,?9%?%%(1&1%6&%%@%. me ?]gl\g(%%a eZ?}r ggj gjﬁsi ty, 14
W O 20061g88302:E0RT by pswbiis oadBosleotideghat cnaydeamn@BE@r e horipn thsr@L5. . and

i -aqal i .ne. , i F rTh-
(3 Cal Ak SEARS B RERRYS ApStiREb bRl R b oy o AR sBihRe B8 0 e
as t he fople cERD AYEN0QS 4ag polydmipotfider segnesaaribhieccedsatinie 4ool &qomnpEQDI e

rol h | ue .ob - h [ ived | acZ :
wner o URATReH o F e HaE SR T L E i Ry 66 EE b AR " B56 alR0s1 ) on

rat her thésedgt. a sel ect or codon.

147} An O-RNA of the present invention comprises suppression. activity in the

) presence of & cognate synthetase in response fo a selsctor codon. Suppression sctivity can be
determined by any of a number of assays known in the art. For exalﬁple, a f-galactosidase
reporier assay can be used. A derivative of a plasmid that expresses lacZ gene ﬁnde.r the

~ comirol of promoter is used, e.g., where the Len-25 of the peptide VVLQRRDWEN of lacZ 1s
replaced by a sefector codon, .z, TAG, TGA, AGGA, ste. codons, or sense codons (as a
control) for tyrosive, serine, leucine, etc. The derivatived lacZ plagmid is infroduced into
cells from an appropriate orgamism (e.g,., an organism where the orthogonal components cain
be used) along with plasmid comprising an O-tRNA of the present invention. A. cognate
gynthetase can also be intraduced {(either as a polypeptide or a polynnclectide that encodes

the cognate syntheiase when expressed), The cells are grown in media to a desired density,
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[48] Exanples of O-1RNA's suitable for use in the present invention are
any one of the O-1RNA nolecules disclosed in U S. Patent Applications
10/ 126, 931, 101126,927, and 10/825,867. In the tRNA nolecule, "Ihymne
(T) is replaced with Uracil (T.1). In addition, additional

nodi fications to the bases can be present. The invention also includes
conservatd, L.ations of OtRNA For exanple, con Y riations
of Ot RN&W%‘(}:#@%& t hose nol ecul es that function i E%’Tyl%téégﬁﬁﬁs% and

mai ntain the t RNA L-shaped structure, but do not have the same sequence
(and areg-ofcher OPramiwbtad G ypendt Risagiosidess ey, aSgeritpned c.g.hesiged®i on

367 THEE SR -EPHESiie At AT vt R te PR (R taa: B
or t hoganadentagddMRaeyy fof RiNvSy RARE a5 € cdrfyiB)e conh6l €21 fR vehRBbserved

preferentially anuinoacylates the 0- tRNA with a selected am no acid
(e.g., M Hadlstrrixed Bee Rensheqidyhers feceptiaphhog ASBATHYMILES soBse s ti on
i ncl udi pgraPofnt M LAM § WidchRkodoncl ude a translation system(e.g,, an
invitroor an in vivo translation system. A nucleic acid conprising a

pol ynuchgot i degeneadi 9. anRA! KRG kHesdln éh@;]{%%%ﬁmemra@é Bt QR of

pol yauel eoti de conprises one or nore selector codon recogni'zed by the
O t RNA, tho -BNLomisiensles disclofed am ). DrPatmt dpplicatitnsskd/126831,a108136/887,pmdsent i n

t he cell h r | ati ) . i ejn

onti 11 ol Baflo Sk RRLAMEAR, BhET REA AR wib BB ARG e

of pr odudditingel amodifitdtiogonal the Riddes( Caut BAAYreseat. 9. Theamnv@ufiduNAlso ardudsso a
feature of the present _in tion. ALRNA e.g., an OtRNA roduced by
e et e PR o DRI S erped P Mmoo M O M s o
pr oduciigse afoleilch Gige Milctid RNl 110 C)-trdes ot atainfgn HeaRBMAL T.eRGed sthReRe, Or __
each of a _ pool of tRNA s toﬂ%lllow recognition of_ a sel ectorhieodg_n (e.g.!
an ambet g aeihave e sapedmeand e rhgr Traedd spa A spdecplesk nEe af5g

provi dingseatis #atah bl @FNRAiCALHahd FRNALSS Seqadide 2R ¥ZLAY Secondary
structure of a nenber of the plurality potential O-tRNA to identify

non- canqey cal  BRS oRBsifn! Ll PR CAODIRINA Shl YetHdf %clﬁédazplaﬁﬁ@leadll y .
nmut ati ng the non- canoni cal base pairs (e.g., the non canonical base

pai rs AENGHEY R BEihetead (Pda). vhge thraPrRy prefeppialn pniwaviaiedbe Base

pairs be: L .0 4 r&9i:9197 9 S e QREAYL cpcture. 15
WO 200%?@?858%9%%{?%8%@%& %?0?3%0% lﬁ%ﬁg%zgéﬁggﬁgiq%ossesgmgiﬁan%ﬁ Svement
of one WMRABLE! BHAIBL et nelvile 3 @@sia 8 cEnPrioverent 1 n

f e opading oeD B NAeen rthacinlvid 4 easlaterciystas (¢ gnpriové i
ort hogopal i f.y. . desl. r L: onpa to ting.mpterial,
e.g., ééllha}él %I};?Jiﬁgﬁsli?lfgossét ’ %sggﬁéﬁgg@ W “? o> &r%@%ﬁ‘&.ﬁ?’@&‘“’i %nrsagdéj?r?%ni ty
t owar dspodypegisierod dntiSst, fvb@tinAh¢ polpaticutide conPritENNesr naye bededievwelioped by
art i 15 abe e TR Do e s i b g et o s S p "

the cell or other translation system. See also, the section herein entitled “Orthogonal

Aminoacyl-RNA Synihefases (0-RS).”

[50} Methods of producing an orthogonal i1RNA (O-{RNA), e.g., an O-1RNA, are also
a feature of the present invention. A tRNA, e.g., an O-+RNA, prodnced by the methed is also

a feature of the present invention.

{51] Methods of producing an orthogonal tRNA include mutating the anticodon loop
of each of a pool of tRNA’s to allow recognition of a selector codon (e.g., au amber codon,
an opal codon, a four base codon, efc.), thereby providing a plurality of potential O-tRNA’s;
and analyzing secondary siructure of a member of the phurality potential O-{RNA to identify
non-canonical base pairs in the secondary structure, and optionally routating the non-
canonical base pairs {e.g., the non-canonical base pairs are mutated to canonical base pairs).

The non-canonical base pairs can be located in the stem region of the secondary structure.
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translation or are conponents of translation machinery. Such conponents
include, but are not |limted to, elongation factors. Bacteri al

el ongation factor EP-Tu plays a key role in the elongation step in
protein synthesis. Follow ng am noaoyl ati on of the | ENA by t RNA

synt het ase, EF-Tu binds the am noacylated tRNA and brings it to the A
site of the ribosone; The ester bond between the charged am no acid and
t he t RNAvhsepr@tact ed from spont aneous hydrol ysi s MIESEGS843653bi ndi ng

between RF-Tu and arninoacyl ated tRNA. Stortohevoi et al. investigated
mut ant g i 59'@11( ir in
the T ﬁgt jgtr%%g&%écsg %ﬁépg&\%gﬂseﬁe%pfal r V\I/gl%l%fcoung%ﬁmbe%gﬁ@é%g% arsfll

negat i eprdeteninh nehdgobblop Fotrmgletivd orgdﬁtﬁm sngetadud ﬂ}e skantigd wontgdli of,
pr esungbl weakene nt er act | EP- Tu GIP and
ani nog%y ﬁ]gag%y ?gﬁﬁﬁi‘(sﬁ@%% dl'ﬁjfé’(‘fﬁwmf nﬁ%dm S98SRi viere et al .

descri e 20 { 5:2 the thernmo

contri %g'?l onsség Iy, ﬁlw&cmay iﬁd’é }g%’?ngfA%‘HWgt ?)q?lﬂ‘gn gé@%&q

bi ndi ngioafikie rﬂst]ytmta@uﬁl:wﬁw ar Thghgi Jaeigateshet ahoreliGe GOkt Butians of the
t RNA body_ and the ami no acid are independent of each other_ and that

they cB¥SEHIRERAPGPUBRENE NS IRESAUGA arciinayt FIAR capRoneRs ddtdey P& at ed.
Al'ter ahd1aRSich 9o, eib%gaﬁoﬁtfﬁ'(ﬁ:QQt Bgﬁerpd@tﬂﬁﬁ@iﬁoglfac?df E@'T'f)u 95 jhe BN@

am noacyl ated with the unnatural am no acid rect the efficiency
of t heelbmomgtepfmtmetewﬁm@s t Fredloaving m@mﬁcyﬁafﬁr@nrwtb@s oRA PptiBAKA al

comi oSBERhE BTl And AR BRI KALRG: Eroip A B SR R Ohi ner y

such a¥hdssker bund Hebreer Ximnpheged Muiss enid emd &e tRNhavgrotaat&d cﬁatrsa;bomtmmms

BF Ta, hi.nds di t o, the at e backb h Tl t em of
gast e 5 01 e it bt FBR S PR e AP R stfndty Sl
f 64 1&%%%&5?&%@&‘metahaﬂz/slnﬂa]@.ﬁd;mmtAWT Uﬂgﬁid evoaaiﬁlhyﬂa pal it med'ﬂmml ogy

0 sequences 0 t S an or am noac -t S et ase ef erm ne

pot ent & SEFFITE AR PO FahPves fRRAZ S@%@'ﬂyé’r‘?&eﬂé’\?[ %ﬁf@%‘ff‘?&%&ﬁ, ﬁ&t hat

appear {{}9A Recofilyfin gmgiuoia,ogsreﬁm@a@cﬁel 6 a%ﬁ&&ieﬁ%teﬁ@ﬂiﬂ?ﬂﬁ@&een%@ grans
known in the art and described her can be used for the analysis. In

one exARHIE, and prinoredael BEVeHBlA08 P HAGITAT2 1M | AlsPordivigsshdinent s
for usgedohn ﬂ?r%hsﬁéey 2o 0Q 5@@ .‘3@(})) 1&5- @%@Qﬁh%aﬁfw&dﬁﬁzbﬁtﬁr@% th$ chosen

t hat does not di spl % unusual honol ogy to prokaryotic organisnms. 16 WD

2006106880 2:Pcrk heIR65 Y 8603 ovqr@h?mﬁng@fﬁmwe ERTNA et wficaled thabe
prOd“Cga% cg% %&H&‘éﬁﬂééﬂ&mﬁ&@%ﬁ@&d 01 Wn@gm&&%@é&%oﬂ& %S I's

pr oduc I'gning a plar term ning
consendey cemprreric Br can diaflen shat i}:egbeAlsmtﬂr @ny:cfbf adylaldd. sAltesitingg iatthek east a
POr 1 Ol BSh - Bheer B rh 0 el LSS0 GRS AR IR S v LR AL Gy @

consensusS sequence can be co progra t he
GCG pr ogy affepileatijnienOp vl hnddaliypng ofltgeRFAAD dhepb sitd d}fdihﬁnbOSome Potem‘ial

mutation sites may also be found by analyzing crystal structures of complexes between tRNA

= |

) and other components of translational machinery such as EF-Tu. For example, Nissen et al.
have indicated that EF-Tu.GTP binds directly to the phosphate backbone of the T¥C stem of
yeasi phenylalanyl-transfer RNA (Phe4RNA) (Science 1995 270(5241):1464-1472).

[53]  The methods optionally inchude analyzing the homology of sequences of fRNA’s
 and/or aminoacyl-tRNA synthetases to determine potential candidates for an O-IRNA, O-RS
and/or pairs thereof, that appear to be orthogonal for a specific organism. Computer
programs Iqiown in the art and deseribed herein can be used for the analysis. fn one 'axample,
to choose potential orthogonal translational components for use in a prokaryotic organism, a
synthetase and/or a tRNA is chosen that does not display unusual homology to prokaryotic

- organisms.
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determ ned by the program are changed to the nost frequent base at those
positions, A library is synthesized by techniques known in the art
usi ng the consensus sequence. For exanple, overlap extension of

ol i gonucl eotides in which each site of the tRNA gene can be synthesized
as a doped m xture of 90% the consensus sequence and 10% a m xture of
the oth can be used to provide the |ibra ‘ t he
consensu?%%&%ﬁ@g QO her mxtures can al so be usewT@gg]ﬁgm%%the

consensus sequence and 25% a m xture of the other 3 bases, 80%the
consenfd sequemed G@iBNAGYseR sk e prastuedd thecushsls Sralpgse§or 9BYpIche

consen B9 i, % Sqeth Ginol P O]
Li brari g?ogfgynﬁigﬁtg q{]&ﬁg@&c}gﬁﬁ%}#%%ﬁ@ %%8932\%95@ ugll?(i%%’u{s"seter?f(lJEL%?%lné)‘eénesi S
t echni cuesisknspanericey bl gemrdting Rdibraex el BNy ’s tieg sUbahs BN, sueamt, be

generated by site- specific, mutations, random point tati.ons,..

Honol ol FuRe R BT RAPT R AL Frentreors SoeRae traBhr SNt enes o
met hodgemsfidrMBiolsRmnG 0NS! RKEC IGOTN Bdgr@NYpikefbi Datitey,! hedepahte JdaBibns

Addi tignal ;mutations can be introduced at a specific position(s), e.g.

at a  AOWEERRESHY, dei Free B Sre PRsRew) o 1By Dt HeESHSRT 4t 108 POECET o s), at
a randﬁ&iaf,ﬂg %&ieg%s&mﬁﬁe@m&&mi tﬁ@h&%@m%@ 8fkersts &qfget.r @g: | oop or

region. o an anticodcn |lo acceptor stem D arm or

. op,
| oop, RRIPHD |Oéerla®@men8%@z@%iﬁ;owlﬂoééﬂﬁ n @'ﬂ?ﬁgrﬂﬂiﬂ’b‘é‘i@dﬁ & &g Rpybe

nol ecu - 1 Qg o 0o [ i 136 Jmat base
pai 1o TR EpER AL AR (ABHPR colthRh R [P AU
subj ectibpg? besensgabe veedde lpewvideche dbragopastdtn dre whsaels| squshoea Piest
speci es, I C rd r.of the, ral i f

pot ent ﬁlgfh\i\égf i&l\ﬁggéecl%dé%ﬁéga i ’f@i‘?"él e ng;%’ ﬁg Ihemg E}n%@‘r%\éfgé%u%illar% Itbgth? ﬁg T

conpr i 8 eagesnBifhahe obnstives sqobetrcalaid ROUS a potternt ifahe CleRBIAascst PEL thes

am noacyl at ed by an_aruj noaeyl - S hetase (RS) that is endogenous.
to the” ?qsgs.se?ﬁ? eﬁ%oi%ﬁ@éx%eﬁggf%@?y ’%ct hat are orthogonal to the
cell t he fi.rst. species. .. In certain enbodi nents of the negative
sel ect f‘iféh a S]Jélf’ré%?so ?c%ﬁgﬂ(é&é*g cﬁnnﬁ? o?&a%f%tag?‘%ﬁ“& SBIVR UEFEETPHE ¢t hat
encog eschlrifey&nb¥e is @leegt | Bor mmFE[ jhe@n@ant BINACN Zahe: gémfatedd@][ﬂitex S
antibiotic resistance, e.g., j3-lactamse, an enzyne t confers a

ot ect SFECGRRHICE, SR Y ReS P RE RIODEHORsB0R. SETpaE o

f 3- gal agt0stdasemut nesionERRNHEakieRaitkliconshe tasEn oA Therece. 9., a.

toxi c product, such as barnase, at a non-essential position, etc.

Scr eenjagyf sel egidiQihar athidienyd eRe bOngIdawddng: & hpecifPopubinsi(Oncef, fedls in.
the presence of a se]ection agent &e. g.,.an antibiotic, such as
anpi ci FFICAYSCrvaliye RAsEioRtth SHtRERESCrRHEe RAsiculth it et Pt 1rseFlett 3 on

agent  bsmMadtofdherde%h & 48X MR B refifn FRASHNG, e ACklnkbddn 18hp, SPPTr essor
tRNA's, a selection systemis .
accepior stem, D amm or loop, variable loop, T¥C arm or loop, ofber regions of the fRNA

molecule, or a combination thereof. Mutations may include matched base pairs in the stem

reglon.

57 Typically, an O-iRNA is obtained by subjecting to negative selection a
population of cells of a first species, where the cells comprise a member of the plurality of
potential O-tRNA’s. Ths nepative selection eliminates cells that comprise a member of the
plurality of potential O-tRNA’s that is aminoacylated by an aminoacyl-iRNA synthefase (RS)

- that is endogenous to the cells. This provides a pool of fRNA’s that are orthogonal to the cell |

of the first sp ecies.

[58] In certain embodiments of the negative selection, a selector codon(s} s
infrodnced into polynucleotide that encodes a negative selection marker, . 8., an enzyme that -

confers antibiotic resistance, e.g., B-lactamase, an enzyme that confers a detectable product,
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used that is based on the in vivo suppression of selector codon, e.g.,
nonsense or franmeshift nutations introduced into a pol ynncleotide that
encodes a negative selection marker, e.g., F geene for 13-|actanase
(bla). For exanple, polynuol eotide vari ants, e.g., bla variants, wth,
e.g., TAG ALGA, md TGA, at position a certai n position, are
constructed. Cells, e.g., Dbacteria, are transforned with these

pol ynucl eofypdeRnsdsty t he case of an orthogonal tRNA,  whieh,canapt be
efficiently char ged by endogenous K colt syathetases, anti b| otic

resi st ance, . anpicillin resistance, should be about or less than
that fors& Bbe@éacmdase @Iﬁawapiaﬁnﬁeha%ﬁtﬁnﬁaﬂswﬁa @Z- 3 foxiorEOduRNALGRES not
ort hogo (0] us:..S , he
CRA s gmisis & hof LR DUASAL i ULk BRARARER) Bo flnt BT B2

ani pi ci Ipbpldahonroésaalemaﬁmemseﬁcbef @@@@hment@m, g angibiptic, el ssemigicillin). e
chosenth arne .un wth antibiotic
& £mho 3?@23 oncfe r&?&%’g F h%g’?lr ansfl%n 1%331*?&

concentrl% i ons 4 Ell’h no pI asmids. (60]

I n the of r I r of
the o1 0 vy Sy ibEanh St ik SADHT oF AR RO BOSR o WIEROl HRILET ot
ﬁ. g., Esledsﬂeﬂmqht@ed ®i|1 ithe z‘awmamplamri ©f séectoricﬁdozzs e.lg?tnoﬂsrehtwgcﬂ‘aaiaslﬁ_ﬁ) t he
ost, Escker.,i cl.ua col a the selector codon is
Dot ce aditighenaes e & SohgRlRHs tr L e B e R CaGa T Uae b el |

death. Gehd & papbeniRqsn thagaaazt WRleo@vAianG! &8N 3. s Swishir Vi ve.
161) In%‘gne e?‘godl rrenq 3 pool ba BM%\IA s that are %rthlo onal to a

desi r ed e-gbF s MG ik eang W»saéibaoéi@@fe& cpigRin PPBLOE s cansiredted. ofyslisn e@hi ch a
sel ect or,, gadon J . REAGEH will tﬁrg@%%% b &1 SE S Ble! &E g?%ﬁ%ﬁ'tgx %o%l by a
e e sele

di ng resustahce gene, such amase gene. posi étion
is perf owm@obaomptéelefﬁc@aﬁpphesgad@wnmemé eolf bxliéhcbneso ditiviptionesttarps.i si ng

a nenber, %Llp%( C?u(?e, sﬁo%esab F%ﬁiﬂﬁfﬁ%ﬁﬁ g@ac%”ﬁ%%&%g{%d%ﬁh%' Ve

sel ectio nucr e encoding co griate hese :
pol ynuclpmmnrbleﬁ ﬂ&rt@MmmB&ﬁwgcm tuhef a:bﬂtéro]agm:lmtshﬂhetmlchpabiﬁ cg?rohwgmgn t he -

presenc sel ection en

P er oot odt A cR FroaRRrRts by sFiuthy p RIS reeb e RS Sk siBE iy
cognat e 1'89j§&inbeis&$®béﬂﬂtkdt Celly ser, baddria, am:]nmzaﬁmhre un-dbﬁstp (gﬁﬁ:eoﬂ DB tufirs
sel ector .codap. Typi.call hes eI I an en i.n
suppreséﬁl%?‘f “@'ﬁ]f%’l@g@!ﬁ‘é?fme%j{%é\ Fosc V¥F Wﬁsonal -
f RNA' s, t hat nnot ci e be reco ed b he :
et 480 of s et of ShRRaEe s dfs RsitmaRe PS8 261880
PCTI USZ%ﬁélw%@%tenﬁa ARNAGNR| arfiodbfiNA Sy teRddgend® metg of ffEs@ke@mhﬂa}’coh
recogni zed by t?e zynt het ase of interest are ensitive to, th

ant i bi otehetie Nefoltds DPRRAgORANA¢ e oSt o A e eis P4 ; cadngiasg), the

endogenqeﬁctaoatdon 1€ sbpresFRRCHRI 6 M ﬁahmcﬁzxm&atoa&@%mdxﬂow 16 @ tobeyl
am noacy| ated by the synthetase of interest; and (iii) are functional

in transieahi SRISHIHFRAVS oBergana 8RIS4 of PRRsgtenil (BNE S Viffgency of t he

sel-ection, e. the positive selectio t he negati ve sel ection
J 1611 9" tn one em% g ent, the pool of IRNAs that are orfhogonal to a desired organism

- are then subjected fo a positive selection in which a selector codon is placed in a positive

selection rmarker, e.g.,.encoded by a deug resistance gene, such a B-lactamase gene. The
positive selection is performed on cell comprising a polynucleotide encoding or comprising a
member of the pool of tRNA’s, a polynucleotide encoding a positive selection marker, and a
polynucleotide encoding cognate RS. These polynucleotides are expressed in the cell and the
cell is grown in the presence of a selectibn agent, e.g., ampiciliin. tRNA’s are then selscted
for their ability to be aminoacylated by the coerpressed cognate synthetase and to insert an
amino acid in response to this selector codon. Typically, these cells show an enhancement in
suppression efficiency compared to cells harboring non-functional fRNA’s, or tRNA’s that
canmot efficiently be recognized by the synthetase of intefest. The cell harboring the non-
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or both the positive and negative selection, in the above
descri bed- net hods, optionally may be varied. For exanple, because
barnase is an extrenely toxic protein, the stringency of the negative
sel ection can be controlled by introducing different nunbers of selector
codons into the bamase gone and/or by using an inducible promoter. In
anot her exanple, the concentration of the selectio ng agent
is vari eWO(80¢E80hmicillin). In one aspect, the SF‘FFL?{I’]]SQZE(%E:%?}S vari ed
because the desired activity can be low during early rounds. Thus, |ess
stringﬁnmnﬁﬁleﬁﬂanEQhﬁiﬁwhmtaﬁﬁmﬁnphke@nﬁﬂ¥3amhyyﬁ@@nﬂ$fam&ennﬂe
stringent. cghiﬁrla ar.e of selection. In certain

embodi FEHEY B AHRYAE @Egg%}"e gﬁﬁ‘gﬁlﬂ%% el 3568‘??2? FaiessaY SEPEBAS H9EL ot h

t he negat, ifv@..ARz BRS kiR sselig Gl %&a&m?@mﬁ%p%ts?ﬁh&wetomke@est A -
Miltiple different negative selection markers, poSitive sel ect’i on

mar ker §idre farhombgduendeiaraviydsiiepeios ection markers can be used, In
certain enbodi nents, the positive and negative selection marker can be
the sah®) [63]Theshingenoypédestlegtianeas Bropatvrshiie, Semtavasdepton | the

R S e e L e T

sel ect bo mmﬁr Wor exaripé, bmusteﬂmmasaab enbxtmme&mmkﬁrprcﬁelnhbe Istrmgwcspofsihe ive

o negable ELSE L0 FBIBE, SRRl AR A9 IR o Bl B s
react ate. bhnasnginbemdenbiodive®@pt sn aud}nmebkupztomomfr tﬂ&e aﬁath&et&xmlcglefﬁlect ed by

fl uorescence- actiyated cell sortin CS by | um.nescence.

Cpt 1 on AT He b PICRP e eSSt 1 TREGH e e B AR Rer . See,
Franci $eostrinkend is v@ied Rbause ﬂﬁe%&}ed%@ﬂ%&h% 18R tduring early rounds. Thus,
fluorescente-activatecl, cell sor(fttg of.Escherjchia ¢oli expreSS| ng " a

funct i GHBFURETY YRR CHisRa e apple & SH0RFOURE 2nd PR REINEER SELINER F° Acad
Set U Sofliea R 14:0444nas8ef §cbdlioNddh toa%akmﬁ&t]ﬁe% £ fm%'h@@' YR dREn, Ahe

reconbi nant orthogonal tRNA can be found, tent

appl i caribssclpoiorper by the aggative ardl rosibiys afa%cﬁa% aaﬂ’dzfrfﬁ@f@-ieti lg Fres he -
Pr oducm Eifﬁshf‘x?%%%ls eledithin A0, ?eﬁwé seleFNR n%%ﬂ&g'&tb%ﬁfnepéﬂe%ndand

10/ 126, , entit 3n vivo I ncdorporation of Unnatur m no Acids,
and Usswtlmmn@ma@mﬁ ice &dl usedEhin RANDN RObodiHENE| B¢ CARTRRE veRNET] C .

I al., (2003) 19 WD 2006/ 068802
Pﬁlllggg%’gﬁé%%ﬁ)g& ?lgegrgsragltrc}m ng peptidorninetic synthetases by

transl ?5%3]1”9 geg%%;’)ﬁrp pang‘gﬁcﬁf&%%&f %%sef%e%%’&%@%%ﬁh@? 7, and,

Feng e ecogni tion of syzztfzrtase
by a sudyssndiiandatiopicovipamgs, eEN&SOELtBBKAl@J) O-Bb, 264 %&M%@]RSAP&HRNA 'may

e ROPEN LRt P E5LI SO BMSR tAYoEL RO A ERT
and negative selection markers can inclnde a marker that fluoresces or catalyzes a
Inminescent reaction in the presence of a suitable reactant. In another embodiment, a product
of the marker is detected by fluorescence-activated cell sorting (FACS) or by luminescence.
Opﬂoﬁally, the marker includes an affinity based screening marker. See, Francisco, J. A, et
al., (1993) Production and fluorescence-activated cell sovting of Escherichia coli expressing
a functional antibody fragment on the external surface. Proc Natl Acad Sci1J S A, 90:10444- |

8.

[64] Additional methods for producing a recombinant orthogonal tRNA. can be found,
e, in U8, patent applications 10/126,931, entitled “Methods and Compositions for the
Production of Orthogonal tRINA-Aminoacyl (RNA Synthetase Pairs” and 10/126,127, entitled
“In. vivo Incorporation of Unnatural Amino Acids” and USSN 10/825,867 entifled
“BXPANDING THE EUKARYOTIC GENETIC CODE.” See afso, Forster et al, (2003)
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(66] Am noacyl ati on may be acconplished by aini noacyl tRNA synthetases
or by other enzymatic nolecules, including but not limted to,

ri bozymes. The term "ribozyme" is interchangeable with "catalytic RNA "
Cacl a and coworkers (Cech, 1987, Science, 236:1532- 1539; MCorkle et
at., 1987, Concepts Bi achem 64:221-226) denonstrated the presence of
naturally occurring RNAs that can act as catalysts (ribozynes). However,.

al t hough tHgsesoiadur al RNA catal ysts have only been mhawdokzast on
ri bonucl eic acid substrates for cleavage and splicing, the recent

devel op f.artiticial.e I 0 | yhes;.ha pan _the
repert oﬁ%’%} mz(?:igtp i é{'{s‘}?}éﬁ%“g Séggfﬁ ?%%Jeg %é’ h%%}%gﬁé %ég%zlf icgﬁsés. géé%ﬁgd?gg "Rave _

i denti f PEIAS FRSE 1ol s8edbeant Hixhg eaal,, CHI0A), ErprametBe yeedNAob o s t heir
own (2')3 -termni, (SI|angakekar B i ence 267:643-647),

and an PXROSHSE &%Y*@féﬂmﬂc’?ﬂ agzgﬁgff}ﬁgﬁ’m %%W)ﬁga‘é%fu d firmone RNA |
nol ecul 0 ano r..(Lohse et at 1996, at ur e .381: 442- 444) . 67] U.S.
Pat ent M| i cat‘tlgx gng&JBﬁ ﬁ%ﬁ?'ﬁqaﬁ’%@/ 8@%@5%%1,6 Eh o %anr%BtP%‘% &4 by

~ ref er engRufigELinbuditle S&mobigsitaiRb haesickir eaRshiitShinbhdRZyes and their use
in am noacylation of tRNAs with naturally encoded and non-naturally
encodedjggyi N0 aLhESacyRHES biagte- ado&fglm&hdsd Bedmiesn mivae ésCor™p} ecul es
that can_am noacyl ate tRNAs, .including but not limted to, ribozynes,
may enaBfler @ryipeicangleckien, AR Bitinet Eatteddn. BIozyRes. afherierat barae" s

pr oduct $neEeBRLE Wil castit ARl & S Q&%%@E&%rké?@{@é@ﬁ, BEATRRBeo, 3RP] 321 0SE,
and magnetic beads. The production and use of a substrate-i1mmobilized

f or m of 1$3%ddagioride ¢l BHH/ nberoypia BivhensodPédep) daeprsimtchBaipesenge ahd

Bi ol ogy - 107 LS . ' i I o]y
2003 1025%%%@?’ "mﬁh |Ic]’% %ﬁg}‘? ﬁ%%?’%g ra‘lé'!t %dc{@&%e%gér%nm@?? ds2es, %@‘]&E G
am noacyétatal diArstthlyels hiavec bulgeheeh hiowm do ot of inbphedeit apidt ubsetes for

i ntroduced b cht .and, co ker Hecht, S, . Ace. Ch Res. 1992,
5. | SasSERY AT P ind BABKCEApEER be ol oifion OB 975
Bi ochenmegianfed188 8speddive 0R2&aklystdeioblayios. chebical Alabiame, StBdied have Kdengidiad Y. ;

Ki t ano, 1. . Biol. . Giem 1978, 253, 7). and by Schultz,.. Chanberlin,
Dougher@‘iaﬁjﬁlol%cpﬁfért@m(%ﬁ?té e WW?YIT%%QOPQSDO? @Elﬁu?“_fnz,%z}g.”te@m}xngew.
Chem | plilandaBlekafenglal., 199 Sciedd, 266243-6ROD LI HOBTA Snolbsule WhibirBidh trdnsfe
Schultz, P. 1. Am _Chem_ Soc. 1991, 113, 2722: Noran :

.G C_ I,

Ant hony 2caRinp eeid Gom one RV wplegte topgnofger: (Lefish i &7 1996, Narr 335452 669068802
PC-1U92005f 043@3 _G Sci ence 198% 244, 182 Bain,_ J. D.; Gabe, C. G
Dix, T. R, CnadhbePrip, ApelicptionyPubjigation GY830228385. whigh is neerportersby Bai n,
J. D -atef@knceMai BsdiRRe m%iﬂ@d@log g:'%ns@%!:tlﬁ?g%&e% dnd Meir uE&‘%ﬁ%‘inoac;%’éﬂoﬁ‘of

Dougherty, D. A Chem Biol. , urcatti, at_al. J. Biol.
Chem 19%161*%8, 2ith natugdig] snc@sarnd Mooty atncggsde fedne pogs, Jgpiralesg;
Saks, My Boitbeddheme) g& afic BETh1ed HAP a?%ﬂo  GAALORS KA bk noft At
J. Alm gl’%\ -eSoc. 10593 ,ﬂlzfi, 34) ,6 to %a\l}m taﬁ%l use ‘659 5o
iimited to, ribozymes, may sneble efficient affinity purification of the aminoacylated
) products. Bxamples of suitable substrates inchude agarose, sepharose, and magnetic beads,
" The production and use of a substrate-immebilized form of ribozyme for aminoacylation is
described in Chemistry and Biology 2003, 10:1077-1084 and U.S. Patent Application

Publication 2003/0228593, which is incorporated by reference herein,

[63] Chenzical aminoacylation ruethods incinde, but are not limited to; those
introduced by Hecht and coworkers (Heeht, S, M, Acc. Chem. Res. 1992, 25, 545; Heckler,
T. G.; Roesser, J. R.; Xu, C.; Chang, P,; Hecht, S. M. Biochemistry 1988, 27, 7254; Hecht, S.
M.; Alford, B. L.; Kuroda, Y.; Kitano, 8, J. Biol. Chem. 1978, 253, 4517) and by Schultz,
Chamberlin, Dougherly and others (Cornish, V. W.; Mendsl, D.; Schultz, P. G. Angew.
Chem. Int, Bd. E_ngl. 19935, 34, 621; Robertson, S. A, EBllman, J. A, Schuliz, P. G. J. Am.
Chem. Soc. 1991, 113, 2722; Noren, C. J; Anthony-CahiH, S. L; Gniffith, M. C.; Schuliz, P.
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synt hetases in am noacyl ati on. Such net hods or other chem cal

am noacyl ati on nethods may be used to am noacyl ate t RNA nol ecul es. [69]
Bi osynt heti ¢ nethods that enploy chem cally nodified anrinoacyl -t RNAs
have been used to incorporate several biophysical probes into proteins
synt hesi zed in vitro See the foll ow ng publications and references

cited wt r . New Phot ol abeling and «cro i net hods,
Amu. Rev @0%?1“%5% bo: 483 514 (1993): and, Kri eg, ng "V@W @?35

Hohnson, A. E. Photocrosslinldng of the signal sequence of nascent
pr epr ol @cidiancofl 5% e445482; Rail, GdB; tHxbepOl Gpapt,iTed. pfhantterim gnBl I Am.

1701 Gt By s T B ot Rans i P ARGl e 9% b

site-spgcht D@ﬁéﬂeﬁy, an&(IL‘iﬁﬁf Ry digont Q) 790; ormams et m Y iBis10Ckyy. tihes, addi ti on
of cheni cal I}}élij’ m noacyl at ed suppressor pr oéel n synt hesj s
f

react i oS brgeknifed’- \ﬁﬂlhs‘fém’@%ﬂ@9§>0°1§§4af}3ﬁt PRFS éﬂd@s‘?tlﬂ]e Bifpehenigigense

nut ati ojyy, Ysidag Hohese @pareassh&% Cﬁé]:ﬁ g&n 1@9@81@1&}&36»:@36&@% us@fof‘ he
comon tvventy am no aCI ds with cl ose structural agyglues

f I uor opyefginses aniamdnceoylatiophehigh abedhidaer ofer n@e@parlamneo &temr@pih@de or a

partic ren, C.Y., Anthony-Cahill,

Giffi wﬂg%&%§%g%qq‘f¥%g§%£§%w§%ner al met hod for site-speci fi c

I ncorp I on I NS !

182- 183r6 1989) 2 ‘i\%&}%%‘fﬁrﬂé@ 3{@?"'}’ %ﬁ%%%@? %@%ﬁ%é@’%ﬁ’%@g&gﬁgs h al n,

J.D., @c&based@o quorgﬁ'rate; sekeral bloﬂt]amhiqrrb&ea into Ard®ins BinthlesizedBn Sitro. See

Bi osynt he Site- |f|cI or ian.of.a no tura .no acid

Pneo) a Bociisis FRaBathe w fRRRRoIRY it e g Aoy HaBs PP el ca at

at FASE&Sﬂnkz}igSm&loeﬁJ-Amﬁul99921005& RE83-51A(199ME astE [Kriek. U.CAWARAY-, Cahi | |,
S., ooSchultz, P.G Blosnhetlc thodfor ro C|ng o

unnat ur]gfﬂmé?ﬁﬂ ﬁ‘oﬂaﬁoa%cfef%@?@rfé’é’f@rﬁle FORUFTIEE @ ?‘HF’&H’]%‘”")%{ d4e

" Buz.., M@ N hg3
Sehui { 2 G IEbp R %fgéfﬁ&%%oggfgﬁeé’%?@%ﬁﬁ%mdg é%?‘ﬁf?‘ﬁ‘ Code,

Annu Regﬁ §§19§@nys Bi eznol ShI ict. 24,435-62 (1995). [71] For exanple,
a suppriggsor ! BN, RLARALS wﬂ%a’crﬁ)ﬁﬁﬁgﬁf #5fo aémno%h%e g%eaﬁc G and

was chemcally am no cy ate an unnat ura Convent i onal
site- dmtemretdd a3ty ag‘émesmsvmva@y teediditon| oftchendigelyy vhisosyad coptosssaFAG,. at

the o1 gagl, HLSERS il MrcBd hYQR000IPSRR02 PCILLESZ00A0430

pr ot ei n" gene. “See,, fern,
Exonuc| eassse mu.tatzpﬂnoé‘._rah@rtbesla|apiatmhedga>sedamhubgmmci eotibed of mercemmd

L 20eT . ML ol 55 gl 8802, (1°RctSh e ch' oted
t ranscrpmhylemmms,ammgatrmm asabEmfot Dpartiinataind aadli 96z a0 MR, C.}.,
I ncor pof&t%hony»éa%ﬂi Griffith, M.C., Schultz, ®.G. A gemeral method for site-specific
incorporation of unnatural amino acids into proteins, Science, 244: 182-188 (1989); M.W.
Nowak, et al., Sm 268:439-42 (1995); Bain, J.D., Glabe, C.G., Dix, T.A., Chamberlin,
AR, Diala, B.S. Biosynihetic site-specific Incorporation of a non-natural amine acid into a
polypeptide, J. Am Chem Soc, 111:8013-8014 (1989); N. Budisa et .al., FASER 7. 13:41-51
(1999); Ellmau, J.A., Mendel, D., Authony-Cahill, S,, Noren, CJ,, Schuitz, P.G. Biosynthetic
method for introducing wnnatural amino acids site-specifically into proteins, Methods in
EBuz., vol. 202, 301-336 (1992); and, Mendel, D, Conﬁsh, V.W. & Schulte, P.G. Site-

Directed Muiagenesis with an Expanded Genetic Code, At Rev Biophys, Biomo! Struct.
24, 435-62 (1995).
171} For example, a suppressor tRNA was prepared that recognized the stop codon

UAG and was chemically aminocacylated with an uwnnatural aming acid. Conventicnal site-

directed mutagenesis was used to introduce the stop codon TAG, at the site of inferest m the
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response to the UAG codon which gave a protein containing that am no
acid at the specified position. Experinents using [30J-Phe and
experinents with cu-hydroxy acids denonstrated that only the desired
amno acid is incorporated at the position specified by the tl AG eodon
and that this amno acid is not incorporated at any other site.in the
protein, See, e.g., Noren, at al, supra; Kobayashi at alL, (2003) -Nature
St ruct ur aly, Bt 10(6):425-432; and, Ellman, 7.A 19 ,

Schni t z, B?%ﬂggﬁt%eﬁ-zspeci fic incorporation of novel bggt//%g%gﬂ%%éraactur es -
into proteins, Science. 255(5041):197-200 (1992). [72% Met hods for

gener at iprigeis ageag-ytSee- REA Sroirs.i hiol Spbmifbn B akidkalging dpa-at Exqrookesenfin

domi . o . - ‘ ! he
oo SRS e ST MR SO G |
sel ect i 1302 @8R Fha thé athasbsuppibozyikings andefih intvkant pgpedessd coadbined in an

arni noacyl ation activity. [73] R b mes.can conprise notifs and/.or
"ot one B AR PRPRM e ER S0 T S Sl SR Bng a
U-rich reghesic fiolaxenphehidhtgataspibRencohepong e dnfiad adif & tedspeedgions
can facilitate recogniti,on_of Pgir}l auto acid supstrate, and a GAJ mpt i f

can for PPHEYE PRSTFENHITRE ?ﬁé‘ a‘ideﬁ?ﬁﬁ‘?le%? W P@&OW&% FBRAREFSR, the
GaU and ﬂm%mg R sitbd dnfiflo E&9iQRcorfdbd kiRl gosﬁio%bé@%‘ﬁqg%é ePfdohon of
, theréby fa

both the am ho acid and tRNA simultaneously, and | cilitate
ai ni noa@yd ted this aofing 4eid ot enpmeisd grany hier AYAR teaitinRiSho 2gne®rean be

ener at by, I j : y ] : | b, f 1 Zi
Gon; ugatsa M R B T B e
consensuJsA., Meunieh ieSchuitm &, G. ifie-heecific tiopepacbibmed novah beckbong! sengiyzds bary me

obt ai ned_by. t hi ISy gt "Fx3 ribozyme" and is described in
u. Sj Puﬁn%%ﬁj%g@f&%gég%? ¢ contents of which is incorporated

by ‘ref ergfice h W n ik e l,yst for t t hesi.s of
vari ous (h noncyr bt fE ks e R S RS hon il MBSO s

[ 45] | mubbiizeadtibeeynerscquescsparfteingdireded exeddiot @ndhapdads, efrbeningetit

af fini t% E}Erf fi catljdgn . Of Lhe at i.noaeél a%etg t RNAS. Exg | es..of suitable
subst r a8 TR FEHE0™ BT RPEa B AP 180 TS & garass © i%ﬁeapgg@?mand
magnet i exlieidg desRebaziyorsladanackdeity. mobi | i zed on resins by taking .
advant age of the chem cal structure of RNA, such as the 3'-cis-diol on
the ribgsyg of RiBogairs che conghic zedivdtilor pegidre dbd: eadiitaiyiseylaidnhetivity, :
correspondi ng dj deg%/de to faciljtate immPi lLi.zation Zégvg) 2806§ 068502
PCT/ t J SZ8857°0% 56053 708f 2R BEOENEST REPR: Y 38 199p&d B# Y&&ins can
be us tepl x'bgi&llsllfdﬁ ﬂ?i%itsﬂ@étm&io%@fazh%ﬂ?@&éiﬁi@?fﬁﬁﬁb,%dﬂm md' ! Er%&_&%ﬁ ¥&e
am nat i on, makes the interaction_between resin and, ri.bozyme an

i rr ever 7B With fhpd fenmgghe EFe@‘ig's Iy gombiRARER Y Gﬁ%@@ e aﬁg Ustigmegicgant |y

f ﬁc :VLIt th %%ﬁﬂ%tg%)‘sgﬁhiaﬁaoﬂﬁ 16RLMAM 3f HNERLYhAD I 018 FRCRNAHEmItKRUFDH £hi S -et
2 C‘)chesreby facilitate aminoacylation of the 3' texminus of the tRNA.

) [74] Riboiymes' can be generated by in vifro selection using a partially randomized
24mim conjugated with tRNAccog, followed by systematic engineering of a consensus
sequence found in the active clones. An exemplary vibozyme obtained by this method is
termed “Fx3 tibozyme” and is described in U.S. Pub. App. Nt_ﬁ. 2003/0228593, the contents
of which is incorporated by reference herein, acts as a versatile catalyst for the synthesis of

various amincacyl-iRINAs charged with cognate non-natuwal amino acids.

75 Immobilization on a substrate majzbe used to enzble efficient affinity purification
of the aminoacylated tRINAs. Examples of suitable substrates inclhude, but are not limited to,
agarése, sepharose, and magnetic beads, Ribozymes can be immobilized on resins by taking
advantage of the chemical structure of RNA, such as the 3'-cig-diol on the ribose of _RNA can
be oxidized with periédate to vield the corresponding dialdehyde to facilitate immobilization
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36: 239-4 describe a col um-based asni noacyl ati on system [76] Isolation
of the am noacyl ated tRNAs can be acconplished in a variety of ways,

One suitable method is to elute the am noacylated tRNAs froma col um
with a buffer such as a sodium acetate solution with 10 m vi EDTA a
buffer containing 50 MM N- ( 2-

hydr oxyet hyl ) pi perazi ne-N - ( 3- propanesul fonic acid), 115 rnM KCl, pH
7.0, 10 nﬁ%%%ﬁ%%sg%r sinmply an EDTA buffered water (pFHFU20Y4390%7] The
arni noacyl ated tRNAs can be added to translation reactions in order to

i ncor popati® KRR aMiNorRael d kbl WhiChr fdms (BNNA Was jamdmgaskkahadk i n a
position of choice in a polypeptide made by the translation reaction.
Exanpl eBydstzideranay dicrdmresyeie ruiieRommiplen therateretinnietigpn Seaerint RlAke may be
used 1 nabidfe Bl RO liddd [Snb0s G0l hnhSal 8RBl L VaASRmpr OV de
reaction conmponents necessary for in vitro translation of a polypeptide
f r om anfacrigaied binfRNAou-tatanp kesoadylatioe hechelget | Fovowitiio alealt Blefhndd 2008; but

are not,LitAted to ribosomal roteins, rRNA amno acids, tENAs, GIP,
ATP, tr%éigﬁé%ﬁ%sﬁn}ferﬁcto U 1%%%%@%{‘1’3’8%% actors and additional
factors soci gt ed. wi transl ati Addi tional ly. . translation systens
my be [BEe on cr st s Soad B AR g SR Aoty SRkDEn

t rans| aDine BuidyRireEodae FDEING thd £aiebicoiatcg RPN EBLS: dolind GitRgheraangar t nent
whi l e conpartpentalized translatjon Sést ens _separate.the transl ation

reacti off éofRFBieRtLals slvfien aEty oh PHoBUEs at hater Conteingte BP tiihd-(2-
transl ahj;@@xﬁﬁ@g §RENe-NSYCRofLANEbAS bAD), $¥5 m(:q,ﬁﬁ avaid Al BDTA,

)

commercially. Furt her,” a coupled transcriptio ransl ati on system
may be os¥@PlyesEpiTaduliredgtarigd 78h/ t ransl ation systens all ow for both
transcription-of an input DNA into a corresponding nnRNA, which is in

ttun trBif$ at edThsy anineaqvisdesk (RO eavpon edried . to Arnglstiappteections i order to L

COMTEr Cj i & QL ri.pti Wol oo pid
S anel o Enpliaifl Wit R QBRI ARSEI IR AR HBR2 LA Blkoh Se B HEP
cont ai nkfiglyEeptidotiadd ysthe dafsatiop resvliiadi Byamplesaod dleaddtion aysteoniporbedtittee such

as ribo ] ' [ LG : rase
'S | no SEg R PR Pl AL 2t S BRI el ol ook BilEP

t enpl at grofigle ressBon dompbnarsicatsson for BT Giro dnnsldien of apalypsptidt &b zatnpoh of

t he react] ompenent s .b of a nmenbrane interpose et yween

oact o PERRRR sBetp Yool muedE R AR Bl B SRR 2P AF HBSRR,

t ranscr ptdianNfANAansliad ]icﬂﬂ:, ﬂmmlﬁfmﬁﬁﬁ, t‘%&slﬂﬁﬁﬂﬂ&ﬂ%&&&@ﬂ}?gation éacgn‘s )
PCTI US205r 043603 . [ 79] Am nqacyl atiop of tRNA performe ot her
Font o S A e B pRon S ab G kaeTg sy Heohe

cat al yt bgcianiahdQein®Sor dBiphitmErtiiGhE QRadatn0 FRicAStrandBRordt Resterhd K@nbine

Ot hogonal | Am noacyl -t RNA Synt het ases g,O RS) . )
reaction componénts in a singlé compartment while cormipartmentalized franslafion systems

separate the translation reaction components from teaction produocts that can imlibit the

translation efficiency, Such translation systems are aveilable commercially.

[78] Burther, a coupled transcriptionftransiation system may be used, Coupled
transctiption/iranslation systerns allow for both transcription of an inpuf DNA into a
corresponding mRNA, which is in tumn translated by the reaction components, An example of
a commercially available coupled transcription/translation is the Rapid Translation System
(RTS8, Roche Ine.). The system includes 2 mixture containing E. coli Lysale for providing
transiational componenis such as ribosomes and translation factors. Additionally;, an RNA
polymerase is included for the franseription of the input DNA into au mRNA template for nse
in trapslation. RTS can use comparimentalization of the reaction components by way of a
membrane intezposed between reaction compartments, ncluding a supply/waste compartment

and a franseription/translation compartment.
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1801 An O RS of the present invention preferentially am noacyl ates an
OtRNAwWth a selected amno acid in vitro or in vivo. An ORS of the
present invention can be provided to the translation system(e.g., in
vitro translation conponents, or a cell) by a pol ypeptido that includes
an O-RS and/or by a polynucleotide that encodes an O RS or a portion
thereoff. For exanple, an ORS, or a portion thereof, is encoded by a
pol ynucl eoti de sequence as set forth in SEQID NO: 4 or a

conpl enent¥r2pigietsfhucl eot i de sequence thereof, or a EOHEWPLA{HINNE
variation thereof. An ORS of the present invention nmay aani noacyl ate a

nunber diff : el | Al AR ,

t hose dl?fsgél 0s eﬁ%?%ﬁygl%imﬁgﬁﬁgﬁ ijfe %)t?&}égcejdr%{}lg ?{IP?’{ eglﬁsgtrzlné})drﬂéog%n&g?

am noac JinttRNA teysfiriret, gobyue@sRSyatalgigantivodies, @uRBlinfiamalugetest ndahe

O t RNA, 1i8e G-, an OtRNA, are also a feature of the present invention.
For exarrp(f'e a nethod includes subjecting to positive selection a

popul ation of cells of a first species, where the cells each conprise:
1) a nenber of a (phopedal A GaeiiblateRNARSY at het ases (RSs), where
the pluig@lity ofin 838 cihpreset inuindot piBsntiilSsanderyivedaf CdRNA wifiesi es
other than the . first.species or %(I%t(gRgut ?k?t RSs, .and,, RSs ([jberi ved from a
speci es SBEHRE YRR W9 Pt VB Be AP RS B Mo REesEH RGN CRRIP G {1 RNA)
from a gpepAdaisRaghes:(o.c2nvig) tanddby Bueherhide 28} bR eogpeptide pasi tive

sel ection rker and copprises at | east one selector eodon. Cells are
sel ect edeBEeSE ﬁﬂ@&ﬁﬁ@@@%@e EHGHARS BhHAcmerigersdfp fiogssi on

ef fi ci eaenpiRRaLRE, drQ efioh ShdRe 818Gk BY 4 fbkubesiie AR UR ketQh it e
menber of “the plurality of RSs. Cells having an enhancenent in .

suppr es & BFQAPIIE; éry2 EEmrTSErapel s e RIWRALCERT, S ACPPENESe he
gSS RNA. yA1hi8Y $herfr. aMBOAGRA 3F HRNmbdel WivbiinOhat BrMo¥Qatd¥ mibR: a¢ti ve

of a first set of tRNA's fromthe first species is conpared to the
| evel oflifferent BIBBIW raslewves(ingluding bus neflivhitedvio,wedse Byyclessd hereini ve RS of a
second set of tRNA's fromthe second species. The |level of
am noacydlat i on Mathobeloodewiiying el oo zendl enaweabieNS spdbancdO-RY. g8, a
| abel ed, am i : %@4 ' gl YL re
ef fici eﬁ? {%ﬁg’a%%n%ggﬁlﬁg%? e s%%}o% ng‘\;ﬁ%’f ar%%%&?ﬁgtféé%ﬁrr%gf éﬂd‘b S“S‘%‘Ee
first satvenfont RMA egamsic sehaipriadsiudes velrjelipg v peditiicrsglettive optrdubgion alf

am noacyl.-t nt het ase for, use with the. O . n R . Q. an.
O R % Yl 1 P e st o0 M otmBissy LR i ot B or 27
i nventi @ﬁﬁxoﬁe%;bW%&@ﬁb&%Bﬂ?S_sﬁCﬁfﬂeh{B%%hmﬁ_6}93{89 [ﬁﬂtmmmﬁ Rﬁspmbgr of
assays can use t.o term_ne., am noac al | on. es ssays, can e
Ty e ST e Gee: T S g b aa f Pab oy 1Y B e Aot et o
assays g@cRs 68SCthD@E fikdspeBicd l;j) tHe logth@ibna RRINAOIRNA) ord ) secdfBHcidpt hods

Bnzv arol, 113:55-59 and in S. Patent Application Publication No.
2003/ 02285Y3 PolEpuelaEsa Bet Bredean Patilt wlectigonakes HE8 oBYriNs ehipsy or8por t er

al ong Wigibe@r {daegonddst hARSERd 0N GONBPIENSsA e HRLE IeRhncement in

) suppression sfficiency compared to cells lacking or with a reduced amount of the member of

the plurality of RSs. Cells having an ephancement in suppression efficiency comprise an
active RS that aminoacylates the O-tRNA, A level of amincacylation (in vitro or in vive) by
the active RS of a first set of fRINA’s from the first species is compared fo the level of
aminoacylation {in vitro or In vivo) by the active RS of a second set of fRNA’s from the -
second species. The level of aminoacylation can be defermined by a detectable substance
(e.g., & labeled amino acid or tnnatural amino acid). The active RS that more éfﬁcienﬂy '
aminoacylates the second set of RNA's compared to the first set of (RNA’s is selected,
thereby providing the orthogonal aminoacy-IRINA synthetasé for use with the O-{RNA. An
O-RS, e.g., an O-RS, identificd by the method is also.a feature of the present invention.
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the reporter in a cell expressing a polynucleotide conprising at |east
one sel ector codon that encodes a protein. See also, U S. patent
application 10/126,927, entitled "IN VIVO | NCORPORATI ON OF UNNATURAL
AM NO ACI BS; " and, USSN 10/ 525,867 entitled "EXPANDI NG THE EU CARYOTI C
GENETI C CODE." [83) An identified O-RS can be further manipul ated to
alter the ubs}Prate specificity of the synthetase sg that onl

desired u‘ﬁ &% %ami no acid, but not any of the corffdi’s3y ”G‘ﬁﬁ‘%no aci ds,
are charged to the OtRNA. Methods to generate an orthogonal ani noacyl

t RNA syptihet as@sy W tahhudibSH B8 bdsadfserat PRGIsEd & Elé‘teﬁ*r@ﬂie afinbidpRtis. arhasi no
aci d include rrutatl ng the syzrthetase, e.g the active site in the
synt het %¥&s o PerisEoReRd ip YRR AROs m E?rt@éaﬁnﬂlet ‘ﬁé’ltf%%%lﬁ%b’%@ aSERYS

di ffereﬁé dssba@ea 1Q,Ye§0ﬁ96éﬂ' B9 6 BEerEntose Ng%g&%ﬁ@ elASes,mqan the

li ke, and applying a selection rocess. I's used that is
based adfSt Retesiontypiation r?ub?ﬁﬂaamp tilo%m%?é%ct pondeeyldtivhednbgsa biegat i ve

sel ect '&%Féaminﬁd Wﬁmﬁiiké oS zﬁﬁ?ﬂ prito ?g%?@%aﬁﬁaziogggﬁ{m&eﬂﬁ and g&@&ﬁl@r codon

i ntroduce a’ no OSI i ve mar ker aFl
cells, thorepeitr v ueelumssm@spbmle&a&@mmﬁmimagme&snmﬂe sdlemtothedopﬁhﬁence of

both natural and unn no, aci sur t hus. engcad tive
synt het HE¥Es ehBPiThg eﬁe‘%ﬁ}’ tﬁg]g(?ﬁtﬁiﬂ @P%ﬁ?t@élsx(#/i/%%@ewqeﬁ gﬁt ﬁg\%

nat ur al NgORPURTION CRMNICABORAL AMIUOACESAt inde USSNew)i29/367 SMRREESSI oN
of a selector codon introduced at a non-essentiai p05|t| on(s) of a

negat i vEATANENG BRBTEEARS P FESeY Cir PREnat ural  amino acid -
specificities. Survivors of the negative and positive selection encode

synt heti@des t hag iderue WiSHee b SntFyeynipeebipriedbnabsaippredduiot RNA
with updatieake @(mapmag 0850 %naﬂﬂ?%zﬁnﬁ%&db gﬁﬁﬁﬁan;c 8Pk 6BmBE 20

subj ected to further agenesi s, ) shuffli'ng or other o
r ecur siAmElgratidy errediazedve Nedo- tRW] MF o ffcbgwtﬁbﬁn paiicgatal @rRogcd an be

gener at r Fot
xanp! & SRR WSRO RETE Ay o 35 L AP RO M i B O
random tb@ﬁmhstam &tg.ahde do’@ml’@godﬁ gyethetaty, nathe edfindiectshishfsite rgther ot her
recursiye t agenes str nhi,nat i on
t her eof%’DL Sroe g“%ﬁp g si qu %%gjr” %%! P%%f Olf% tﬁ‘%‘sé prgg’%éﬁg FFom two
or nor eapplyh'%ra se!ﬁc’cgn:x,prml Léesuatelg@mlserﬂihms Baed smiha bmbﬁimfmoﬁsf pﬁtuvaser iC
Iibrarie of S a al so incl ded he | ventlon

20061 06SBET FORPURL G SIS SEOFAEGul I 6 P S RAEh PISPEFTESOb e Fa
synt het@ke®r tdcomimaiiied st @mgARESAR] (6sitfhn(s) Hf ¢RI GANMKEBAIBWE Rel@Sto

eubacteria or archaebacteria) such as |libraries_that conprjse naturél
di ver si TG Bgler gogive *ifi% CGHLOTPRIEEHEC: l\@‘ thg Brepgnasaol Yoih apbt f“é‘i ugfjairg) g

Pat ent Mano 5@13556111%%1511%1 sehat hanBeramiavt Birgmb 1% ofidenl sNreskr 783, 431
to Pet ersen et al; S. bIJ:>atent No., 5, 824,485 g]%lo Thonpson e{t}@al UuS

" Patent ROA wﬂggéwewﬁ%l agpsingt anypy acidy ko e peesivg i eppeIEPland

a selector codon infroduced at a non-essential position(s) of a negative maker removes
gynthetases with natural amino acid specificities. Swrvivers of the negative and positive
selection encode synthetases that aminoacylate (chargs) the orthogeonal suppressor tRNA with
unnatural aming acids only. These synthetases can then be subjected to firther mutagenesis,

e.8., DNA shuffling or other recursive mutagenesis methods.

[84] The library of mutant O-RSs can be generated using various mmtagenesis
techniques known in the ari. For example, the mutant RSs can be generated by site-specific
mutations, random point mutations, homologous recombination, DNA shuffling or other
recursive mutagenesis methods, chimerc construction or any combinetion thereof For
example, a Horary of mutant RSs can be produced from two or more other, e.g., smaller, less

diverse “sub-libraries.” Chimeric ibravies of RSs are also included in the nvention. It
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screened for orthogonal pairs. 1851 Once the synthetases are subject to
the positive and negative sel ection/screening strategy, these

synt hetases can then be subjected to further nutagenesis. For exanple, a
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 nutagenesis,
site-specific nutagenesis, reconbination or any conbination thereof)
can be gegghadsReksiy om the nucleic acid; and, these |Mfgg,gd§§j‘3 St eps or
a conbi nation of these steps can be repeat ed until a nutate 6 i
obtained that preferentially am noacyl ates the OARNA with the unnat ur al
anmi no abbeld ba noind Hwpeibraies ath&Njpr exdtassnviem ivenoust begagitepsiegre
e { O B RL 6. i TBSaeBiBor ool SRTL) 40 ol 1B S O3S 0!

| evel s 0 s ectr on/'screeni ng FriRgency can used e

net hods:lim‘rsittyt(eeepegsém Hatm’eﬁbl @?.138 g&arto ;ﬁhodmtaln@ @-Haﬁhmqo@,m 3lertopai rs

t her eof t ngen ri ofy.one or
bot n StSBEBrerge’ o lRbETEn Nl atea BHECSHREE Y FES Al el e o
var yi ngotihempdta e hl; OfS. Pelaald. oryss er;zeemmt aagenatre bigdnailP cord®@tsd RkC.

Addi t i onal round of posltlve and/ or negative selections can also be

per f or MEEFFe dd FWg' BFSscreeni ng can al so conprise one or m)re

positive_or negative selection screeni ng that i.ncl udes, e.
change ¥ ani nB2ggi asw@%etﬁéamrtﬁ%weiéﬁaw&ae.aﬁ LRSS aﬁt%ﬂrﬂsvémna ency,

a changgui.py hABShahdrRBbanl el b bibiedddCio ﬁ%ﬁér%thé’meééqef GNEcaBlp1dTar €
change |s ased -Upon a nutation In _one or nore giene 'n"an organi smin

whi ch azrclsiet ety B pncedesnNie ORRE cas attviaiels & sshpF polynuglsetides shejrepenice

prot ei t 0

i nvent %ntg ?%rb %eg1 g, %pg’ﬁ%&f‘@ﬁ Zggﬁl\ﬁ%s’ %ﬁad@%l?g%%gsbﬁcgﬁb@@posi tive
sek ect iamy cmabﬂn@tond:h&zed:ibcaarw mﬁeraed/ﬁnmehwmmieic avil; ends ltege imdokidvd] sigps but

not limted t,Q pr.oduct hat rovi utr sup for
o owt b Brfacaraeap B AR 55" St B S T Rt BT e
nutrit |pmewem$alﬂgmhmmqﬂates tEe@rtBNessvm{ thpohmnua:tl wmtd s Ilvat a@n@t@dé:te
positive sel.ect t.,are not

kers ipclu ed t e, g.
r epor t FeSGEHEveH h 8185‘ p%%ﬁg?rgoﬁgﬁ&nh]élpfq{gﬂegfﬁ io? fé“’@?‘d“?"a@}%t r ophy of a
cell, hi s3 ! ere th hi s3 gene encode i mdaz
gl ycer o@ﬂphosp%ga‘é‘ %”Zhlg‘d’ Jsa P Sgicctio ‘tr‘ée@t%gdglﬁ'?geﬁ%\?ﬁldl ge Ao Bt azol e
(3- AT) )metbéR {80 Qreskif UBveBRE , fod y@amg@gﬂe) tRh@QZOg@ﬂ & paaﬁ M2 0060{:668802
PCTI CS2005/ 043603 _adh gene, etc. See, | K.ishore, & D. M
Shah, (SEBOEOR OT AFFPFRN ST eNs 583 bR Fraistl oo onfhtrtw %% e pesitiol &p Br9dICeAnNUAl
Revi ew of Oﬁsocﬁﬁﬂ‘c%&lwu&?d&@g @é?ﬁ & by &ﬁ&n@&?&%ﬁ@ﬁcreem‘n%\%n@ﬁﬁgﬁm Ion
is detected by ortho-nitrophényl -0 D gal act opyranosi d
hydr ol yised sto. Séalditiong rounys O@OSSeipeb@/pt Bigpiive selgoiions gan e@v éﬁPBTfOI(ﬂEd)OO)
Uses ofghiag EP S&EH?% 96N8ed Hﬂz\%{s 'bgt _ Vﬁ&‘é%‘sﬂ@e Qf o HiRe %ét'e@c&:hoal dase

e twWo- hybor i

assays enpl o yeas syst'em AnalyYical
screening that includes, e.g., a change in amino acid penmeability, a change in translation

—%

a

) efficiency, a changes in transiational fidelity, ete. Typleally, the one or more change is baged
upon a mutation in one or more gene in an organism in which an orthogonal tRNA-RNA

synthetase pair is used to produce protein.

- 1871 Other types of selections can be used in the present invention for, e.g., O-RS, O-
tRNA, and O-tRNA/O-RS pair. The positive selection marker can be any of a variety of
molecules includin'g, but not limited to, a product that provides a nufritional supplemertt for
growth and the selection is performed on a medium that lacks the nuiritional supplement.
Bxamples of polymucleotides that encode positive selection markers include, but are not
Limited to, e.g., & reporier gene based on complementing the amino acid auxotrophy of a cell,
a his3 gene {e.g., where the his3 gene encodes an .imidazole glycerol phosphate dehydratase,

detected by providing J-aminotriazole (3-AT)), ura3 gene, leu2 gene, lys2 gene, lacZ gene,
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" el enent

Bi ochem stry 285:1-15. Additional positive selection nmarkers include,
e.g" lueiferase, green fluorescent protein (OPP), YFP, EGFP, RFP, the
product of an antibiotic resistant gene (e.g., chloranpheni eol
acetyltransferase (CAT)), a transcriptional nodul ator protein (e,g.
GAL4), etc. Optionally, a polynueleotide that encodes a positive

sel ection_marker conprises a. selector codon. [881 A pol ynucl eotide
that encodBeA®¥%Bositive sel ection marker can be OHEFE§W§WW”@3 | i nked
to a response el enent. An additional polynucleotide that encodes a

t r anscraidptges) ke, W04l dg@tt or MRNQERE) & PRivi.NDIR| abes, WhaRssid Blokgidiom t he
response el enent, conprises at _|east one sél ect or codon, can al so

be pr eé%‘ﬁ?‘forﬁ'ﬁf'ehiﬂh@@ﬁboﬁdﬁltlﬁ(ﬁﬁ"@w ehRIoChHETTF 21560 taetdrmbopIgnt he
t with th
unnat ur o PERRKTRAAL ALy BLAL SL BB D, R AR 1OREN B '
(e.g. Sree,m)g t Br(n. @raémwhm&b(ﬂ Ag Golveus, Jo¥I0}, ilees s.é]aeﬁtu smiﬁmkémtwn

t I t I
O oSGt SR L BB SRR S A ET e
t r anscraipdhemidy 226mdul ﬁﬂ&fmr&t pisiva selbdRd iRl MolEas, %cgt llﬁt@fefab@tgr&ﬂc odes

t he negative sel ect] rker._can_al so be operabl nked to response
o rB SRR (RN L EFIPBnRHP Pk aﬁfnﬁ%@ﬂq HHEE tgFlk?t(F(Snal

modul at@orRhketea. aoé%mﬁar&a(CAT})Ja %1% Qabﬁ%m@&ula%r pmtéﬁ@@%}@ﬁﬁ}? yeast
split-hybrid system  Method E. nz}nol

(1996) ,5ica Qrsiopdlisy e g@ﬁ@ﬁe@h@er@% ERGHeH @rpom@wg rselswﬁgm@rk@t risPo R ei n

i nt er aghi.Qnsicahdentification of CRE. B nutations that prevent

association wth the coactivator C13P, Proc. Natl. And. Sci. U S. A
93: 13891§8 13901’A %ﬂbl if%ﬁlia &l el?crcdes(ﬁlg%@ uveGgéigchbﬁ n?alillae'i‘%&ﬁ 8L Iy é@r%lgn of a
mam"rallan pr ot el E)moteln I'nteraction’ donarn b by usi'ng a yeast verse j
t wo- hy Binketl doy ¢ tresppusPradeneniadd addiimel p@muclebizdesthat%nw@s 1F0Bdtetipti0BR6; and,
M Vvid [ tems to
det ect oo dogeinthl B BENELS SN M sl PARACYR! e U £ 0T
(Proc. ltdat dne sAleeidy c@oh, cablalsGbe gtebe:@.ﬁlmﬂﬂmﬁpom{bﬁ@)f me'ﬁhmatmabmmp@ maitii on of

t | t he t t t t by th
0. ¢ ra B ROB P et e a1 e PR A R eR S B BHERER Y ot f on
of the :égabdid ecsakd BChdroaipias k2 the p@;mnﬂemidb){a gt; h@oﬂﬁ%ﬁze)V@c@ﬁi§%I on

mar ke 27 WD, 2 6610 o8 51043 I ses, a ector codon,
The poéﬁoﬁﬁ"%s%eé %‘R@yﬁ’gﬁﬁf ‘?"t‘}‘ié’agff é“é@ é%f”i %’HS@P}”{%}“B%P t he

i nvent I;@m@a& ©6 lﬁéljﬁnﬁﬁeﬁﬁffda L@@ Sheod¥Da TR Hiokin 864 oL haR@iiors both
can co iﬂfféat least two different selector colons or at |east two of

the sa PtBFcodons. 1901 The transcriptional nodul ator protein is

a nol ecul e that binds (directly o
[89} A polynucleotide that encodes the negative seleotion marker can also be operably

liviced to a response clement from which franscription is mediated by the transeriptional
modulator protein. See, e.g., A. J. DeMaggio, et al., (2000), The yeast split-hybrid system,
Method Enzymol. 328:128-137; H. M. Shih, et al,, (1996), A positive genetic selection for
distupting protein-protein interactions: identification of CREB mutations that prevent
association with the coactivator CBP, Proc. Natl, Acad. 8ci. U. 8. A, 93:13896-13001; M.
Vidal, et al., (1996}, Genetic characterization of a mammalian protein-protein interaction
domain by using a yeast reverse two-hybrid system, Proc. Natl. Acad, Sci, U. 8. A. 93:10321-
10326; and, M. Vidal, ef al., (1996), Reverse two-hybrid and one-hybrid systems o detect
dissociation of protein-protein and DNA-protemn interactions (Proc. Natl. Acad. Sci. U. 8. A.
93:10315-10320). The incorporation of a natural amino acid into the transcriptional
modulator protein by the O-IRNA aminoacylated with a natural amino acid results in

franseription of the negative selection marker, Optionally, the negative selection marker
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indirectly) to a nucleic acid sequence (e.g., a response el enent) and
nodul ates transcription of a sequence that is operably linked to the
response elenent. A transcriptional nodulator protein can be a
transcriptional activator protein (e.g., GAL4, nucl ear hornone
receptors, APlI, CREB, LEF/tef famly nenbers, SMADs, VP16, SPI, etc.),
a transcriptional repressor protein (e.g., nuclear hornone receptors,

G oucho/tile fanmily, Engrailed famly, etc), or.a protein that can have
bot h act i WotZ&dseépendi ng on the environnent (e.g., LEARHFE/HIBN0bOX
proteins, etcc.). A response element is typically a nucleic acid

sequencgontédgg{: délel’:ﬁfaﬁl@{l 2’1%@ Qéitzvats@ﬁcﬁoﬁl%%ﬁr?}Ec}/&ﬁlgﬁtlvgggybti@ﬁ HanRE QF €1 N O

an additi agent S I n concert . transcri ptl ona
modul at ﬁwzmgmmmcm@pﬁsemnwhéwo ea&mhqrslcedqﬁs which eask of bgthicanedmprseal at or

I e A L R s Sﬁﬁodiagb’y the

Sacohar fyces oReualas EAL.Age ikecL. ar%sfef.&%.ﬁ‘f'fhaﬁbﬁ%d&@ S ofhe
Sacchar mdya:els) tc%ﬁm\]mcsac&bsa@éénée &3 Iehﬁdneicﬂbraﬁnt)&alﬁehdduﬁaﬁs tBhakipgyn 4,
260- 267;

. Kee at a 9 Separ at i on, of . DNA .bi. ndj n fromthe
transcr P%? PO gt%l%é tb%ﬁﬁlﬁli ﬁ&%‘uﬂ’&fmﬁ’%@’ﬁk P %ﬁaﬁlﬁgﬁgql dylteR e n,

Sci encepRdds @&%J@@wu@ﬂﬁtmn&d adﬁfv@cﬁﬂ 1BRin {elz, 9881 4, HIRWaEHLERLY Sckors,
transcrggtlonal activators work ture 335:683-689. The N-term nal 147

am no aét 4<CIFB.AHESCL Boily avelersadMADsr VR REHEH T & MPRarBficRal RSB ai n
( DBD) t{?ﬁ%enpge{“jsn% ﬁ&%&%@q&ap@ﬂe%dc&@hé Ymm@e%‘,ngl%ﬂgi fé}ﬂﬁyc% Kﬂr At 3al

(1989), " An_amno-term nal fragment o bi nds .
Mil . Bi picteipthe: app daugimih geftyities de@&mg €r ‘fhe;a@tnvmmnen( &G%ET)EF/%@@W?\J@{ DNA

bi ndi ng}}@%@kﬁ-)‘ @BQE%%‘% | n{mgﬁ?ﬂﬁrﬁ%&lﬁi Yt Shdsd ﬁﬁeﬁé@ fik i r&%g}uzed by

407767- . I nterveni ng protein séquen a
C-t er mi thaltrabdBiphierizh sodalegiod pardtin \pataumddréomlaaeltc;@t actshiat cogeant mﬂa |tbfat e

transcrhgkgg OWB%Kﬁgﬁﬁiﬁﬁkf DNA. See, e.g., 3. Ma, & M Ptashne, (1987),

Del eti on an yS|s 0 eéfines two transcriptional activating
soomert el | B4R LAt ooty Al Puaslat s ol Rt o,
50: 137- ﬁm@atoﬁyro’mhaé}ﬁd@» 8edh o1z, dodanghonoskat. d(§98% Igennﬂcmﬂ\bf twvempmieiad DBD
"ts BRI Hbr R hBOP SaBr Gk by S H e PRI daobe
l'inked 275, 28Laudbdip4d 06/ BEGBQAEaRC (FigHy ahd) C43603 oft thanSetliapintyessl o
act|vat Lonhy G (S0 fyachy xabet Lehart sLogenes can.be yspd:Lgaperorm
used f ogefietiot i pfeEDNAl BERHIENTEANLE Qfmieh@@o@aoaemgt ﬁlﬂ@ldﬂr oB & @gmivBE: agent
that is converted to a detectable substance b negati ve sel ection
mar ker . "RREEHe protein, Science 231:699-704; and, M. Ptag e (1988), ‘How eulkaryotic
transcriptional activaiors work, Nafure 335:683-689, The N-terminal 147 amino acids of this

881 amino acid protein form a DNA binding donmain (DBD) that binds DNA. sequence
specifically. Ses, e.g., M. Carey, et al., (1989), An amino-terminal fragment bf GAL4 binds

DNA as a dimer, 5. Mol. Biol. 209:423-432; and, T. Giniger, ot al., (1985), Specific DNA.

bindiﬁé of (GALA4, a positive regulatory protein of yeast, Cell 40:767-774, The DBD is linked,

by an intervehing protein sequence, to a C-terminal 113 amino acid activation domain (AD)

that can activate franscription when bound to DNA. See, e.g., J. Ma, & M. Ptashne, (1987),

Deletion analysis of GALA defines two transcriptional activating segments, Cell 48:847-853:

and, J. Ma, & M, 'Ptashﬁe, (1987), The carboxy-terminal 30 amino acids of GALA are
recognized by GATR0, Cell 50:137-142. By placing amber codons towards, e.g., the N-

terminal DBD of a single polypeptide that contains both the N-terminal DBD of GAI4 and

its C-terminal AD, amber suppression by the O-ARNA/Q-RS pair can be linked to
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aspect of the invention, the detectable substance is a toxic substance.
A pol ynucl eoti de that encodes a negative sel ection marker can be, e.g.,
an ura3 gene. For exanple, the URA3 reporter can be placed under
control of a pronoter that contains GAL4 DNA binding sites. Wen the
negative selection marker is produced, e.g., by translation of a

pol ynucl eotide encoding the GAL4 with sel ector codons, GAL4 activates
transcri ptitbi*@ReaYRA3. The negative sel ection i s acBORpIHEH DN a

medi um t hat conprises 5-flubroorotic acid (5-F OA), which is converted
nto a dakeshrhlietiish SpeRIe alhs @lad & w%@aa% BOLER kit M
~cell) by the gene product of the ura3 geng ) oeke, et
al ., (1b8upositvaros ntdaties skbibossivoh thd gne.nut ant s Iackl ng

orotidine-5' -phosphat e decarboxyl ase activity in yeast: 5-fluoroorotic
aci d re#i2$t anceThévinkdiculvaed &1 @egﬁwakel@einetcmsmﬂ;ﬁ;}c 348le@846)qr sMeciigal , et
al ., (1996 Cenet | har | on mammahan, rot rotein

i nter acflge&%]ﬂjﬁgﬁaﬁoﬂv%%dﬁ r‘% eﬁta 8&55 Sfanf%g?é @e NG %‘f‘? g? "%y on.
Nat | . Aedeot cBithe intbntiSa, ths df@&tabmﬁstétﬁBZ@a tcafrOkubdvhno¥ z@l@blynuc@éouaé that
(1996), Reverse t wo- /brid and one- hybrid systens to det ect di_ssoci ation
of pr ot &iRIesE Besdtiye %\%?THPBNN b Cat Heoi f-e PR &EP oRES: Topregruplpgie , Sri.

U S ArpSderldsie pﬂaee%ZQﬁe& &%ﬂm}ﬂef a%rﬁﬂo—@ehelap%&ams\@@@bm bﬂ@mg@ﬁéser the

negatlve selectlon mar ker can al so ny of a variet ecul es.
The posithendhe apsabivs srlechen Wkeamp@ﬂuqeﬁeeﬁe@am@aw % PolinlRfer may

be a polyReR g'tﬂf dA1at whth e@tﬁ? C3ddk, & %E@éeﬁéﬂééﬂrgﬁ%ﬁcc%m?a%é on in
the presenc e

a Sul tab e react ant or exa ative seI ection
mar ker s n¢gativasisctions aenoexph@ed oh pmiaidek thet compyises Skﬂtévrafoe@tw@d GFEey,

f1uores 51 1@50 %&{e@ n{tga: Ig tecta It %ubggca {e. RTD texﬁtﬁs%bé? g%ﬁch%l%eﬁ%)i}b ot C

resi st a eni col* gcetyltransterase
pr oduct ﬂmfgeaa pﬂoémii ogén eraiitgeasn See, i, EoEaBoemdetl aat @984@; bipebitiye ectidihe

positive sele t|o mar t.h e ive.sel ection

OIS . e E R R R e L e

| um‘knes mﬂmcremst&iae, m&bﬁlmv];&f Sehesit (gmtlgarm'esctmm :0K4, r'ffgﬁl letsﬁall Sgkedt i on
mar Ker . C | se.anh a I NI t ase scr.eeni n rkKer e sane

pol ynuc e dE BRI AR ROt STy G BiTEh APSsIR i RGF & A ¢ he

negat i vexveRe 8fs-h@midnBdike! PrdtoN@X8d8| S Whe 08 diNe 0336 |.8¢ i omag! ep,,
t he negatl ve sel ection steg or both the positive and negative sel ection
AY

steps afiRl> 50D Rereieret™0divAgd and eyolbad sysipray el%i%%sspea&ﬂt pprotgin-

det ect egroyn ﬁddlm_ﬁ%ﬁ&&ﬁﬁﬁ&&kxbﬂﬁtﬁgc 6@l Aca0sd NG, AFAER15 05208 xanpl e, a
positivé selection can be done first with a positive selection 29 WO

2006/ 068392 PC—I—A?%@? @Q@fogﬂ'@%cﬁ@ﬁ%ﬂ&.’, i &ga‘m@ RLIBLRARNEKM: GO} also be

acetyl transferase ( iﬁmgene where the %ene conprises a selector
codon, éewnyof a ypiednsEmonedps- &b@l@ﬁsmﬁ’mseﬂqﬁeow Genr/onipe epeativt FRMEeR by - a

Negat i v,y ﬁ”'n‘?a.? %eOQ é:%%b%%ﬁe ﬁ$%uoi%c%%e&t%}e§ Dl RRRIh fe¥ct§o9 HURPress a

sel ector co Itions wt |nanegat|ve
mar ker , pesgice o7 siRple polcimte Faseagelvencgfties pesiia makers include, but are not

limited fo, e.g., luciferase, green fluoregcent protein (GEP), YEP, BGFP, RFP, the product of
an antibiotic resistant gene (e.g., chloramphenicol acetyltransferase (CAT)), the product of a

!

lacZ gene, transoriptional modulator protein, efc. The positive selection marker and/or the
negative selection marker may be detected by fluorescence-activated cell sorting (FACS) or
by luminescence. The positive selection marker andfor nsgative selection marker may
comprise an affinity based screening marker. The same polynucleotide can encode both the
pasitive selection marker and the negative selection marker. For example, the positive
selection step, the nepative selection step or both the positive and negative selection steps and
can include using a reporter, wherein the reporter is detected by fluorescence-activated cell

sorting (FACS). For example, a positive selection can be done first with a positive selection
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sel ection marker and the negative sel ection marker can be found on the
sanme vector, e. g., plasmd. Expression of the negative marker drives
expression of the reporter, e.g., green fluorescent protein (G-P). The
stringency of the selection and screen. can be varied, e.g., the
intensity of the light need to fluorescence the reporter can be vari ed.
A positive selection can be done with a reporter as a positive

sel ection ich is screened by FACS, followeg... tive

sel ection sc9§§%%m¥ﬂat is based on the inability to gﬁgﬁ%@@%ﬂgggelector
codon(s), e.g., two or nore, at positions within a negative marker,
e.g., baaiase. geﬁérmﬂ@mcmnéaﬁnaisfwaoe {0aTY sper wiere ths Gﬁ’&gﬂnayedpms a cell

o oo Beertin S AR TR Bl L S bl gl

- expr essigglectioh sae@ariak quklmz@éd @meQthtﬁttgsupp&s@@|s¢1€t31¢rrddrﬁo@ peptwelerf used
to an outer nmenbrane .  pori of t he Escheri Chl a coli

cel | . TREIRF PHHEF é”lﬁi%?apﬁgﬁgig)@ﬁrk?%é gceﬂs Eegaﬁ‘?rﬁei}a Positige| ect or
codon i Reibdken REREL NI FRSRBMEeisbleSHéRRAARE Qn B HbRd duf ROSLAS L Qbr, e ghe

di spl ayed peptide then contains the am no acid recogni zed by one of the

nut ant ~ PiAmite FepesstrNg &g megrsiya gatker qrivesecaprasyien 9 tenigratiss @B) Breen

cont ai nighg L Rey Sg%c}é L QERP 4D Grin % mﬁéﬁecﬁw%&ﬁ&eﬁ%@ 5oL 284 %\Ar&alF Ani 1o

anti bodi es rali agal n st peptides contal ni ng Speci unnat

aci ds. TiensOnpithd igd deeeiplfluowrdaedhaticpptayashstam wagodseasklogog cand
optimz 0 I p ee,
ranci o 06 0 EL bR o B 0Bl SR AN} g BURRT SR hHo

Pr oduct ibgn mepdivt selerties cenae fatibestied thelnkbiliyan tsiprgeso b sEJsmIbtecrudcxlr(sh coli

§ﬁgt""%§f§8t RPo A oB e R R0 S ?@%{%%2?' enbod ment s of
t d | ecti

Sope A0 v o CRliok e PR E B AR ey e e b o e o,

can t hethditke. Coll-suplitic@shiiynt.., theCRig A-boed vaPsurfacd displiyvesteRCRipodaheon of

an unnatural _am.no acid. 1961 Addit] onal etaj.ls.for producing, ORS, and
alteri n&XRIﬁE‘ém&L?SétPP%R‘P@%%@P% @Pta)f’o jpvaris WH‘%‘?@F%@ aBé’Htef)EmeB{?ﬁﬁ in

U.S. patsmi 02l bf Hels@ifackQF iRGSRdicigntélt ted Th&/asltagNA cﬁsdib%yed:@ﬁfh@%bﬁ' ons

for the Production of Othogonal tRNA-Am noacyl nt het ase Pairs"

and, USSWEPpLBlysies 7 sleeipy Pf@aﬂ TERE ARG OREEe UMMV eurapNEreleieoDE,

whi ch ar I E£RGeh8k I -
pr oduci %‘5“"‘ AERFROREHER B ELBRE R 068803d %ﬁ#%%éggﬁfﬁgggghéfo%nd in

Hamano- ToiaskelrtRNA afynthelasg0D) tha lhutanendBdeheeli chripisingothe chpespopdingR ' | A
Synt het r S ; Mgr '
Efficiently %Jh he‘zl'%?lo%ﬁ %’elggg%t#n 1bdﬁ§93 q%l E!gjlcéo%l ca]i?ép %élé% Ll'()H?'ry, Pecific
275(51) vAOB24- 4038 Gpids. d?lgaOemAdiasa(dzc&ﬁiismfao@ndiqﬂ@l seerewaEsicrebopied knd  col |

yrosyl LENA syut et ase S of 8'huBRER | phdlsRRLA.S gL T, FITRL ur a

Campbell, R., Iverson, B, L. & Georgeiu, 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). |

195] Other embodiments of the present invention include carrying one or more of the
selection steps in vitro. The selected component, e.g,, synthetase and/or tRNA, can then be

infroduced into a cell for vse in in vivo iricorporation of an unnatural amino acid.

[96] Additional defails for producing O-RS, and altering the substrate specificity of -
the synthetase car be found in U.S. patent application 10/126,931 entitled “Methods and
Compositions for the Production of Orthogonal tRNA-Aminoacyl fRNA. Synthetasé Pairs”
and, USSN 10/825,867 entitled “BXPANDING THE EUKARYOTIC GENETIC CODE,”
which are incorporated by reference herein. Additional details for producing O-RS can be
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proteins in eukaryotie translation and its application in a wheat germ
cell-flee system P.NTAS 99(15): 9715-9723; and, Francklyn et at,
(2002), Am noacyl -t RNA synt hetases: Versatile players in the changing
theater of translation; RNA 8:1363-1372, each of which are

i ncorporated by reference herein, SOURCE AND HOST ORGANI SM5S [ 971 The
transl ati onal onents of the present invention are typically derived
from non“@U@@%ﬁ%§¥lc organi sms, For exanple, the or PREHSRAE4IARNA can
be derived froma non- eukaryotic i 1 organism e.g., an

ar cbaebagh @ hiin R UER18Sx aivggltm? 9&9&@&%1:&%@% 9&5 ;Fgms Mokl anahagteri um

t her noaut ot r opl zi cum Hal I unz such rax vol cano and
Hal obactékteatle YpetiresimiDe Bicidietinesigt. IsrbiusEﬁ“megﬂMw Teyrsveobbpus! of

furiosu geeu AR opYT er ni_x ke, or
a eubac%io}‘)%n? e t%ds‘t}%ggﬁ@?a ﬁc}?, %f%a ,°¥ # ﬁieel(}% Hér “n%*%%ﬂ Dlﬂgmh acil | us
st ear ot by iynmﬂl-tRm sy@thetabe ol iskespovific hl&mtphﬁmom bhmgﬁzmturaﬂ)ﬁﬁslo amﬂirnntme

derived from,a non-eukaryotic orgai;H Met han %@cterlu
t hennoatfPBIS g A HC TRRS 5 Eel P CH@%W aa‘ghﬁ]af & Sftdsee $BfeEn At Sand

Hal Obacyﬁ@gy oY SRR fud, MRGEL AR BR e b b giHdas, syﬁﬁiétﬁh%é’c%@txle
furi osus rococcus horil coshii, Aeuro%rum perni x, or the like, or a

eubact eP]Fl)iﬁﬁ i (lath chanzingsprier eh fransiasion;, ﬁer&ﬁ%%@&w?ﬂ@%fﬁﬂ wECh aBaci | | us
stearot{z %Hbﬂfge?fereﬁ{eh e like. In one enmbodiment, erilcaryotic

.sour ces ca so” be “used, 1 ncluding but not Iim'ted to, plants, algae,
protists, fungi, yeasts, animals (e.g., manmals, insects, arthropods,

etc.), g@%ﬁ@mﬁ@loﬂ\@mmgw dual corrponents of an 0-tRNAJO-RS pair
can be deérived fromthe Sanme organismor different organisms. In one

enbodi nBHl ;  t hehouarsiicurirgmpegenisiof termspenttipeentiomere dypigely dertyed from
Al ter naﬁdnvéﬂqﬁvyoﬁ&&g&1 @Pan]tplfl@ oy oﬁ% éﬁﬁaltd? M%@%ﬁ)&rﬁ% g&h hopk fr om
exa e d

di fferent organisms. For RNA can erived from e. g ;
‘a Hal obdkerent uerespstNRE-81, a:an@tclnaqbactynm caiph bes diéetharedoctso liginesagil,

. Met ha”g@%@ﬁcﬁfacz‘éﬁﬂm r}z%%roaﬂ‘?z@ fzz h'@%QCZL 13% Sl&e aé) f}a ux golagm End

0-t RNA/ alr can screéened 1 n vivo invitro and/ or
used i nHalob@:}térmfe sppeies dVRTBA- m&mgbbwmﬁzlgﬂzBsP,(mmﬂau.ﬁﬁmﬁsusp6j:ftoc®ezlzsi ), or

| i 1 WD 2006/ 0688 C1l'/TI 0510436 d
2 ol vl T PR EoPRERed B o E eIt PR o dn A et o

aci d). Herman f!euk@wm Beciied bedaihehiin oy theVle] @hile 0 @RUIEESO-RSUCh as

t he Archaea et domai n, including but not limted. to,
bl et | zaFﬂS‘co@Ep:u CL"?‘“]("J’%FE éjgl’i‘hl RERFERBEER ¢ e‘?‘:g th%gﬂnd’gﬁ%’%?%ltﬁ*‘%’m

Hal 0baCE!z@ﬁizd&ﬁszr@ﬁ&&z:ﬁﬁdﬂa%ﬂ&rﬁ&uﬁ% CANra Al Al 0D MG BELM N PG €S
NRC-1, Archaeoglobus fulgidus, Pyrococeus furiosus, Fyrococcus hovikoshii, Aeuropyrum

pernix, or the like, or a eubacterivm, such as Escherichia coli, Thermus thermophilus,
Bacillus stearothermphilus, or the like. Tn one embodiment, eukaryotic sources can also be
used, nchding but not lmited to, plants, algae, protists, fingi, yeasts, animals (e.g.,

manmals, insects, arthropods, ete.), or the like.

[o8] The individual components of an O-fRNA/C-RS pair can be derived from the
same organism or different organisms. In one embodiment, the O-tRNA/O-RS pair is from
the same organism, Alfernatively, the O-tRNA and the O-RS of the O-IRINA/O-RS pair are
from different orgenisms. For example, the O-tRNA can be derived fiom, eg, a
Huolobacterium sp NRC-1, and the O-RS can be detdved from, &, g., a Methanobacterium

thermoautrophicum.

[o9] The O-4RNA, O-RS or O4RNA/O-RS pair can be selected or screened in vivo or

in vitro and/or used in a cell, e.g., a non-sukaryotic cells (such as £ coli cell), or a eukaryotic
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NRG , Arehaeogi obus ful gi dus, Pyrococcus iaiosus, Pyrococeus horikoshii,
Aeur opyrum pernix, or the like, or can belong to the Eubacteria

phyl ogenetic domain (including but not |imted to, Escheriehia coli,
Ther neus therinophilus, Bacillus stearotherrnophilus, Pseudornonus

fl uorescens, Pseudornonas aerug noses, Pseudonxonas put lda, or the
like. A eukaryoti c cell can be froma variety of sources, incl udi ng but
not limt lant (e, g., conplex plant such

di cots), g% a gae pa protist, a fungus, a yeast (i n?ﬁﬁg&%ﬁﬁw not
limted to, Saccharonyces cerevtsiae), an animal (including but not

i mt ecetlow p&;dunaﬂmbpep&ﬂb wmee&lecteairmmnda Iaxrid);mgi anemﬂa‘r)lml emmbmeldp i ke,

Conposi tions of. ce ttﬂqzéransl nal nﬁ Eh ent
i nvent i B SHFEY ‘ﬁ’lcs?? Cafl t f*FRe f‘%@@ﬁt S a@e Yé mT] SSN
10/ 825, i n&b&hlﬁg HEXRANG RG] tihe MewkabyRkdsC jﬂ@ﬁ&h@kﬁ c ﬂ@ﬁﬁab&cﬂhum

screening 0-tRPTA "and/or O IBS in one species for.  use in another

- speci esteppggpiraRbiespHebocsr iy et Haaor wikeish eshidpiasiaugereited
am no agkd,, ',@nazaérz];ggotb ﬁ)z%mwpﬁ ocdBYs Al QQSOPﬁOM%%L@%a Sropepdi ng a

pol ypept'i de’ of i nto ‘an expreessi on ‘vector onta ns a
pr onot grertin aditheeliite, br azzzslwfouzgtto te, Eudadterzrguidgpetio dpmpiar(gichidingrbut ot

~termin

|c ACl d en din osone
bi ndi ngluml Fe at?’oré’stc{’eé% aat 6 * i BT, FI%‘ESSu‘lg ?CZ%W@ S%egccfr}her’ ey ‘H’“IB?’ormt ers
are welpselfvorhad fludrbeeny PseadftdncdzﬁS aem@mdga Es@dombnus Darniy, Q:@khfﬁtﬂ{@J A and

Ausnhel |. [.101 teri f
oy perRte s iR S bt GBIE P OB WO B, R [l ed to,
E, sol igonBasidido Sudtis mons@kgl of fiostas af bues, aeans o ey, d@yé&@ﬂmiudmg

aer ugi nosa, Pseudor nonas puiida, and_Sal npnel | a gPaI va et at,

22 229-PB50Y imyiied to, SeprdmREmcastcoR SR WD A ging At oo myisd t%at s for
such eXxRLRSS ADinsyS e MBLRP&Y, LINHERLS iR, | Hodydithabb ek 34ad bt enal
expression systens for mamualian cells, yeast, and |nsect cells are
vel | kriswiondats ¢ebe preseh dvaptionrs @Sfééﬁ?ﬁéﬁﬂe joA flieypresgal invgsian. [SG2¥s0A t RNA
and/ or ﬁ@z@ﬁo&f@wcﬁaﬁﬁ«m YRR RIEANAE RnfiRlOREPH: (Gc0lnd OLRKASL MY
be utilized "and/or expres I'n any nunber of suitable expression

syst ensatidfor Do n@neﬁmﬁlesmamh@mﬂs@éwlem nsect cells, manmmalian cells,

and bacteria. A description of exenp Iaré expression systens i s provi ded
bel ow. BPUWVO 2006xIe8502yPOTIESPBOBEOWE 3sleqialianguo adsa st edletieher ei n,

the term _
expr cadiigHEERE; phBlagRRs AReaRls L DGRICUAKEREE, SPRRRAREn Bhator oy

| i mi t edhétxoniais aqsprmt&gte s tgaeaszp’sor( Emmmﬂw@slﬁtmrb‘a:smms pad efenous
yeasts. nd east s | 0 u e cti (B Q ctes)
o oup. hé HERRCEI 53RN b, b0 biiIh S 75 e B AR RRRAES

Sper 7ss$m#ab]hé:a<&erméproaxmtbrﬁa&wblﬁtmwymmﬂh&&md cIEhtmbh@tet&nn SsmbwenpedcEed of

four and Auvsubel ef al.

[101} Bacterial expression systems for expressing a polypeptide of interest are avajlable
in, including but not Yimited 1o, E. coli, Baciilus sp., Pseudomonas flucrescens, Pseudomonas
aeruginosa, Pseudo;ﬁonas. putida, and Sabnonella (Palva e al.,, Gene 22:229-235 (1983)
Mosbach et of., Nature 302:543-545 (1983)). Kiis for such expression systems are -
commercially available. Eukaryotic expression systems for mammalian cells, yeast, and

insect cells ave well known in the art and are also commercially available,

[162] A fRNA and/or RS of the present invention and/or a polypeptide of inferest may
be yiilized and/or expressed in any mumber of suitable expression systems mcludmg, for
example, veast, insect cells, mammalian cells, and bacteria. A description of exemplary

expression systems is provided below.
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subfam | i es, Schizosaccharornycoi deae (e.g., genus

Schi zosacchar oanyces), Nadsoni oi deas, Li pontycoi deae and

Sacchar ornycoi dece (e.g., genera Piclzia, .Kluyveronyces and
Saccharontyces). The basi di osporogenous yeasts include the genera
Leucospori dtun, Rhodosporidiuns, Sporidiobol us, Filobasidium and

Fil obasidiella. Yeasts belonging to the Fungi |nperfecti

( Bl ast onaykep@eyssgizoup are divided into two fam|ies PCT/HUS2005/043603

Spor obol onsycet aceae (e.g., genera Spor obolonryces and Bell es) and

- Cryptoc ceoe i t for
use ui ¢ { e pr b e N S Hi sy BB b ELeak CLGLAT

Kl uyver O:tfnz;t@e:ssmﬁaqmﬂmmptmecefsmt@eshl zc&:alc@hatsonmhés bdﬂaﬁm aniulimited to,

Tor ul opsi s not astoris, P.
gut || on i HEBRAPFeass oAy et Boesii BB g b W&f%@%&%ﬂ@d& s.
dougl asithe Fimgi |n@pét£6\tﬁ (BlastSnyREDEORY. Sﬁ‘hesdscosp%ﬂgﬁ?d‘ﬂib ?msi:é art @Bides inth
fragilis, C albieans, C. nmaltose, and H polvnorp Yeast, are

gener al |fﬁ?’”éc%ﬁh%ﬁP@?’BPFfbﬁqfécﬂﬁéraﬂ%ts";ﬁc%‘%”‘?@b({ﬁf*f’é% i ke |1fﬁtﬁr Hompred RS o i t ed

to, -the oe@shiLMelbscom Qﬂﬁo@@&g ?rg% %@@E@f%@cc@ro%c@&%ﬁﬁﬁza%ge

Medi cal- Physics, University of ornia Ber kel e t

AN | carlimyjpeoideiet (nd @@mhemmwﬂe(amfw, ) gf(nmna@gfas KZAJ)W? o8] Mhe term
"yeast ea I C S: t

been, tr}g%gméés%y gesyec?}le @%t?h%ogfmégg bl #’%%gtm%/ﬁg&ts tﬂles gglﬁer%?%u&? R %?lugp

DNA. Th&itﬁ@mrzﬁe&zu&wszdﬁdﬁeﬂw,pﬁ’zbvgemimmfamdﬁélobaaz@elfml Yymsdweiohgsg ictkl t hat

has rec ina Qrs ransf

under st g%éad%ﬁgteﬁ%%%? am 1€, %Sg)gt%ﬁf) Sallrendéﬁﬁedo étltﬂgr{rx{fu i ?8 om%{)]{ce}acéae

necessar{elgy geilzen &mmﬁbht@dzey an@lamam}aahd prmn@hmaegyg.pganumcmmhn c or

total DNA conplenent to the original parent, due to accidental or [

del i ber atléd]mut aﬂf@mtmﬂmog&mst G 1tsh&q’¢hahepte@éni Gedehiidnhat species vailfd thei ent | y

simlar toth to be characterized t.he rel evant pJo such
2 the REborlit KihEett dsPATERES oNEUHG R poB R e

i nt er estToralogsid, rmdi Wedidy, Nintlhging, p%mg:@mdrrﬁtm ed)deq;abwrz‘& hPngdEa‘rinmﬁaz an. .
11061 Expressi o g%ransfo tion ve ?,I gx chronysomal
epl | e i TR o8t GFLATCHI PN Tove lgsvég* ororbensis,

t ransf orambiman K%%Wﬁ@gﬁﬁ% hisdass, EOhanR% 25l B, pBNRLBHS] Vsl @6t Or S
have been devel oped for S. cerevisiae (S korslci et a GENETI CS

(1989) 1%Eperally awatieblf'eﬁora@ varigy o pgermRiefudings 9 gpt innediiggthe Vead Foraiical |
POy, oavSTbok 66AR. el 200610888020 PATLISP 010 36Ny 8 ol 1578)
75:1929): C. albirons (Kutiz a 6:142); G

i nal t os a(B@Ik@}% &), and iheMGMImmﬁ Colleciiarp@a i Co5) G PSS&EHVA{}OI ynnmo~pha
(d eason at al. 1. GEN. M CRCEIOL. (1986) 132:3459; Roggenka:np at

al ., |vou’.1 OFENET (L EsstenmEyeesiont” @s“yeesi@g@yelﬁ’ozelg@ayeasmhatr%ggwos histhgsn, et

5" bacreRPEE ) M A i R BRI S

progeny of the original yeast host cell that has received the recombinant vectors or other

transfer DNA. 1t is understood that the progeny of a single parental cell may not necessarily
be completely ideptical in morphology or i genomic or total DNA complement to the
original parent, dus to accidental or deliberate mutation. Progeny of the parental cell that are
sufficiently similar to the parent to be characterized by the relevant propeity, such as the
presence of a nucleotide sequence enceding a polypeptide of interest, are included in the

progeny intended by this definition.

[166] Hxpression and fransformation vectors, including extrachromosomal replicons or
“integi‘aﬁng vectors, have been developed for transformation info many veast hosts. For
sxample, expression vectors have been developed for S. cerevisiae (Siko;:slci et al., GRNETICS
(1989) 122:19; Ho et al, J. BACTERIOL. (1983} 153:163; Hinnen et al., PROC. NATL. ACAD.
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(NY) (21990) 8:135); P. guillerinaondii (Kunze at al" J. BASIC M CRCOBI QL.
(1985) 25:141); P. pastoris (U S. Patent Nos. 5,324,639; 4,929,555; and
4,837,148; Cregg et al., MOL. CELL. BIO.L. (1985) 5:3376);

~ Schi zosaechar onyces ponnbe (Beach et al., NATURE (1982) 300:706); and
Y. lipolytiea; A ntdulans (Ballance et at, Bl CaaEM BTOPHYS. . COW N.
(1983) 112:284-89; Tilburn et at, GENE (1983) 26:205-221; and Yelton et
al., PRoC. NATL. ACAD. SCI. USA (1984) 81:1470-74); A, N ger (Kelly and
Hynes, ENMBO 0646388985) 4: 475-479); T. reesia (EP 0 2BAr/R4)5{043%p1d
filanmentous fungi such as, e.g., Neurospora, Penicilliunz,

Tol ypockadim (iaeﬁ)q@&%ﬁ%?%) alpRRRNGLRGH PONALEEDY. 8] SoRe e DS eon.

[ 107] ntro ences”’f or "yeast “vectors are ose
or di nar yaBdsi|(Kmize et e JaBAsIC Mmkoaaml {a83) Buklark nv@wzdrpfm {Kﬁ@s@o&t ab; onot er-

ol ael GREMBRRR T B LAY BhassRECE TIPS G mEE R 044):

gl yoexaligetlyzwe:Bzp rmsjﬁmﬁcmwobri 0geBaserICGAR L) APDHY); Nexakzarse;
phosphofructoklnase pho and pyruvate | dnase

(PyK) (EPEesss et abal B S&eggqgggﬁb‘g%yeg}lt adéﬁ@?& Rg*la i 55 HE I aso,

al so ma ¥ £ gQueNe ehsichyichyaphass) e5:14l), p. PRCC.
NATL. %%@%u lj%%iA%hzlz%é}ggméomziésﬁher SSI SI%{! P(g?mt)er ‘ze)quences

for usepasah @bﬁﬁﬁfeﬁbﬁﬂs 55?&9 6B%icd, hendf, Wéf §1€fg§ret 3L, MorL. CBLL.
h h
253?5’239§§£Ca SRR A RN B o he hactFlCh: NEEM (169800:706);

ytic ehzyme$, such as pycu
decar bosyd éfs@ofwzm %ep&d@pl‘(&ﬂ@ms ohngr, %@&M@IOPMBSBM@Me(H%@}mr ase

(Hol I an — . 48 4 S t V.
EnzyVe R o gy SR AR b0 D R o0 A il iy g
addi t i oRal Usaduend) aged st 74;r ansiget (Hdignn #s0 b 1@5@ 4554 dift i ons
;i & d M 4r & (x ¢ BybesoEVED y( Wt aH
may i ncl ude r.e ns _f al cohol deh
eneyt ol aErco Gt i Rare Alelioidt B otter NP oFoRE Fenkiticn,
gl ycer alrsigpuetictia- (W0 sphadse), Ga:lmyﬂcroqgﬁmaﬂgueﬁ&gﬁam{tmve enzynes associ at ed
with nitrogen netabolism and enzynes responsible for maltose and

gal act of@7pt i | im&bm:iue&tht&a-%m vasirons Im@ﬂdtoph@mfefdﬁmfmqmaeham yeast
expressi o rther desc n BP 0 073 6 1081 Yeast .enhancers
al so maj® dgén%%d@d%m P ?8%121{“1%80%t?é‘?1§£’ml ﬁegldo&al ?IBn gy it tF & c“&?ﬁrmt ers
may al sgeﬁyaﬁg&damm{)xﬁ;a@tzsp 021PéneTaSe; ﬁ@é]c:@&@rgﬁicese §-PBospiRSd EQEdRIse;

activating V\D 2006 PCT/ U8206 043603 sequences. (UAS) of a
yeast pg]é'ﬁ?%‘tﬂ@ 3’%‘%‘%@4‘%? ﬁ%ﬁgmﬁ?‘ﬁsaﬁ he FA&nscPi pt |%‘?r9%}éi=| vat§*8H#%gi on

of anot bef y@%m@g@m baph 61 RREA Suds S YR NG ¥RRIA(PRK P T8 @ 320
Exanpl es 01? suc (?]JJﬁ Sprggrrgc?ers |ncS;I ude the ADH rg @Pag)g?{/ sequence

| i nked 2k H‘éwwti\{lﬁ%gerﬁ, pRICBIRE aeifl iphegpheese. %lggméhpros@é ugeld Progetent  Nos.
4; 880, 7 348 &mgzt%yal% al’"”m&i& 81,9 XG0, Ber s @af ra%f L sulpiei n.

Clher exanpl es brid prormt ers include pro at consist of the
r egul at propacter sequences for use with veast hosts may mcluée the pmmoters for 3-

phosphoglycerate kinase (Hitzeman et al., J. Blor, CEEM. (1980) 255:12073); and other
) glyecolytic enzymes, such as pymvate decatboxylase, triosephosphate isomerase, and
phosphoglucose isomerase (Holland et al., BIOCHEMISTRY (1978) 17:4900; Hess et al, T.
ADv. ENzyME REG. (1969) 7:149). Inducible yeast promoters having the additiomal
advantage of transeription controlled by growth conditions may melude the promoter regions
for alcohol dehydrogenase 2; isocytochrome C; acid phosphatase, metallothionein;
glyceraldehyde-3-phogphate dehydrogenase; degradative enzymes assoolated with nitrogen
metabolism, and enzjmes respongible for maltose and galactose utilization. Suitable vectors

and promoters for use in veast expression are further deseribed in EP 0 073 657.

[108] Yeast enhancers also may be nsed with yeast promoters. In addition, synthetic

promoters may also function as yeast promoters. For example, the upstream activating
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sequences of the ADH 2, GAL4, GALIO, or PHO5 genes, conbined wth the
transcriptional activation region of a glycolytic enzyne gene such as
GAP or PylC. See EP 0 164 556. Furthernore, a yeast pronoter nay

i nclude naturally occurring pronoters of non-yeast origin that have the
ability to hind yeast ENA polynerase and initiate transcription. [109]

O her control elenments that may conprise part of the yeast expression
vectors YWhEXUHa®er ni nators, for exanple, from GAPBATER2EH#HE3EHol ase
genes (Holland at al., T. BI O_ CHEM (1981) 256:1385). In addition,

the or isginBn@f (WRY) biCfch® Prdni@EP hdlebeZBinbd 8&M11EL @duk@ipfioh §Gi1v§tkﬂntr@§ll}1@ for
yeast . A suitabl e selection gene for use in yeast is the trcg 8;@(;

pr esen®f apgiher ysast peompterpiraiipg |acﬁyn‘té@i@ I&EA avgsagiere t BxgpplespRey
10: 157, 8 gs E&ﬂld?ttheaADH 1 é’ ce Wnkbd L fh-E@A{ h@ilisc ﬂ)ﬁ Rhgvbdes a

sel ectlpon mar or ‘a nutant In of yeast |ac ability to
gr ow i megmypfae&h&ri’atest Wpd. 48839, 73{&1@24,%396; *e*h@h y@asmorgsmt@:i bbsrafeﬁ:?ﬁ@& 20, 622

or ar| n ene.

j 1101 ﬁg‘%’ﬁ‘) cﬁtﬁg exa o gﬁlﬁgprgxﬁggegnvﬁls}‘g ?8 tge" %ﬁ?régg nown to
t hose @équeml’edbflaiﬁy%mﬁ IGATLAN (Iistiﬁo,amrtPH@mgeﬂemmbmahab&mtm&msmlpuénaare not
limted to, either thetransformatlon S ero$I§st§s f%é i§1516act
yeast ROSEHRREFqeon: ¢lem gluepiyhic: eRnk §Fa° sk .&6 Yiex 86D :

t r ansf GuiBBR, &V ¥8RGhotEAN 1@@&@@@[1 BEE BF Rl $Qoh HeasB
described in Ifs?eao et (iatl a;b%% 0C. M %9 OI. USX 9879)@%6 3829

and Vaili baysitheRpgHy forbing yeay R}@A@Fm@rwml Hﬂtl@@tf%@'ll’%wever ot her
met hods_ for introduci ng DNA into cells such as by nuclear  injection,
el ect r 6B at i oHthehrongphelepems that Way crmpEse nirisyf the verseerrassio e irhed

gener ahrﬂc\luds'ierm%ﬁwrgmgnﬁ ﬁ%Tn GAMBEEG UL AR s OB NG b R -2 MBI

(2001). Yeast host cel t hen be cultured-usi ng standard techni ques

kn ovvn tQﬁEMh Hé’éilﬁSﬁdﬁ%ﬁ)n érr sddstm {he prisineé replicatiop fipy] theRh plesidtonsdss f or

of "or d iy B PRl PR QA GRchD k385 AR IR R PR O o
20020058646 9lasmid, Stee PiatherpeNeisal., 63E8B {19369 10:6573 Kin@aan 611 SFENOEES79)

US. Redbhm Heg e pRRRE  Alion R 8 Rl Q6 By B B0 P
Appl i cabiligns YWOwOBY @ﬂﬁ@ﬂlan V\lSuﬁBér&r?Z&&-d&ﬁmbn\i\@eas%ﬁ*ﬂﬁd)&ﬂrmmﬂﬁ%an Pat ent

i cati EP 0.946 736. LP 403: BP.0 480 480: WO 35 WD
9886'1825498 Sﬂﬁ%ﬁ"/”?"i%%&%ﬁéilf%ﬁé? 2% ﬁ?ffl?’%g‘%ﬁﬁ % R 986: EP 0 329 203° EP

e £t niborx VEo9%) Sebridye 765 RaNa e AP B a Gk pIiGoR
8( 6) : 4220488 skilbaetid elt, anlVEHRHADGInt Rk, EnzérEabﬂinﬁiﬁ\d 16, LOBQ)helBsBrmtioeach,
oo oL aLEd B hELETSDCE Dereln, LIzl The, veast MoSt SUr gl be
transformation of yeast can be carried oul according to the method described in Hsiao et al,
Proc. NatL, Acap. Sci. USA (1979) 76:3829 and Van Solingen et al., . BACT. (1977)
130:946, However, other metheds for introducing DNA into cells such as by muclear
wjection, .elecn'oporation, or protoplast fusion may also be used as described generally in
SAMBROOK ET AL,, MOLECULAR CLONDIG: A LAB. MANUAL (2001). Yeast host cells may
then be cultured nsing standard techmiques known to those of ordinary skill in the art,

[113] Other methods for expressing hsterologous proteins in yeast host cells are known
to those of crdinary skill in the art. See generaliy U.S. Patent Publication No. 20020055169,
.S, Patent Nos. 6,361,969; 6,312,923; 6,183,985; 6,083,723, 6,017,731; 5,674,706;
5,629,203; 5,602,034; and 5,089,398; U.S. Reexamined Patent Nos. RE37,343 and
RFE35,749;, PCT Published Patent Applications WO 09/07862; WO 98/37208; and WO
98/26080; Buropean Patent Applications EP 0 946 736; EP 0 732 403; EP 0 480 480; WO
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using standard feed batch fernentation nethods known to those of
ordinary skill in the art. The fernentation nethods may be adapted to
account for differences in a particular yeast host's carbon utilization
pat hway or node of expression control. For exanple, fermentation of a
Saccharonyces yeast host may require a single glucose feed, conplex
nitrogen source (e.g., casein hydrolysates), and multiple vitamn

suppl ementation. |ii contrast the nmethylotrophie yeast P. pastoris may
require glYyeaPEPeRet hanol , and trace mineral feeds, AGHUS29AP4P9%i npl e
ammoni um (ni trogen) salts for optimal grow h and expression. See, e.g.
U'S_ Panaotyhlep (548246639 8050t 0 914 s, andlop PROTEION 56 o7vd EMiisckd 990)
9:95; and Pieschlco at al - OTECH. Bl CENG, é1987 29: 1113,

i ncor po@é?’edW%VéNé#@@WWFr{w%M@]l 25GEA3F ROREIE ot EbnY HeTHARE)
however g (orRs. tl@ﬁ/ee&e%aa,ai»{m&mnaﬁ%%@@ (1990}1?@ﬁ§lqegatchq{1c&1ﬁﬁat¥@€?t host
strain enpl oye For exanple, a growmh limting nutrient typical

car bon, l‘ir?gxﬁn@élemfded to the fernentor during the anplification phase to
allow maximal growth. In addition, fernentation nethods generally

enpl oy d1¥2@r menTia yeest hoshetibingwieied gﬁwwbrrmmaﬁmnad@mléicmwm of
car bon, u@i'ng 08804 fé%&%%!c ?&M’e oﬁr}?&ﬁﬁ?@f&i’n to@gse ein ﬁh B LNt s
(vitamn trace mnera S an al es 0 erne a i'on
msdi a S G]‘hba“brh&nﬁamn oeiodd by Pe edrpedde ecabestcior lde?ﬂ:mmfes . SparPafsenteast

5 231 ch_are.inco ted b rence
her e| n. %f’i %19?1? Eldéh‘?arﬁoééxfmgaa OF FROEETOEE ﬁg ﬁ%r Efxg?aﬁ%e’%% é@iﬁoﬂost
or "insettk .ﬂam:c«dhgﬂoés yeagt@hensayt @qgdrel ngdegd gmb@bh feﬁncdi@pi?:omnhgﬁl feen, used
as a recipient reco |nat \ or ar other transfer DNA.  The terns
el uged® PR BTGB o TR VOB PR GEESER t FoccORES: bBEn
a)nsf eqﬁe@ﬂzzo&obmsyemplg;a@meﬁmy F@turé ggce@aqgaﬁmo@fm@uﬁdmh&amé@nml cell
not necessarily conpl et el entical in m)rphol og i n_genomn c

g? t ot a|°nlmwa]6@mw (Ripgenlesasy i%uﬂﬁam | pavibmod erowss. ménU . or

- del.i ber at,g Mihak koNG3F ALY af It BeoRA @Hﬁz@' (19%)@9@%@%@5@1&%5 iiciently
sinmlar to the parent to be characterized by the rel’evant property, such

as the BeEsEREE (R0 HEB) nwrmaeihivelcemediteiy a pol ypepti de of
interest, are included in the progeny intended by this definition. 36

WO 20061065802 &@h/ Berau800436HRds, PWEYerTHeEYs 6Rvec bortsin ehmment FpveEsi nsect

cells f éﬁ&s Y i o] H@m se -of
or di nar 355 tﬁﬁXQaSF ?Dﬁggv%%% Oslﬁdse??f g&eéﬁ ? e@gp jed in
the art tymentlyaasbosomanée aildddl tp the éanlnatbdnedurmgl thel |mghﬂ@t1megh@egq plioy
Ror nbyx mor i SORhi I anogast er, Sp do a _Lrugi erd and
Tricl zoﬁ?a(ﬁql% & “’%r &% d%gﬁ et ?ds genfl%hg ﬁpéosys go%ml%nlﬁhtogbl e
host s nmyedﬁm Hestkgmed tmaﬁta&h@dmum@mhames ofl claszeﬂ dlbgen, Iga@ﬂchassa(phﬁph@ns,
g:ﬁ:? Ia][ ?/aé]“td 8@\% 1&3}8% 35.1 L Vit a%%ﬁnls,\{raoey mmerrzllg and gaﬁ,%l b!ic f Lelus]:;[p es 0? ferman aetl%% are
media suitable for use with Pickia are described in U.S. Patent Nos. 5,324,639 and 5 231,178,

=

which are incorporated by reference herein.

f114] Baculovimus-Infected Insect Cells The term “insect host” or “insect host cell”
refers to & insect that can be, or has been, used as a recipient for recombinant vectors or other
iransfer 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 pavental cell may not necessarily be
completely identical in morphology or in genomic 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 pavent to be characterized by the relevant property, such as the
presence of a mucleotide seguence encoding 2 polypeptide of inferest, are included in the

progeny intended by this definition.
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a variety of sources including, but not limted to, the Insect Genetic
Stock Center, Departnent of Biophysics and Medical Physics, University
of California (Berkeley, CA); and the American Type Culture Coll ection
("ATCC') (Manassas, VA). 11161 Generally, the conponents 6f a

bacul ovirus-infected i nsect expression system include a transfer
vector, usually a bacterial plasm d, which contains both a fragnment of
the i bg&}f"l%’ﬁg% genone, and a convenient restri &@W@a@@ﬁ%
insertion of the heterol ogous gene to be expressed; a wild type

bacul ovjingis W tifis SQEHEERA 6LHIAPIERIE Ot h0xbREsiRasSU W pepioP efdréd &
fragnment in the transfer vector (this allows for the_honol ogous

r ecombi HEFGH thee Cffr%dmwéﬁl@%m Bg 8tis Sestie R BReCiEhEC BB Gpwbﬁrdug theeHone)
and app&ﬂaprai@tc&m@r%ﬁ@& mamg ShbISaRN Dot QB TES B TS, W@y&rﬁpm@s

~met hods and techni ques used i n constructing vectors, transf ecting
cel |'s, mratagmgeplSaedsetr Gueinemg, sul iciopuoalni.ur & seasting fnsedt ibkels &% known

0 e, ke ANCLTRURAES, Ao UGk afke SEL) WD PSR, {sshniues (117

Af ter ogous gene 1 n ctor
vect or aambi‘whbw pebtealyiioyquavit, laml oxgaeaﬁanimsmaﬂ tirmn‘sdregetneﬂdly a%dﬁa!aia fiomsect

host |1 th t k d
o conb harte: et eiplindoln i uig B naR kP e e Nk BRI T oo
and pur DépasithendstesThadis aat 3dkdival Prosiss, Univehie uf Ottt/ (Basely, @28k ind

t I bI kit f f f
SiSLSFZ%% ey BB ke b SNeienr Pika) Vet techni ques are

gener al kno to ho e of ordl i1l in_t art and,full

descr | bUASK n_ SUGHE C%RPGPPF_}S s e AR Rk AR
BULLET|ﬁkﬁ@ba%@é@x@%&&ﬂhmmﬁ la B ftesdl G ﬁ&ﬂﬁmﬁﬁc&%mﬁ@ﬁ&ﬁ@ﬁﬁ@mmﬁ&ﬁﬂ%l50

R CHARDSON, 39 METHODS I N ECULA OLOGY: BACULOVI RUS EXPRESSI ON ¢ |

PROTOCChASUe Yigsspnomen eyt ey enpeih pestrichoigie Ko Ipseipootits heRroMepEsagp A

OLOG S
| E\I LABO\%A\T Og%sgeﬁ awild %iggﬁﬁc:ulog%ué% I{'@mfg E%ﬁﬁﬁﬂ tg%b\ e%%uo!?/ﬁﬂg @}gécﬁ SYSTEM

EXPREssﬁmavE@zr@estrawf@Amm e ) (112919@)010%31&8900%@@%@11 of e

pr oduct e | ct
et exhaBiol b0 S  ALLRRANS BALE BT SRAAEREMIN L B feC
.See, e. gowfwn&dxapaﬂ’éntmat&?alsé\ﬂnzt@ﬁxﬁ:l@ﬁl%i@m@@w w@ﬁﬂwm%ﬁﬁ@ vhlders,
6,368, 825 . 6,342,216, . 6, 338,346 .6, 261; 80 225 060:;

6. 18, oo RHE Sl e Chyi v At Sl et (R e RusSda gy

5, 939, 2&f; m&nB9 irca¥blahlh A8 Bg Biess BolBGhe79; 5, 858, 368; 5, 843, 733;
5,762,939; 5,753,220; 5,605,827; 5,583,023; 5,571,709; 5,516,657;

5, 290, 68G7] WO (e @idbng MI&%&@QQ getdhi0 W30k valdrOhd 0b@&aGind thA0

001 5534510 40.091.23032;, YO, 994121, W0, 99145130100 29! 31257 i

W9, 9/ 1084 57 g W
genome recombine. The packaged recombinant virus is expressed aud recombinant plaques
are identified and purified. Materials and methods for baculovirus/insect cell expression
systems are comumercially available in kit form from, for example, Invitrogen Corp.
{Carlsbad, CA), These techniques are generally known o those of ordinary skill in the ast
and fully described in SUMMERS AND SMITH, TEBXAS AGRICULTURAL BEXPERIMENT STATION
BuLLETRY No. 1555 (1987), herein incorporated by reference. See also, RICHARDSON, 39
MBTHODS IN MOLECULAR BIOLOGY: BACULOVIRUS EXPRESSION PROTOCOLS (1595);
AUSUBEL BT AL., CURRENT PROTOCOLS T MOLECULAR BIOLOGY 16,8-16.11 {1994); Kmva
AND POSSEE, THE BACULOVIRUS SYSTEM: A LABORATCORY GUME (1992); and O'REILLY BT

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

£113] Indesd, flie production of various heterclogous profeins using baculovims/insect

cell éxmession systemns is known to those of ordinary skill in the art. See, e.g, U.S. Patent

37



WD 99/09193; WD 97126332; WD 96/ 29400; WD 96/ 25496; WD 96/ 06161; WO

95/ 20672; WD 93/03173; WD 92/16619; WD 92/02628; WD 92101801; WO
90114428; WD 90110078; WD 90/02566; WD 90/02186; WD 90101556; WO
59/01038; WD 89/01037; WD 88107082, which are incorporated by reference
herein. [119] Vectors that are useful. in baculovirus/insect cell
expression systens are known in the art and include, for exanple,

i nsect expression and transfer vectors derived fromthe bacul ovirus

Aut ogr aphd6X096P2 ca nucl ear pol yhedrosi s virus (AcRPVWS200§HEH3 i s a

hel per- i ndependent, viral expression vector. Viral expression vectors

der! vednbr OBkss: Sy3kenlc Uayal ki, UBssLie: ot senanl £ sls pel vhedrden, gene

pronoter to drive expréssron tero ogbas  genes.” Sée general |
O Rei | | §,16%938L 6 IQBA&JL@)WLT;EXI@E&% d\%vE@T ORR839,28 51 ABORETEORYE 7 IMERAL

Genons, SERG" HbovEe HuotPTEd: Sutponert s atmbe s g B B aobar Peader
gi f qess,_rseﬁﬁfﬁ,cd&@ﬁ,@g@eqﬂe{m@ﬁmﬁ I W0 68 88190; ah“ftﬁ)m/am; In [0 Om}ﬁ%tﬁe

tr anspl ARG T Wb SRR T b Rarat v SR et
const r UgEG 9910%; 98§ WD 7/ TBENTWORILIHY; éW@@E!zsw W@@sﬂnsm 0 X202
chromosomal el ement capab mai nt enance in a

e s S o8 s P o5 G%ﬁev%pe@@mzé%% DR tSus o PR BT R S Rem,
t hus al kawoiyendds: %ﬁ%’ﬂ% ngyel RRA 558 oYl 84, @V@%ﬁ)l@ﬂr Wi 98 Agkzand

anplification. Mre " specifical 1y, the plasm d may contain the
pol yhedrvihwhptﬁu}@a@m@%hﬁrgfwregp@m@m(M Iler, ANN. REv. M CRO&OL. (1988) .
42.177) and a prokaryotic ainpicillin-resistance (wnp) gene and origin

of repl {188t i on ¥estorsiestant isoil wridogedpaliyaedt osll ¢aprEsionsistoms Eﬂﬁzmpwme
Comm”' g;%@%élt 1Bl é i é’;&&n[ra(f)ég éﬁsgi s?o‘i’x“&L n@m:fs% %cg&ﬁ CNPY

is) pAe er vec ose in t#ﬁe ar have
al so bebarr:uﬂ:emmgﬁ@dg*rapm&ﬂg’drnurg nuElon: MN‘@O&$ vm%ﬁ?ﬂhwhbh & ¢ belsert he

pol yhedrl ge%ﬁ aht Pa?%%%essx MALE LR ALT 1385%%?‘?\(;%}33%]%{3%& q? g:a?s s;%t pam E

cl oni ng 6 Pase Hart's dowrstreamrom ow and.
Summer s psiediROEOBY st®} Gia! (a9BSYn gohd erovmiente rddivakkyresawaidf ableslogeot or s

38 w o0 2006! 068802 L pncl r. e | e,

PBI ueBa84'%1 gﬁf“eé’af Cél %JS’E?'%; ﬁ&%ﬁ%ﬁ%ﬁﬁ%ﬁ%ﬁ?ﬁ%ﬁ?&ﬁ%ﬁ%n
Corp., Gamusba®oCA). [122] After insertion of the heterol ogous gene,.
the transfer vector and wild type bacitloviral genone are

co- trangf2ert ed Hriot Qo dikeiting et feeigh g&% tinto NBE h@(dﬁovﬁmaﬁ giaﬂitﬁ:ieg)dhhc BiRgre-

het er ol n the desired si n,th acu UsS virus are
oo’ o ol | ST SRR TI% LEASTEES (P EIAEoBSRpBRRy | L NT
STATI muﬁéébdgﬁiﬂ NaiNeriptibaI&mination sequence, are typically assembled into an intermediate

transplacement construct (transfer vector). Intermediate transplacement constructs are ofien

mainiained in a replicon, such as an exfra chromosomal element (e.g., plasmids) capable of
) stable maintenance in a host, such as hacteria. The replicon will have a replication system,
thus allowing it to be maintained in a suitable host for cloning and amphification. Mors
specifically, the plasmid may contain the polyhedrin polyadenylation signal (Miller, ANN.
RBV. MICROBIOL. (1988) 42:177) and a prokaryotic ampicillin-resisiance (amp) gene and

origin of replication for selection and propagation in £, coli.

[121] One commonly used transfer vector for infroducing foreign genes into AcNPV is
pAc373, Man?' other vectors, known fo those of skill in the art, have also been designed
including, for example, pV1.985, which alters the polyhedrin start codon from ATG o ATT,
and which introduces a2 BamHl cloning site 32 base pairs dcwnstreém from the ATT. See

Luckow and Sumamers, VIROLOGY 170:31 (1989). Other commercially available vectors
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(1987); Smth at al., ML. CELL. BIO.. (1983) 3:2156; Lucicow and
Sumrers, VIROLOGY (1989) 170:31. For exanple, the insertion can be into
a gene such as the pol yhedrin gene, by honol ogous doubl e crossover
reconbi nation; insertion can also be into a restriction enzyne site
engi neered into the desired baculovirus gene. See Mller et al.
BICESSAYS 198%} 11(4):91. [1231 Transfection may be acconpllshed by

el ect r opo4t 198H06888de  TROTTER AND WooD, 39 M niwt S PRUNEIEEAR Bl OLOGY
(1995); Mann and King, Y. GEN. VIRAL. (1989) 70:3501. Alternatively,

|'i posonpglaBy Be seefld opBamsh 8ots-he pBEBEBiHER! | Skl tp@‘ﬁ,leﬁaoéb
reconbi nant expression vector and the bacul ovirus, See, e.g., Liebnman et
al ., BllBTEeEmKNEEsCubab-A26(1): 35: Graves et at., Bl OCHEM STRY (1998)
37: 6050 Nomura et al., J. BioL. CHEM (1998) 273(22) 13570;_ Scl m i dt

at at, BR8hm BxdtHRESSICsenarDibePairplogms ehe.1 Sogyansfes xaeiorshid wild @pe at |

o RS ks S PRty A Bl oo BB ol o

PURI FI CATibGNg6UsO0R). ih®: 6 SesirDbkiphinrthe bacaiovirud\ATIIRE: EENETICEE (11957)

G (1056555 b Siyte, (s (RO oAl Sk R YRARE by mo. T5sP -

é? 1( i’37) {2BB){ GimifReat ﬂé Iﬁ}é&_@t Catr, B{bjl_‘Q glgﬁ%% @2.1 ﬁﬂgl%uﬂ&s% and lenlllﬁlag,) g@aﬁ@?f 10;
~Stanl e | t R I .
C1o64y” 6B 7hisa” Fo tratipia 0 ol e N e GRS o BOBRYIcEER Bt

Comrer Chahbl¥gad @bt b@sdab@Q&@Hﬁﬁiaﬁ:ﬂP linkg@ion c&@ﬁls@%@ﬁm Erestiidnf @i (1)
and Li pofectl n(r) (1nvitraogen, , Carlsbad, CA). In addition

" cal ci unfith&ugirese 1P?°a7l?§fd€&1%qdotﬁ*°‘#ﬂ?nﬁec“-‘3§ edee 4HleT ROPFERORNDYIWONSY 39
IVETHODSH(E) 9MOLECULAR BI OLOGY (1995); Kitts, NAR (1990) 18(19):5667; and
Mann and King, T. GEN. VIRAL. (1989) 70: 3501 [ 124] Bacul ovirus z__§

expr essijea] vVect QLS aatby b&&@&rﬁ@lﬁh&i @a&éﬂt& éblﬁﬂtb% @e@’@@é’%& Adb Waop,
bacul ovirus pronoter is any DNA ‘sequerice cap

bacul ov PP JEETAS T3 GYIgRsHaNe BERGY (13954 Mﬁgntaﬁ@ I@mnisﬁwamog ¥1989)
{ranscr yaskon Olib0d) NG, AEAMCRGE deluld 1oSENRLUNR 10BN Bhcl Bi0 ARIVL A

pronoter w have a t Initiration region 39 WO
ZOOMGBWMMATS@I)%@ABB@@I ﬂltsijethd Wapllﬂamed pr oXéared.g.t cLith@I:LS et etbd of

e, o RREHE RO AR R Pl AR S

i ncl udes an e’blnlng Site an C PonTTnrtTation
site- AzbatuBmwi CmsMmpr(DIDS) WS(mylﬁV&oShlmmét at aép@adadorﬁ:&mselaﬁl &h an-

erhances i Lo PSSR (USUPAIY AUELAL Lyt e il e
St r uct uiCat. Benesy: AbusigantlyHANDROSR NEDesk avokatel ¢ bigPsotany Ehertadect i on
cycle, AND PURIFICATION (1997} 10:263; Dolphin et al,, NATURE GENETICS (1997) 17:491; Kost et

al.,, GBNE (1997) 150:139; Jakobsson et al., J, BioL. CeeEM. (1996) 271:22203; Rowles et al,

J. BioL, CHEM. (1996} 271(37):22376; Reverey et al,, J. BroL. CHEM. (1996} 271(39):23607-

10; Stanley et al., I. BloL. Caem. (1995) 270:4121; Sigk et al., J. VIROL. (1994) 68(2}:766; and

Peng ¢f al.,, BIOTECHNIQURBS (1993) 14(2):274. Commercially available liposomes include,

for example, Cellfectin® and Lipofectin® (Inviﬁ'ogen, Corp., Carlsbad, CA). In addition,

calcium phosphate transfection may be used. See TROTTER AND WOOD, 39 METHODS IN

MOLECULAR BIOLOGY (19953); Kitts, NAR (1990) 18(19):5667; and Mann and King, J. GEN,

VIROL. (1989) 70:3501,

124} Baculovirus expression vecfors usually comtain a baculovirus promoter, A
baculovirus promoter is any DNA sequence ocapable of binding a baculovirus RNA
polymerase and initiating the downstream (3°) iranscription of a coding sequence (e.g.,

structural gene) info mRNA, A promoter will have a iranscription initiation region which is
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provide particularly useful pronoter sequences. Exanples include
sequences derived from the gene encoding the viral polyhedron protein
(FRIESEN E2' AL,, The Regul ation of Bacul ovirus Gene Expression in THE
MOLECULARBI OLOGY OF13ACULOVI RUSES (1986); EP 0 127 839 and 0 155 476)
and the gene encoding the plO protein (Mak et al., J. GEN. VittoL. }
(1988) 69:765). [126] The newly fornmed bacul ovirus expression vector is
packaged |nt i nfectious reconbinant bacul ovirus_an ently
grown pl a&‘&e@gﬁgvﬂ e purified by techniques known tgqfﬁ%@@ 06‘?6 or di nary
skill in the art. See MIler et at, BI OESSAYS (1989) 11(4).91,;

Sum t vpﬁz&ll?b@c@]‘qﬂrﬂ'hknaﬂﬁ)@%i AbRl dglﬂLeTc%dH%Ag stcpadel vIThis tSRATHIM Bulatﬁ&m Ng
1555 1987 71 Reco ant. bacul ovl rus, ex si on,vectors have been
dovel opEBHUTPIN GERT G 2 Phb o PUETRRAI T FRsetle S SRR TR AT
reconbi nagicuRes %Mo@esq;ﬁ&;hﬂy@ nReen s6R¥E|BReR fEd anl HhBlced Vidsh, ARdes
aegypti (ATCC No. , x orlon (ATCC No. CRL-89 6)

Dr os ophiPfeasnies w@@a@@@rtﬂ ttms@@ | 2610 GYPreoSBABISEBTEIRY bwﬁhsrerp%raatecand

7' ri chog{%tﬁggy See Wi ght, NATURE (1986) 321:718; Carbonell at at,

T. Vixor . % 5§) 56:153; Smith et at, . CELL. BIOL. (1983) 3:2156.
See gene a I 8 25: 225,
More spéc |caI E@I]GS ]dblinldne %asue‘?@feg%hegg?%l]rﬁutsgeenifgétéogs%ﬁ vect or
syst ens pwmerqamtymiwﬂz epdid, privavterayeauoness. |Hxainplesl Htcbide SAESEs dopted ripm

(1 i £ Qe oh she Fat Myt piphit, WRERE, B0 O BEERY, o

( Tr i chopubt:gineérun (Fpne Zupddsiion hr BIBMITEBTLARMNOBBIY dF $A¢MDUIRUBE {898%0);)EP § 128]

Cells a r conmer c for bot Lrect and
(15 on L S BT e SPTR S Ry B BrolBElfigt & 79 dinfl Vi
%ul ovi(ragsfasxsessi on; and cell culture technology is generally | nown
t hose of ordinary skill in the art. [129] E Coil Pseudonobnas speci es.
and ot hgrZsPr ol CHis\@dsfdBaed B:rcmkzqu&pﬁs@dmctotr es:jaa’a;kﬁmesmaraﬁ tbas to
t hose of Ol’gj nar k| | | 5@8 gse ar e vari et f?/‘rgf}a’ors are 40 WO
2066/ 068862 o0V s i) 3segey Y&'\’P&F‘i BES fBE PEYTHES host s.
The vectfsn faaﬂm&a)fsuzﬁtgh@ GO 1B ark. OMeOKAilr G amﬂubnsssaw (19&9}011%}@1
Vect ors &C serve for cloning and/or expression. In view of .the amp

|l e
i t er at GPEMERG AR SHITHE V84T SHRICUR T EWM§V§§Fﬁﬁpﬁﬂ¥§l%mNﬁﬁh¢5§%ctors
and eve@ﬁmapuals describing vectors and their restriction maps and -
characteristics, no extensive discussion is required here. As is

wel | - knqm[q( t h%{éﬁ@ﬁ%ﬁﬁﬁ Ha&ﬂaaiulg m%r@ééfahweaaﬁrﬁﬁ% Bedl deQVbRQ HPInrsghect i on,
whi ch ers may provide for cytotoxic agent resistance, prototrophy

or i nundHp Werait%né%f@éﬁtsr ;FOl graglly F@Pmbwéfba%?\w@ﬁ@ hage hpcaglerrlopediie h
provi de ;{01 8l T485LH SN RPEEAT. SEEICS25), Bombyx mori (ATCC No. CRL-8910),

Drosophila melanogaster (ATCC No. 1963), Spodoptera ﬁ‘ugz;ve?;da_. and Trichoplusia #i.
See Wright, NATURE (1986) 321:718; Carbonell et al., J. VIROL. (1985} 56:153; Smith et al,,
) Mor. CELL. BIOL. (1983) 3:2156. See gensrally, Fraser et al., Iv Virro CELL, DEV. BIOL,

(1989) 25:225. More specifically, the cell lines used for baculovitus expression vector
systems commonly include, but are net limited fo, SI9 (Spodoptera frugiperda) (ATCC No.
CRL-1711), S£21 (Spodoplera frugiperda) (lnvitrogen Corp., Cat. No, 11497-013 (Carlsbad,
CA)), Tri-368 (7 fickopuisz’a ni), and High«FiveTM BIT-TN-5B1-4 (Trichopulsia ni).

j128] Cells and culture media are commercially availgble for both direot and fiision
expression of heterclogous polypepﬁdes in a baculovirusfexpression, and cell culture

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

{129] E._Coli, Pseudomonas_species. gnd other Prokaryotes —Bacterial eXpression

techniques are known to those of ordinary ¢kill in the art. A wide varlety of vectors are
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(1301 A bacterial pronmoter is any DNA sequence capabl e of binding
bacterial RNA polynerase and initiating the dowstream (3]
transcription of a coding sequence (e.g. structural gene) into nmRNA. A
promoter will have a transcription initiation region which is wusually
placed proximal to the 5 end of the coding sequence. This transcription
initiation region typically includes an RNA polyrnerase binding site
and a traMdévipeB®n initiation site. A bacterial priifdfsewsfras3al so have
a second domain called an operator that may overlap an adjacent RNA

pol ymer. i ch,

Por i ¢ &ttt R Byl DR A R ol Bl 7 or O 10

r epr essertorpr Gleeliors Il‘[ﬁ,sysdmenﬁir theingped/at opresand Trhdeey therduigh titeraiure

e B, R oA P b RSN BB |
addi ti @BstorpQsH tzhezﬁrejéﬁgw@mamﬁlandnaﬁmb@n@@al @/&ﬂert%%eadlﬂ:ﬁﬂﬁma@ trbanb@r
protein binding sequence, present is usuall proximal (51) to

the NI ASBolprieral&nssindienpoloadiently, myelvenaier sleopng f‘@”éﬁ}@Gt@@t Tiigk or
pr ot ei ajauélstllagy m@ﬁr cg@tmi d MR8 st PEO LR D d GO B mln%h%h 1#%] B y' pitiate

transcription operon I n Escherichia co [ Rai baud
et al. lelﬂmnar@s ;srpresmmyhmswﬂﬁ 8k dlffemg@hamc@dsmpr essi on may
therefore be either positive or negative, thereby either enhancing or
r educi B850 r ansérbiapieiia mIOmQI&liE 28K @eslemcmﬁwmefﬁe@éﬁm [bagierpd RNy

eney TS RESULI S PIULEM ALl HaSERH (10PLODN S, SRUISHRES LRI S

i ncl ud er seque ces erive rrom su net ab ,
such astrtgakabgens)antolmm.@sek flomoder Mﬁhm aettanmlnpuoﬂ\iéﬁzﬁm {etBx Whichd8: 1056] ,

Fr om DB elrse] ErorisR St E A hite BRUPE SERERC p) TP SR, - Nuc,
AC! | 175 1 tybibABONCIBAA0E RINA pblvekizesbingihs site, anmu@ns@ab@waﬁ& siel981)

9: 731; Pat 4,738,921; EP 036 776 and. 121 775, which
o e i ndolt E%Péamfi@?rw BFLARs aﬁ&?oeﬁﬁpmwﬂe& PAPHER S HEE O\ BFRFD
pronot @ﬂjacawmgrpoﬂmr@s Bﬁlﬁmc(s&@&mmchTmA@mmfa@eghs | THe@¥pE:@foOPeraiel Ot her
m st akes. ", terfergn 3 . Grosser)], bacgteri gage I arrbda PL
[ Shi naﬁ%%é“’%feg%ﬂ; W@S‘HO‘?W &@Bff’l’é’fﬁﬁ“ P‘Z‘Pielwaég@

PCT/ US%Q@@!&%ﬁﬁ%lt 5&58&191‘1@1 off? @épemﬂ@garéa E8ButihBRe oWbbEhn A8 nbc.r‘@ﬁfiﬂé’r at ed

by reference herein] pronoter systens also provide useful pronoter

sequenebsnesRinesive Faapsioay %13111%% Iﬁucélsﬁs theeopmriop o adriem, pegjiiwacsulpdied t o
i nduce ece LRGP QE? Fachih %ﬁndﬂlgg%q+eﬁl¥ 'vﬁn%agi‘ﬁ:d%eﬁﬁs Quafitich

vectors pﬁ%nown ose o nar i'n't rt and 1 nclude the .
pET29 @@’m@@l ®d é@nﬁm@&@mlmmtbmhx}mmm@cMrfstamwmﬁabme iaptivator

099/ gg é"ﬁh% %%a‘t';r%te BOLBA ?&ﬁ%c%% »ﬁl i el tﬁ%&ﬁhﬂ%aﬂ%ﬂcﬁﬂoﬂ?gﬁgesg on

syste pro uce evel's ‘o
conpr. owpgiongn li?@@:tencluelcbh E.adili) i Rgutbmd @rabymNNpaRMm (1pBEF18:1(7Bbvagen)
IS ano'[l&%ulateg 15% ssmn y tﬁé}cforeebe m{her positive or negative, thereby either enhancing

or reducing transcription.

[131) Sequences encoding metabolic pathway enzymes provide perticularly wsefil
promdter sequences. Examples inciude promoter sequences derived from sugar metabolizmg
enzymes, such as galaciose, lactose (lac) [Chang et al., NATURE (1977) 198:1056], and
maltose. Additional examples include promoter sequences derived from biosynthstic
enzymes such as fryptophan. (irp) [Goeddel et al,, Nuc. AcIps RES, (1980) 8:4057; Yelverton
et al,, NUCL. ACIDS RES. (1981} 9:’?31; U.S. Pat. No. 4,738,921; EP Pub. Nes, 036 776 and
121 775, which are incorporated by reference herein]. The f-galaciosidage (bla) promoter
system [Weissmann (1981) *The cloning of interferon and other mistakes." In Interferon 3
(Bd. 1. Gresser}}, 'bacteliophage 1ambda PL [Shimatake of al.,, NATURE (1981) 292:128] and
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[132] In addition, synthetic pronoters which do not occur in nature al so
function as bacterial pronoters. For exanple, transcription activation
sequences of one bacterial or bacteriophage pronoter may be joined with
t he operon sequences of another bacterial or bacteriophage pronoter,
creating a synthetic hybrid promoter [U. S. Pat. No. 4,551,433, which is
i ncorporated by reference herein]. For exanple, the tac pronoter is a
hybrid trp-I|ac ronoter conprised of both trp pronoter and | ac operon
sequences Wﬁé?“ﬁf{’gﬂsqzegul ated by the lac repressor [Arf&dPS8803813603 GENE
(1983) 25:167; de Boer et al., PROC, NAIL, ACAD. SCl. (1983) 80:21].

Furt her ey gy, saphags, ef,4z8l100) R8T ek u@@ﬁmid&@l M@fﬁ%&&ﬁ@éﬂlk’p}@ Gk 'éjls'f@ns
pronoters ~of non- bacteri al origin that have the abili bi nd

bact er i alSORNAYIBROTSHH PEsw i RUIFHEE | SIS EPRNEr TPt RORe Tl\pﬁmqﬁ@lam}we
occurring.p QFhegy‘:JI ﬁ%ﬁd?éﬁﬁ%&?és%i Qe % G2 ALSO R GOMR! £nopit h @
conpati bl'e dFase to produce high | evel s of expression of sone
genes i nto ’c}p:rsokfans‘hoaresluﬂ"ﬁhm bdetdintloghiig eET7 RNgs oot Yowasss.ehp thepBOSr

system Ie 0 I r er t St udier _.et A
ML. B d_‘a"%fslg Loy f"ﬁ@?’/ oy %g’["ﬂa?@&iﬁ?%%x‘? e el §1ch985)
82: 1074] expfelsm@d@smm@ BrodaceydiTeekisufeoybestide &rthah&@wbﬁom esmpirbeethgtiosia
bacteriopg pronoter and an B, f {S\llﬂ at or (EP.Pub. No. 267
851). [1%8]'14 AT AL e ﬁ% E)F&Pr?ﬁl%r VR haAter | ] ci ent
ribosone bi ndi n %ﬁ is also useful %‘ t he expr.ession of foreig

genes i ni*fFlokar g‘bf‘ How, synghetip grqmoters, &g Bt OO I ARG Ehe ngTéO”c%ﬁ | ed

t he Shi ngrlaligRbMBefsSD)RoS QRGNS %aﬁ&@k HAE botflegoPfqhdictd &t bRMpdansr (ATG
and a sequence 3-9 nucl eotides in g%h | ocat ed 3 11 nucl eoti des

upst r eanfasferiprhese piROtEIINbCIHEGA vfl@h @paen épquenmp@ragotm‘gtr@;enzlw 34] .
The, SD : ta t
© SD SeaNaDGRL SidiRtOBkatd o RERTRECBIAGBN. S (KR g, thershosome

by t he pairing ases bet D 'sequence
coi | 165whiFNA npc@mratqd tetrefgrence i@k i Eolﬁi’ignﬁmh%fﬂdpmwtee@ta td*éné éydences

Expr ooa) BpEn Dfprspd B AP HRBGRuer TR0 ARG ALy WO,

and pr oklac yaprdseorJémesn wi 4l Gasakl83h8s:06Hh de@e&/\ﬂ :-20@’@0206&81@2;&0@ SCI
PCT1US20 bi ndln i te.[.Sanbr.oo ession of . cl oned
Conos U BED IR PREse s Yl R0t S nautaf B SRS Pobieiey
1989] . (dﬁfb]mb'libtenﬂ&lh@n haciaes el 2bilits td bind brbadd] @NApohosizseald inidaef er s
to a bacterial t can_be, or has bee s a.recipient for '
reconbln%ﬂ?m3@8?02¥nﬁwﬁg¥H@W3F¥%ﬁ@?8?z m*%ﬁ@m$%WW¥nﬁﬁ%§ g%“?ﬁ%@i
progeny @fth bRem@itivy REA fdaeiLisk 3 pﬂib@ﬁde el m&m af elassibeensdniagskeat ed.

It is wunderstood that the pr oge of _a si n arental cell may not
necessar PPYAIIESSe o APF 8863 IPPhdgy t PO?YH"-‘%F m%::o PR g @ e ccolGr
total D%ugﬁmk&ﬁatsygt@mtfbﬁd@f blgéznal MRR! Bidk., (1@9@ 180Q 18Cceigent Al Mdc

del i berate nutati on. 7y the parental cell that are sufficiently
sim| ar Natl. Acad. Sci. {1983) 8’? 1074} In addttmn, a hybrid promoter can also be comprised of 2

bacteriophage promoter and an B. coli operator region (EP Pub. No. 267 851).

[133] Tn addition to a functioning promoter sequencé, an sfficient ribosome binding site
is also useful for the expression of foreign genes in prokeryotes. In E. coli, the ribosome
binding site is called the ShilleQDalgamo (SD} seqﬁence and inclades an initiation codon
(ATG) and a sequence 3-9 nucleotides in length located 3-11 mucleotides upstream of the
initiation codon [Shine et al., NATURE {1975) 254:34]. The SD sequence is thought to
promote binding of mRNA fo the ribosome by the pairing of bases between the SD sequence
and the 3" and of E. coli 168 rRNA. [Steitz ot al. "Genetic signals and nuclectide sequences in
messengar'RNA", In Biclogical Ragulation.a.nd Developinent: (ene Expression (Ed. R. F.

Goldberger, 1979)). To express sukaryotic genes and prokaryotic genes with weak ribosome-
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to the parent to be characterized by the rel evant property, such as the
presence of a nucleotide sequence encoding a polypeptide of interest,
are included in the progeny intended by this definition. [135] The

sel ection of suitable host bacteria for expression of polypeptides is
known to those of ordinary skill in the art. In selecting bacterial
hosts for expression, suitable hosts may include those shown to have,

i nter aliaWyWedspitel usi on body formation capacity, | 8GL/UROeTHEEYt I C
activity, and overall robustness. Bacterial hosts are generally

avai | abl fu 4

Bact ori al mers (SRR af TONNEER et i i netOhin oI R o)
Physi cs, dimiingddidbyratoly iahial.dPB¥la (Berkel ey, CA); and the American Type
Culture Collection ("_ATCC') (Manassas, VA). Industrial/pharnmaceuti cal
ferment atit¥h gerBrdtiny tasteriBdoste oi ‘Uacideal iwgdell T oferd 1€ :stetaiin dhaf eangae,
WB110) or, rla der i B €
Straihs 4F SOReD et o1 et i ek lil TR e S TG
ext renel ynohelkd tHél’pNgEn?.l’dﬁ theobigitial Hasteged diott @, thhtfiﬁls éheat trmebatear e hadn-

at hogeni c, whi.c commer ci.al l.y .i nport.an r et enV| nnental
Iroeasogs Bgrpod @Qtaﬁiﬁlpé%geﬁ of di Sc‘%%ff B ta]c?fﬁl mﬁ%é@s“‘?cﬁ%ﬁﬁﬁg’e %’mp eibé not

linmted t@utigl irphnbShehyBbrld petddhiOBr tobll DNIE bt Me %o &Q%ﬁ%@ﬂ -pakdit, @aet her
enbodi ment of the nethods of the present invention coti host is

a pr ot eadeqsidenal adebherpts matation: n%rogmtof Histareniy ﬁ%ldh%‘f@m ol engi gaiien
The host ¢, gelhheest ééﬁé&a&%%g@&i@tﬁ@ﬁ%ﬁﬁ %eﬂ?ﬁ %ﬁm@mapﬁeseﬁaawgw&uéyt not

limted to, Pseudononas |'uuor eseens, ~Pseudor nonas “aer ugi nosa, and
Pseudor némgnq&ufmc@l@;lg Rsealmsibime! fiteretie sioeinslundei iy e mogwsingndadedy
strain ?&ﬁmi%nknomn to be useful for reconbinant production and is
avai |l abl e herapeuti c protein production processes. Exarrpl es of a i

Pseudono ex i e Dow
e onl Bl P HERR Al SEM G G AE ML BILAUARE TEBIMED §
W de Wb tiase dﬁwdamm skilUinSthe Rt dntselb@mg badtgria\Do2O 66/8H8S02. suitable hosts

PCTI 1982005/ 043603, 4 155, 195,00, 4. 359, 800sc L0 916 LASOLROLA 56 bY

ref er encé her &l n scribe the’ use Seudor rnon
cel | for h@itolpiccdtidty, eml cfeiﬁbn]ob@m a Bae’mmmmke fesialig eldilalt taima has

been establ.ished (i.e.., .the ressi an truct bee |ntro uced
into the "ROEY Dg‘eﬁoglrcﬁﬁdﬁ%‘iﬁgﬂg’c Irgz’lE ﬂi”F'th We % @68?115 é?lgé%%i K CEME r uct
are i sol fegehiment BEBIHEGQID LANEIHO Phy:CH) IiJmﬁ‘élﬁl%J dF Cagfoenh (REIELE OB and

condltlons approEylate for production of the poggpept de of interest.
As W1 B ppieeatPt olbreCotecyan ("ATCRR Mraasgps VAL hedpsraisrereacestfad ur e

of the recoRBERANENBARY ueShdotedibl éérﬁed“.&l:ﬁl Re&ndapend eW@ll@?: of B8m ”t%ieﬂ& e of

the expression construct utilized and the identity of host cel

Reconbln&@ﬁw@ﬁﬁn3§%@ﬁﬂh§38L%Un8h%ﬁﬂ@ﬁ&ﬁwP%ﬁ@%ﬁh@$ﬁ@”ﬁ@&ﬁ@ﬂ@ﬂ@MEﬁhare
el | kno%aingte}shﬁ-eaéﬁmmely well known and robust. In addition, these strains are non-

pathogenic, which is commercially important for safety and envirommenial reasons. Other
examples of suitable . cofi hosts include, but‘ ave not limifed to, sfraing of BL21, DEI10B, or

derivatives thereof. In another embodiment of the methods of the present invention, the E.

coli host is a protease minus strain including, but not Hmited tb, OMP- and TON-, The host
cell strain may be 2 species of Pseudomonas, including but not limited to, Pseudomonas
Jluorescens, Pseudomonas aeruginosa, and Pseudomonas putida. Pseudomonas fluorescens
biovar 1, designated strain MB101, is known to be useful for recombinant production and s
avaiiablé for therapeutic protsin production processes. Examples of a Pseudomonas
expression system include the system available from The Dow Chemical Compaﬁy as a host
strain (Midland, MI available on the World Wide Web at dow.com). TU.S. Patent Nos.
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Reconbi nant host cells are typically cultured in liquid nmedium
containing assirnilatable sources of carbon, nitrogen, and inorganic
salts and, optionally, containing vitanm ns, am no acids, growh
factors, and ot her proteinaceous culture supplenments known to those of
ordinary skill in the art. Liquid nedia for culture of host cells may
optionally contain antibiotics or anti-firngals to prevent the growh
of undesitahl e m croorgani sns and/ or conpounds including. but not
limited f%gggﬁ@?ﬁ&%tics'to. select for host cells c&ﬁ?gﬁﬁﬁﬂ@¥¥Wb
expression vector. [1371 Reconbi nant host cells may be cultured in batch
or cont4,75uEgs ¢ho riEaps00, Wiidh areiitdogrortel by hdsres thetrrin, (dewvribh ehecasasiwher e

t he pol ypeptide of interest ac | ates, intracellularly) or harvesting
of cul t%?@%b@*ﬁ@é?ﬁal?oﬁtC@ﬁ?‘l’éﬁ%ﬁ’%’ﬁ“@?‘ continuous formats. For
product | in prokaryoti¢c host cells, hatch culture and cell harvest are
pref er &Pl SEL mré%@qgnt[%fgiﬂ%sg%gﬁrbe@&fgﬁ isg}?d flﬁ’e ht BERREION

i nvent i QRst@%¥PRAGhebh tBENRY iifio SRARRL bARERVRIK cdlfs wil SleirthePc@SyRRet i C
machi nery. For exa , a selector codon includes, g., a unique three

xanpl e . e. )
base codbfuch foisbidh Bederrmbingeh had selk aan cis davivref ngtdad icagtiiens not
limte : ; ; A; e 1:.0nAl on
(UG e Bprit o BRRho BAAGH fotpide BN © 00 Be sBim AR 0T RHCT
or t he it heaart, Kemuethel ofohlhge bEbe orcocbideridiostaneliseain mill bel dependenhonthe

desired r |yt rucl i de, . . [ t hree
or nor éj,a e?gf%ffgérféﬁlgﬁ %ﬁ%@n@gﬁcrﬁ%@t i':h_e ? %gtlgé?%%gosli %%/@I \%ecgﬁéﬁﬂ%te of a
sel ect dmwsic etlgns takamoirsally silped ooy méthedst thet ianc avglokadwiorio ofhe aarsel ect ed
~am no id.e. qg. n.unnatural, amno, acid,..in vivo. . For exan . an

0t Ra el g PR iy RLRRL 3 alg et Samalore SHPREY! ot ed
by, an oG o dafbod, Sebeal @d st @itk dnd, Thiisnaly,t A ARliiseeagni zed by
the naturall 44 WD 2006/ 068802, PCT/ US20051043603  occurring host's
ani noacd§1ds1 B YRGS REST DIBTRIPARROPG (PP | RRIGIRTIET £8P it dBSRed s can

be usedydifary HdIPRUES atthe TSP needOBr atinkder bdi @elf mhPlbpf@Slly icBniin
pol ypeptide of interest. See, Sayers, JR, et at, (1988); 5 -3

de . ; e.g., . . |
Exonucla@igiatdcs ar prbEmel & mostiehs el of riisniabice siqersaissc iddpr
mut agerb%ﬁ*{p&nd@ﬂ%éh@ﬁ%, A& 85 13884 14 Gt Bidsd0R- se bR hh& LHRPmtalind and
the nuclerc acid that encodes a polypeptide of iInterest are conbined,
e.g., |IVPWPEYE) veche sel ected amino acid is incorporated in response to
the stop codon to give a pol ypeptide containing the selected am no
acid, diyl, anReenvzningehhoshsflifomat bel cullired Webadpee pandungye fommatn withn  one

enbodi Rk abn {HEAEES OB IR W MSLARLEAUDN.HSAG.ES adusRlisal of

codon i s an anber co"don, UAG. a or an op: A. For exanpl e,
see SEGuireNduriy)eorflarvegingextmiiire supdinzgant @ e¥NA befshtor cedgoiszibsnas anber

codon, ot B8 Gion E o MR nodt LR b SXATRLE o Af naBRst are preferred.

SELBECTOR CODONS

: [138] Selector codons of the present invention sxpand the genetic codon famework of _
protein biosynthetic machinery. For example, a selector codon .includes, &.g., & umigque three
base codon, & nonsense codon, such as a stop codon, including but not limited to, an amber
codon {JAG), an ochre codon, or an opal c.odon (UGA), an unnatural codon, a four base (or
more) codor, arare codon, or the like, A number of selector codons can be introduced inio a

desired gene or polynucleotide, e.g., one or more, two or more, three or more, sic.

[1393 In one embodiment, the methods involve the use of a selector codon that is a stop
coden for the incorporation of a selected amino acid, e.g., an unnatural amino acid, in vivo.
For example, an O-{RNA is produced that recognizes the stop codon and is aminoacylated by
an O-RS with a selected amino acid. This O-fRNA is mot recognized by the naturally
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e

Tt r anscrP@ BAf WRickisie swstaRundaeitiermigagion giggal.  Kowal and O iver, Nucl.

Ot RNA that recogni zes an opal codon, A genetic code in which IJAG and
UGA are both wused as a selector codon can encode 22 am no acids while
preserving the ochre nonsense codon, UAA, which is the nost abundant
term nation signal. 1140] The incorporation of selected am no acids,
e.g., unnatural amno acids, in vivo can he done w thout significant
perturbation of the host cell. For exanple in non-eukaryotic cells,
such as ichia colt, because the suppression efficiency for the UAG
codon dggég%}ﬁg%@n the conpetition between the Otmmséi.}“Q%‘st@he amber
suppressor tRNA, and the release factor 1 (RN) (which binds to the UAG
codon anchriiny fidsdt esinoeddaS¢A Ginhdigsegr Qubnigtioae fitd-dieckd amidghessisicaosone) ,

Lo oxPPEsSl B rEYB frie ek e G5 SR i BeBie AT (U8 ng an

RFt  defd Cigplrs StI@I Net 141 QURNY 03U3€  ERInkSleasBOCRUSR LIS SHPRE-888H ON
efficiency for the UAG codon depends upon the conpetition between the
O t RNAo ganycleotidgedingsd rusgpiissia JSesieis ARS Rahd 691 dlkatper il PEPelse
factor #®€aGmg atbi ﬁo"%&idctﬂat Qhébﬁs?s &golgpriﬁ@@eﬁ%% A0Goiiidal 8k e iw), ease of
the grow ng peptide fromthe ribos ), the suppression efiiciency can
be noduieageledicdymim gpid is huvrpordsi mgetphrseds pheegen exdoh v glve afoolpéA, e. g. ,
t he sup ar, t R 41].,Unnat ur al i.N0_agi an o _be encoded
withr éjfgréf%g% 5}%165.6 "’E@‘F m‘e]]%lgk%f[’eﬁ‘g é@awﬁg&%@& cﬁ‘?’%ﬁthgg%eg %ﬁ:? ra %%51 ﬁri‘igfn an in
vitro pnetmbelimymntcf dsipsestgdctehibon, kstopedédreeded tdhesclatoe coduds @i aebecodon,

AGG, has,pr to be efficgient. for insertion by .a synthetic t RNA
Ry at a0t A ebfon Faliiog Upd *fef B5SHe S sb el o A s

(1993) .of b OtdRING ’L@&l&?\ﬂ;gﬁiﬁ% anSYBEN@LE, JaRNA SEIENES: MWoi in &mﬁmﬁuﬁ ally
occurri t rg, which exists as a m nor. , specl n E nerjcni a
coll.’ ém%ﬁ%ﬁ‘ﬁ%ﬁ&nﬁﬁ Qe ot |EoRFC SOt mc‘glﬁ%ﬁidﬁ’?dﬁﬁé s‘“Ff‘g{‘Rig codon
AGA | n yMaCE:0n 606 Scolitt BdhSenbdd: IreRhintabidh Z@6e fp@d’seﬂfﬁgené b&dke Rfns@tno ¢
acids in_anin vitro 45 WD 2 00 610 6 8 80 2 PC 1t 7S20051043603

Acid, Res., 25:4685 (1997) Corr(gonents,of t he present, inyention can be
gener atlilt o ubkr PREREde ¢ sElseish iR aciisy g, prnetyal SERL AGES BbEdhs al so

conpri 6, X 8RAGEOFRRFoanheBurbaf RUSF 1R hd¥BFR, BRS BrBRH0R Sion--BMEIHHRS
four, five, six or nore base codons. Exanples of four base codons

i ncl udeshutsudy as Baefteriphien coBdbasause AbAaurrouncn “Oramey doche HAE twenl i ke,
Exanpl bis bhEmbass BSwebd Gk YlEnbAL e AT 6 BObed il E&L: Fua, AFPAC.
cood), B RERO AT P e R o 8] B gl B8O B AR e
usi ng ek releasdraadoid hiadid binds fo theBldii ¢codo pprisitigicorsicaserddre wowiBr e base
codons i I : e _or fLgpl e W) cLds..4ncluding
comons Bl B35kt gofl e B Ul Ry3PlEch A ALAPLECLIS gl 10
exanpl encreasing Hbe prmseivadeed of O-RINA, e.g., the suppressor tRNA, or using an RF1

deficient strain. Tn eukaryotic cells, because the suppression efficiency for the UAG codon

depends upon. the competition between the O-tRNA, e.g., the amber suppresdor tRNA, and a

eukaryotic release factor {e.g., eRF) (which binds to a stop codon and initiates release of the

growing peptide from the ribosome), the suppression efficiency can be modulated by, e.g.,

increasing the expression level of O-tRNA, e.g,, the suppressor fRNA.

[141] Unnatural amino acids can also be encoded with rare codons. For example, when
the arginine concenfration in an in viire protein synthesis reaction is reduced, the rare
arginine codon, AGQG, has proven to be efficient for inserlion of Ala by a synthetic (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 IRWNAArg, which exists as a minor
gpecies in Escherichia coli. Some organisms do not use all iriplet codons. An unassigned

codon AGA in Micrococcus hutzus has been utilized for insertion of amino acids in an in vitro
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mutated O-tRNA's, e.g., a special franme-shift suppressor tRNA's, with
anticodon loops, e.g., wth a CU X" XXKAA sequence (where re --1), the
four or nore base co don is read as single amne acid. For exanple, see
SEQ I D NGs.: 6,12 from PCTf US04/ 22061 for Ot'RNA's that recognize a
four base codon. In other enbodi nents, the anticodon |oops can decode,
e.g., at least a four-base codon, at |east a five-base codon, or at

| east a Siy%- don or nmore. Since there are 256 i bl ur - base
codons, n&@ﬁ@%ﬁ%mﬁﬁnatural am no acids can be encode%@ﬁ%im%ﬁgmégne cel
using a four or nore base codon. See, Anderson at al., (2002) Ezploring
the LimimksipityCodatiomezinsht iSeodon Bhed, anGh@hivest NyclaAdidBRes. 054635

9: 237- 244. liery, 01 andi n he Ceneti ¢ Cade: Sel ection of

i 1101 onlt RS ITGR At HREL e bR S PR AT PR
"SMty"vilaur - base Codons with a Library Approach in Escherichia coil, L
Mel. Biol. 307:755-769, (143J For exanple, four-base codons have been

ES ed t oiéimcor pgﬂﬁd’sﬁr deanat doadonpbextended elglohd)g,, gibﬂtc@inftﬁe bk ReddnB, Vitro

i osynthetic nmethods. See, e.g.,, Ma et at, 99 " Bi,ochem stry,
32: 79395 AN fBHEEK 8 4F RIS Das¢ 951505 B Ogﬁ’@ﬁ%a%@ﬁorm@% oSG and
AGGU wesid u$edd ActiAUTA0eONSIAY dCatLRONBR: 2ERARNEIW BlaNiNBdaRd an
NBD derjvative of |ysine into streptavidin in vitrowith two chemcally

acy| at e@pdeding awinpt Lislighipe8 SHAG REERU CCUBKe CLEAGA., CHpREak4GHC ard
(1999) e BN ARBNR w0 el histhElRMhudddoolnd okl ¥R Sbllhi sfLGonal at
ed the ability t Leu~de h NCUA anti

exan n 0 N rlvatl\{es W tr . ‘C ons to
suppr esBour PAGN: bewendong Rackrerh e glpngor rodiige sdjciedamdnd eigsdincinding biie

uadru : ' C \ i I W th
et 11 55 drcarD, 65npS sy AR P AL E, 0l ReBo LR PR ERERR T
See, Moorigted O-RINA's,(c20,003pediaNbdmesBitahppre @GR IIBs, with amiieodor Mdapsicnpnt |
ext ended..co on_rar ations .ar. nonsense codons ¢ be used in
26 W0 206ET DERRba PRt 33T 1R e OF SR Ghnf BRSOt
m ssensanineadd. Foougd@e ded FROES Mkt 6s1fpfme FENAFE0412206 hiar O-iRhAdnheid
sites. 1144) Faqr iven st.e el ect.or codon,can al so include one
of the Faten bl <ot S St ePodute i tRiRn 1R ed Saderbatos Tnot
use ( Orleﬁsﬁ% Suy-baks @Sdon| MQeatitd fifeasdRgen, oe Bident & fRbaRXadR @ mdré)i Snéancl udes
a systemt hat

s lacking.at t hat. recogni zes. t he_pat ural hr ee base
Codon, - /0 23 TySHle s ccoRR, Pl DESEC SRUR P40 236 COHbR [ 1451
Sel ect Ofhe GRAORS @Rk 003 bYmbRWab@duN NSl hakieRASR aRAIZS2) AbBRSAg WnNat ur al
base pairs further expand the existing genetic al phabet. One éxtra base
pai 1| NS Eaiatan ferdon e BTG SutBikm i 644 Oleisy, H00Ber t i os
of thi rﬁ?ﬂﬁmg RRi Pk EbdidesSd-abl &F %flgze%ﬁdkﬁﬁe%s\ﬁ% qf@%ﬁb&é' &8s and

ef ficient enzymatic I ncorporation’i high fidelity by a
pol yner &ewification of “Shifty” Four-base Codons with a Library Approach in Escherichia coli, J.

Mel. Biol. 307: 755-763,

[143] For example, four-base codons have been used to incorporate wnnatural amine

—r

acids into proteins using in vitro Bios;jntheﬁc methods, Sez, eg, Ma ot al, (1993)
Biochemistry, 32:7939; and Hohsaka ot al., (1999} J. Am. Chem. Soc., 121:34, CGGG and

AGGU were used to simultanecusly incorporate 2-naphthylalanine and an NBD derivative of

lysine into streptavidin i vitro with fwo chemically acylated frameshift suppressor tRINA’s.
See, ¢.g., Hobsaka ef al., (1999) 1. Am. Chem, Soc., 121:12194. In an in vivo study, Moore
et al. examined the ability of {tRNATeu derivatives with NCUA anficodons fo suppress
UAGN codons (N can be U, A, G, or C), and found that the quadruplet UAGA can be
decoded by a tRINALen with 2 UCUA anticodon with an efficiency of 13 to 26% with litile
decoding m the 0 or -1 ﬁ'ame.. See, Moore et al,, (2000) J. Mol. Biol., 298:195, In one

embodiment, extended codons based on rare codons or nonsense codons can be used in
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and the efficient continued primer extension after synthesis of the
nascent unnatural base pair. Descriptions of unnatural base pairs which
can be adapted for nethods and conpositions include, e.g., Hrao, et

al ., (2002) An unnatural base pair for incorporating am no acid
anal ogues into protein, Nature Biotechnol ogy, 20:177-182. See, also, Wi,
"Y., at al., (2002) 3. Am Chem Soc. 124:14626-14630. O her rel evant

publ i cat MSh&0EI850¢ | st ed bel ow. [146] For in vivo us&GEUSHHELEHhat ur al
nucl eosi de i s nmenbrane perneable and is phosphorylated to forumthe

corr espRBMAY WifidtP BAS RRALCmihthe 84 dii- S &ﬂaeﬁklﬂ&hﬁ“?%rﬁﬁ&?fat Gther

information Is stable and not destroyed by cellular enzynmes, Previous
ef f ort snwgt@eaiver and ot hers took advantage of hydrogen bondi ng
patterns that are different fromthose in canonical Wtson-Crick pairs,
t he noét4dhot evﬁmtahgivm(sa'nipmea@ﬂem ghioh sait hleo irabt-de:ensof @aptatmrai gew, e.g.,

a1 ChoBopPhas ubb® e sVl GV 988Gy o PRy ARG SR T 6o,

The n: balwas Fone:gepkl ms mnhﬁtaaa Bystem heirielackiegn ﬁmmmm en@gnwaaﬂxe hases and
cannot _be .cnzyznat | repl.i co- wor ers denonstrated
that h{f&f o}ﬁ’ﬁ%%q n’ﬁﬁ Zh steRidte %{1? g‘ﬁ?}%‘ﬁ%ﬁﬁﬁ/ﬁ%‘bﬁ PHE EY 0(‘}an repI ace

P oggle P15 S VS, LR, BRSE PO SESielly (2000

Chet n. phifd furthst cxFi@ ke Rstin §é1'éuc kiphavat. ebde0ditra bse pd@wr@@esaﬁb luﬁvzbai ur al
base palr satisfying all t above requirenents, ultz, Ronesberg and

co- wor REFDIH 894018 JoietfeiP; 1@§| Pyopsifise REdRId dascargs m}ﬂp é@bia g eV f
unnat upak, Mﬁg%ﬁa@m %wy%ﬁ@ ﬁmmﬁom%z%d%ﬁﬁ @@1 ﬁlgp ﬁ!ie,rimr Sy § pupdedhg, be nore

stabl e than natural base pairs, and can firciently 1 ncor porat ed
i nto Dr hy elicembiontinugg nmmsr wienpon h%qrnsmﬁh@scgé rhle neNeetpohawel skt (1 GF)

See. ol ol pa L1288t O S FSaod Bl Sonind oot

synt hegichsd, by., KFranj tthal., AZ00NDA2006GLQ68 02 P@fbtﬁ%@ﬁbﬁm%@@moe&cw ci ency

and selet|V|t, suf.f.i nt .f bi,ol o tiQn, «oe .. awa ct
by ko Rt o BB EE DRI LR B S, Bl onbFace,

chal n tI ekl ﬁm@o&.qezzﬂmml@w r@ptrrelatanOpublifetivnd astistBNfelpel yner ase has

been recently evolved that can be used to replicate the PICS self pai r.

I( n ad;:li[ldﬁﬂ)n afctAln sied fusfpel theC@mataenl rrezp]ebsici&i &dmeilﬁle@ne @e:gmablﬁ'l’aﬁd at aI
2001 123: 7439, . ve ohase

has al & OSBQ%ﬁla%éeefwab CORFPRHIRE ] O%E@ﬁatw & %ﬁnp %&daﬁp %wag cu( p)
See, Magg@fSiofls bio anl 200Qbrdked B RellulLROMM DAL eviohs SR bl BenBRGaUS e

ext ended codaons, and unnatural cqdons are intrinsically orthogagnal to

nat ur aPTeBdeHsadvaKasep iyberen Sendingpaicrs dhiat are qiEsrent BRmchgse thleEoHE ant age
of _ hi SyacRiQpet il & ARAPEAL Sordl ! RAEADRE wh BNASL 6 HiBEDRAL14) o4,

transl ati onal bypassing system can be used to incorporate a
sel ect SwiEes ¢fopl, (1989) I Aw. Chem. Soc., 111:8322; and Piccirilli et al., (1990) Naturs,
343:33; Kool, (2000} Cwir. Opin, Chem. Biol., 4:602. These bases in general mispair to soms C

degres wifth natural bases and caomot be epzymatically replicated. Kool and co-workers

demonstrated thet hydrophobic packing interactions between bases can replace hydrogen
bonding to drive the formation of base pafr. See, Kool, (2000) Curr. QOpin. Chem. Biol,
4:602; and Guckian and Xool, (1598) Angew. Chep. Int, Bd. Engl., 36, 2825. In an effort to

develop an tmnatural base pair satisfying all the above requirements, Schultz, Romesberg and

co~workers have systematically synthesized and sfudied a series of wanatural 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
T(KF). See eg., McMinn et al., (1999) J. Am. Chern. Soc., 121:11585-6; and Ogawa et al.,
{2000) J. Am, Chem. Soc., 122:3274, A 3MN:3MN self-pair can be synthesized by XF with
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acid, e.g,, an unnatural amno acid, in a desired polypeptide. In a
transl ati onal bypassing system a |arge sequence is inserted into a
gene but is not translated into protein. The sequence contains a
structure that serves as a our to induce the ribosone to hop over the
sequence and resune transl ati on downstream of the insertion. SELECTED
AND UNNATURAL AM NO ACI DS [ 1481 As used herein, a selected amno acid
refers to any desired naturally occurring amno acid or unnatural am no
aci d. A naBPHEIM3ECbccurring am no acid includes any ¥RUGHOSEIES t went y
genetical ly encoded al pha-anino acids: alanine, arginine, asparagine,
aspart | oty y%d%mﬁ;tg@ufﬁagﬂtf&rﬂiﬂs ofl sl Coacd £ ol e, ooy di ne.

i sol euci ne, Teucine I ne, net ron| ne, enyI atanfne, profin :
serine, ﬁm@gm ﬁﬁ@&&ﬂéprﬂéwevmyr’o@& h@es afal dsree chaim tapminstoe fnBirirent ;. t he

ort pC PRS2 blluded ThRE RSLALEHad BIR B SHOM BN BEL I8 18 1
gLyen, SmpRalohe @ﬁfm‘?li‘??rergﬁmm’ ggﬁ‘?‘*e%g% ahlveanivayd! Ste agoTeent
sl oot oft-CBURTL B SEREl. DSt vb et e it O %sgﬂeéﬁeﬂ
sel ect OfcieRAanuRh iRl Gty 09 2644 MogReyar oAy vaR,

sel ect or reat er than about ef fici en@gl for given
Oy

sel ect oﬂ_%m 189 18T 14gr Beseese %ﬁa@#dawéms GYoRERGEH £ ﬁaiecm%lyalhbr a
gi ven sghp g&%ﬁ tCRRAR coh(é'égdwﬁéf%l r@éeﬂb ‘f'f’%tﬂin DALl A QQJf A d
refers to any am no aci I ed no acl am no acid ana ogue
ot her tpmmmﬂbgmwmréwgelahﬁwmrfomvmol ysine and the follow ng twenty
genetically encoded al pha-am no aci ds; al ani ne, arginine, asparagine,
aspartiB4dci d, ﬁcvsishﬁm}bzgiaMrWﬂm cghalscaim wedivitbonghajet sedseiskiagtindgi ne,
|soIeUC|n IeUC| e 48 . 2005

met hi oni r]‘lt‘13 o g{Thaennm Tméal aﬁmm %}féé) I %%gggﬁoﬁglp Ldﬁr (eigrﬁjigaéeiﬁgpmal E%Daﬁsgﬁg

t yr osi neystexalal lja@e seqieRcg Bnatdried $ito ucpare dubfis ast Wnplhmdammnﬂotmnl dThes

illustrated by E 11501 11501 tural no a

{ypi cal FSICHE CRUPGE bGP SRS, Tt 5 RGP R 1P Py
subst i t sgidncetdtRbsintanndtndsetstiean bhthetiive@niby. natural am no acids. See,
e.g., Biochemstry by L. Stryer, 3rd ed. 1988, Freenman and Conpany, New
York, for structures of the twenty natural am no acids. Note that, the

unnatur%memwmﬁmgmcmS\/entl on can be naturally .
Qocur { | dpEoTPounsy ALhGT » Lhan.d! hed vaRlua pA; D0 ACLAS ahos, | [ 1511

Because unnat ura &M No- aci resent "I nven
di ffer &mamacithe unadiurlbdmiantdnid acuadsalbmqwmmg mim@w@idﬁmludss anﬁ onehef si de

chain, %hgetwlérr&yagteggtl%laﬂj? g}m%gecfi %{iaﬁjﬁaﬂcli% Toids: alanine, arginine, asparagine, aspartic

acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine,
metiionine, phenylalamine, proline, serive, threonine, tryptophan, tyresine, valine, In one
embodiment, the selected amino acid is incorporated into a growing polypeptide chain with
J high fidelity, e.g, at greater than about 70% efficiency for given selector codon, at greater
than 75% efficiency for a given sclector codon, at groater than about 80% efficiency for a
given selector codomn, at greater than aboui 85% efficiency for a given selector codon, at
grester than about 90% efficiency for a given selector codon, at greater than about 95%
efficiency for a given selecter codon, or at greater than about 9% or more efficiency for a

given selector codon,

[149] As used herein, an vmmatural amino acid refers to any amino acid, modified
amino acid, or amino acid analogne other than selenocysteine and/or pyrrolysine and the
following twenty genetically encoded alpha-amino acids: alanine, arginine, asparagine,

aspartic acid, cystsine, glutamine, glutamic acid, glycine, histidine, isoleucine, leucine,
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am de bonds with other amno acids, including but not limted to,
natural or unnatural, in the same manner in which they are forned in
naturally occurring proteins. However, the unnatural am no acids have
side chain groups that distinguish thern fromthe natural am no acids.

For exanple, Rin Formula | may conprise an alkyl-, aryl-, aryl-, keto-,
azi do-, hydroxyl-, hydrazine, cyan-, halo-, hydrazide, allrenyl,
al kyn], eWﬁéPGGfﬁﬁﬂﬁP?ol sel eno-, sulonyl- , borate, bor@ER2e/04kEspho,

phosphono, phosphene, heter ocycl ic, crone, imne, aldehyde, ester,

t hi oaci h AN d t

t her eof%me Wﬂﬁ%ﬁ?'ﬂﬁgtﬁﬁl y95°§‘§€r?‘3|£1§§ ng%&ﬁ%e, ac rp ?C@XI nc u%lg@ Jgglgb are not
| i m t ed’he genesnbimotae piops ddwpring asi iailluphadtddgcidwaleabl e cross-1i nker,

spi n-1abel ed am no acids, fluorescent am no acids, metal binding am no
aci ds, netal -contafning am no acids, radioactive am no acids, am no
acids with novel frnttional groups, am no acids that covalently or
noncoval ently interact with other nolecules, photocaged and/ or

phot oi soneri zabl e am no acids, am no acids conprising biotin or a

bi oti n anal ogue, gl ycasyT at edsam no aci ds such as a sugar substituted
serene, other carbohydrate nodified am no acids, keto-containing am no

aci ds, [#80]n0 aghanCeANSd AG ispRlivel ) snenet Mﬁ@ig BfpRITyichel the heavy
atom supstituted am.no acjds, chem cal I}/ cl eavabl ? and/ or

phot oc e S8 S0y s gt qlieer Ui, o vsgditp Lo ivemy aat Bﬁﬁﬁt%ﬁssﬁ%eg‘mal ns as

conpar eflodnemisBabi Labir@e mdapga@smeﬁaﬁi eI e, NRE YhidcMiok &€lchu@ss of
pol yet hers or g{gﬁg chai n, hydrocarbons, inclu @ﬁl% but not limted to,
aB )

gr eat erh FEAL, Airgracigp P TR A hike peghERePP nked

sugar - Conb&h Bl &LRRg BGhdemdd &aﬁ%e'i%@mgmgﬂélﬂﬁio@&ds %80 thioacid
containing 49 20067 06 02 PCTJUS3005/ 04 3 amno acids, and am no:}

aci ds GE$@ri Si R&ARSHOfnddRES h@ &1 dg%'fﬁ{ebresgﬁeimﬁh&i?grpiéalﬁx diRat Sk
Application Publications 20010082575 and 2003/ 0108&85, which are

i ncor pékeresmalsying sidsoalde thestmaetre of fhaaida chain. e FoaET aginpagidniave a

POt oAk VAR i b8 i hoif i:fiftng vt ndiB8fted &, Gatural B b Mo PO €1 1 T
a solid support. unatura am no acids nay have a saceharl nol ety

at t achegue onanher anivhish atbw az@u wenghin patwpis 2peurmng ghitihso n Howstenn&e ur al

am no ' g ds al so
opti ona %&c%mplr”?%gﬂgn%éi fed %%c%%%ngﬂg?r‘ uﬁ%ﬁg@l}lﬂge&.%ig%ﬁigg& ]% usi%Lr ated by
the stauiis.urfes epdrofarRnih FoBbuladdndyl ¢umphisRac 20:y1-Yetylf beylRkRo-, azido-,

hydroxyl-, hydrazine, cyano-, halo-, hydrazide, alkenyl, alkyn!, ether, thiol, seleno-, sulfonyl-

, borate, boronate, phospho, phosphono, phosphine, heterocyclic, enone, imine, aidelyde,
ester, thicacid, hydroxylamine, amine, and the like, or any combination ﬂl&f&(}f.- Ofber non-
naturally occurring amvine acids inclade, but are not limited to, amino acids comprising 2
photoactivatable cross-linker, spin-labeled amino acids, fluorescent amino acids, metal
binding amino acids, metal-containing arainog acids, radicactive amino acids, amino acids
with novel fimetional groups, amino acids that covalently or noncovalently tuteract with other
molecules, photocaged and/or photoisomerizable amino acids, amino acids comprising biotin
or a biotin aualogue, glycosylated amino acids such as a sugar substitufed serine, other
carbohydrate modified amino acids, keto-containing amino acids, amine acids comprising
polyethylene ghycol or polysther, heavy atom substituied amino acids, chemically cleavable
and/or photocleavable amino acids, amino acids with an elongated side chaing as compared o
natural amino acids, Including but not Hmited to, polyethers or long chain hydfocarbons,
inclnding but not Iimited to, greater than about 5 or greater than about_ 10 carbons, carbon-

linked sugar-containing amino acids, redox-active amino acids, amino thivacid confaining
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HyNXCooH wherein Z typically conprises O-T, NHz, SH NHR, or 5-R; X
and Y, which can be the sane or different, typically conprise S or O,
and R and R, which are optionally the same or different, are typically
selected fromthe sanme |ist of constituents for the R group descri bed '
above for the unnatural am no acids having Fornula | as well as

hydr ogen. For exanple, unnatural am no acids may conprise substitutions
in the amino or carboxyl group as illustrated by Fornulas 11 and I1I1.
Unnat ur al vendoiaegset ds of this type include, but are AGUT/USAPFHINEH t o,

a- hydroxy acids, a-thioacids, a-am nothiocarboxylates, e.g., wth side

sy LSOO R BT Y O KR R 4y

opt i onalAlpylidaticd Uthblidatiors) 20&3#00&2%7—%&1311@&@3’»’&1@6% avhigho areamcds}o&tﬂdhbas

D-glutanmate al. ani.ne met hyl o |ne nopur yni .and t he .
e Eheiee Qe UPSieng) PPt 2 Y o Bbi PES e halR e Elch ae
prol i ueussdat. ggt@aﬁ}kazq;mahlm asolicbp M, Z&@ﬁm@ﬁaﬁ% #e{dE inda) 32005 40436@8 3, 4,

6, 7, 8, and 9 rrerrb ed ri nﬁép gl ne anal ogues, 3 and y am no acids such
as subsf‘ic‘feiﬁlf%ﬁc ﬁdt% 5{7 fitno butyric acid. [1531 Many unnat ural
anmn ci ds, .such _as. tyrosine,

am no a ds are b on natural

gl ut am pherﬁilagajﬁﬂ“t’L e wngEal Fanp pgids F%?i”ﬁé‘o‘é‘?%amﬁg‘é‘eﬁnﬁcwa@ml

par a- SUbSiotiulas dlisé Mﬁt@ﬁhlﬂﬁc%mpn@é fnbgﬁé&@a%kwdnu k@shtdnd, 03, A8 BiusedIsh BYEha
substituted tyr 05| nes, wherein the substituted tyr osine conprises a
ket o gré‘ﬂ‘i?u(f q%fgﬂ OHot limted to, an acetyl group), a beuzoyl _
group, an am no group, a hydrazine, an hydroxyam ne, a thinl group, a
carboxy group, an isopropyl group, a nethyl group, a Q- C20 straight
chain or branched hydrocarbon, a saturated or unsaturated hydrocarbon,
an. 0O- net hyl group, ol yether group, a nitro group, or the like, In
addi ti on, multiply substituted aryl rings are al so contenpl at ed.

d ut am ne anal ogs i ncl ude,)‘}L:t are not limted to, a-hydroxy

derivatives, y-substituted derivatives, cyclic derivatives, and am de
substituted gl utatnine desfva w Exanpl e phenyl al ani ne anal ogs
i ncl ude, but are not Ilnlted P para substituted phenyl al ani nes,
ort ho-substituted phenyalanlne4<§ and neta- substituted phenyl al ani nes,
wherein the substitutnt conprises a hydroxy group, a nethoxy group, a
nmet hyl group, an allyl group, an al dehyde, an azido, an iodo, -a brono, a
| ceto group (including but not [imted to, an acetyl group), or the
| i ke. Specific exangles of unnatural am no acids include, but are not
limted to, a p-ac | - L- phenyl al ani ne, a p-propargyl - phenyl al ani ne,
O nmet hyl -L-tyrosine, an L-3-(2-naphthyl)al anine, a
3- et hyl - phenyl al ani ne, Ran 4-allyl-L-tyrosine, a 4-propyl-L-tyrosine,
atri-Oacetyl-txlcll 1c553é€;ne, an L-Dopa, a fluorinated
phenyl al ani ne, an i sopr@pyl -tsghenyl al ani ne:, ap-azi do-L-phenyl al ani ne,
ap- acyl - '

wherein Z typically comprises OH, NH;, SH, NH-R/, or S-R'; X and Y, which can be the

J same or different, typically comprise S or O, and R and R!, which are optionajly' the same or
different, are typicelly selected fiom the same Hst of constituents for the R group descﬁbed
above for the unnatural amine acids having Formula T as well as hydrogen. For example,
vnnatural amino acids may comprise substifutions in the amino or carboxyl group as
Hlustrated by Forpwulas IT and I Unmatural amino acids of this type includs, but are not
limited to, o~hydroxy acids, o-thioacids, a-aminothiocarboxylates, ¢.g., with side chains
correspoﬁﬁing to the common twenty natural amino acids or unnatural side chains, In
addition, substifutions at the o-carbon optionally include L, D, or g-o~disubstituted amino
acids such as D-glutamate, D-alaniue, D-methyl-O-tyrosine, aminobutyric acid, and the like.

Other structural aliernatives include cyclic amino acids, such as proline analogues as wel{ as
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L- phenyl al ani ne, a p benzoyl - L-phenyl al ani ne, an L-phosphoserine, a
phosphonoseri ne, a phosphonotyrosine, a p-iodo-phenylal anine, a p

br onophenyl al ani ne, a p-am no-L- phenyl al ani ne, an

i sopropyl - L-phenyl al ani ne, and a p- propar gyl oxy- phenyl al ani ne, and the
| i ke. Exanples of structures of a variety of unnatural am no acids are
provided in, for exanple, WO 20021085923 entitled "I n vivo

i ncor por at WERMS0&Hnat ural ami no acids," which is i nEHFeIaPEEDY
reference Heroin. See also Kilok et at., (2002) Incorporation of azides

into regaonpinant ipy 8. RaesTolly 4 "
Staudlng%r’ |g§t%§n]ﬂ¢ﬁ%§%%ﬁg%§ﬂﬁfﬂam§1 §§¥§S]ncor%%%gﬁggggg%fgggrence
her ei n, p-akniadeidy-amab bugtihicdhhi e anal ogs. [154] A non natural am no
acid incorporated into a polypeptide at the am no term nus can be

conposed[igl] an Bigyoupeihhbimihs acityas st ioh wkinal emhﬁracidbl,amc}:ommml in

t he tment ral, amino acids a a, 2nd reactiye ferent from
the NT- | S g RRpPya Rt DTOHrE Gl oo CORUE PR ) A
simlar feR- sﬂ@étiﬁ{tai ty2ERE RS inthtLaBsiReed REORRAS ah@@!naﬁe suDditM€d BPos8610 688
02 PCTI US2005104360 t he carboxyl termnus with a 2n0. reacti've group

di f f er entOmFisHh & Ko exouy (ingogpp by 1ieb Hirdpd P 2p reRdrroph sdegfvhEobRi s {see
Formul a doing ggé%‘a 1aip@raaﬁm%%aﬂgxﬁmég@ aacﬁiaﬂgma% Y b&ba@v% b, BB

sel ected or ned to provi I'tiona ar act
in the taew: e ey Sbvam Go- o dwichi-chaie gahpsheied hydweatoomalk samiates erci d

or opor t | BeEPRLbSERbAD ok REb DR B\ A, R, PP 1,

exanpl e, addfienf ohltiphi smgstinpecbge‘f tiJilﬁsarﬁrrdyo bentoptliteh aliyenindiclogel ivjude,

i ncl usi on ,of an tur

bi odi st r Pt BhEREE] gy 1?? < SR t“f;?“‘g infled ‘Eet“ﬁ%}"e P““tlﬁ%éﬁ‘%%‘y sad
o]>c<i dat i ¥5ﬁn1dé elﬂisﬁﬁl&g(gﬁltimlne @m/ymbl Exz@hq;ger;a?:aﬂal@ﬁma atbeh helulié, ket arbaci ity
(0] puri .cat]j on an oce structura roperii ECtI‘OSCOpI C

ot oper t 1 BSed, b aReiea PR e B P PP R, PRaT G gy daos

acti vi t ysubkiegiex phelyRidnimb, wﬂ@dui el iBstinBi bdzﬁphswa he&6ly %ﬁ[h a0hE86x

. nol ecules, e.g., cova IentIIy noncoval ently, and the 156 The
St ruct ur BEURF et ETEpy AT Yhﬁ-‘ﬁ%@?éﬁ sl o ade a&r% a O RN o -

exanpl . (i@ 88 bPlimdd tolfh ekt 52, AReh 200150200 R el | o
"I'n vivo incorporation of "unnatural “am no acids whi i's incorporated

by ref er @pice dvdp dnpgludeTivet axaiepliayicarie wraoe‘rwéénphfmlab@mm Pt dYr any

way of Soldatg t

i nvent i gﬁﬂﬂ? 190016 a \Ilgﬁ Sggega?‘ lg%?%ﬂ&rﬁ a ama(r)\gﬂ%e?%%éﬁ? %gltne’lt

presents axa@dﬂi@llmamme A ttpﬂowlrmiwm&me,sa uh@tacdahﬁwmsﬁdlmpamﬁ@opa a

addi ti on? ﬁ ﬁ These m)d|I gtit&pﬁs can g Eﬁl Vi Vvo |n1a

eukar yot ‘é”élF B8 o THE PO, eﬁ%“az‘%ﬁé’ AP R

embodi meppBenylah@ine, 2 p~benzoyl-i,-ph011ylalanine, an L-phosphoserine, a phosphonoserine, a

phosphonotyrogine, a p-iodo-phenylalanine, a p-b}romophenylalanim, a p-amine-L-
phenylalanine, an isopropyi-L-phenylalanine, and a p-propargyloxy-phenylalanine, and the
like, Examples of structures of a varisty of unnatural amino acids are provided in, for
example, WO 2002/085923 entitled “In vivo incorparation of unnatural amino acids,” which
is incorporated by reference lierein. See also Kiick et al,, (2002) ncorporation of azides into
recombinemt proteins for chemeselective modification by the Staudinger ligotion, PNAS

99:19-24, which is incorporated by reference hevein, for additional methionine analogs.

154} A non-natnral amino acid incorporated into a polypeptide at the amino terminus
can, be composed of an R group that is any substituent other than one used in the twenty
natural amino acids and a 2™ reactive groxp different from the NEp group normalty present

in o-sming acids (see Formula T). A similar non-natural amino acid can be incorporated at
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post-translational nodification is through the unnatural am no acid. Au
unnatural amno acid in a polypeptide may be used to attach anot her

nol ecul e to the pol ypeptide, including but not I|imted to, a | abel, a
dye, a polymer, a water-soluble polyner, a derivative of polyethyl ene
gl ycol, a photocrosslinker, a radionuclide, a cytotoxic conmpound, a
drug, an affinity label, a photoaftinity |abel, a reactive conpound, a
resin, a second protein or polypeptide or polypeptide anal og, an

ant i body B%V%%%ﬁﬁgby fragnment, a metal chelator, a cREHAELENS04EF atty
acid, a carbohydrate, a polynucleotide, a DNA, a RNA, an anti sense
polynu r 4uél

Cycl odert i SR B ary bonuar ) S ey RS Bone oty
nanoparireehian cengpi awidsddpe Formanld Duor ophore, a netal containing noiety, a
radi oactive noiety, a novel functional group, a group that covalently or -
noncovalligft | y IhmhamamMSﬁMhﬁhwbhhﬁﬂhﬂhh@ﬁﬁhemay@epﬁbﬁa@agewﬁguﬂeby an

o der | R TOR GRS BTl e B oRE ey SRV 2G0W o8B0z
YCT1t 152@&51‘51%5@@3%@ rm:agrmmbptﬁdnamy aeéﬁgﬁ&yoat adelenied Ao ChdifyC itk | Bolekiedvabl e
group, a photocl eavabl e group el ongat ed ?j{ e chain, a carbon-1inked

sugar, MOk 3GHPHE: afe o élﬁhéﬁ?ynﬁe t“{*ﬁoéﬁi’éqt Qr eme, hepfolpyingan
i sot opl ﬁ@;&éf%,s P%b %ﬁlo'ﬁ&’l‘lﬁhb’dtﬁ@d B BehMS @pdn REAREI 1BinP QS RIPE sz%fe%mt

group chem [ur ni nescent gr oup, an el ectron denseéglr oup magneti c

gr oup., ’faﬁcﬁﬁh pisdisaivaiion, golgh By pstability chg-Ghepish hEdrolybc.curidetye, t%&ﬁéﬁ’@o ag ent,
bi ol d |
a bl o Oﬁ%ﬁﬁ%ﬂcydﬁ?fl&bﬁcﬁ% ag8"he 1fke! %{rcﬂg% ?@Cﬁﬁ%% afil gﬁﬁésﬁe - Rekke

quant um anotransmtt er, I nati on ove or any
ot her piezwtimbbwcwnqwummp@mesuﬁgmmb@;ldfelomﬁ@mgsahpmcmﬂﬁ qa@amcl ve

9roup {9k, LSRR LoBGy WINALULR, ATLIG 6} dsSOMPILRLNG 2 LKk goct T ve

bup u ihg MRen stry ordi nary
shll |ﬂmﬁ$WMmmmaﬁ®&EEMSU|table for the particul ar reactlve gr oups.
(158] For exanple, the post-translational nodification can be through a
nucl eopfigéli c- é‘heﬂﬂm‘m&ﬂsief i garfeactunormiraMasine p@dctrt prosided i Smickamplsed f or

t he sel ctiv on t.el i nyol v coval ent bond. forJmati on
bot weer UG Sbpi Fi-dOakt 01 48 vt Rog0p e e S Reb SRR ng. bt
not | i nirkgidral Qminb&zoi’d@a@ﬂimhmsﬁﬁco@pordlﬁ pkaffeaes hatcdl) The tiadiphe a@dfn@tySt ei ne
side chains, Selectivity in these cases is_deter ned%}t\)}ét e nunber and
accessi B9 oype Spmitgdn any RN ©iisdhat gz ke pHAcho 3R o theesERlot ei ns

of the jfagption, other nore selective reactions can be used such as
the reaction of an unnatural |ceto-amno acid with hydrazi des or

am nooxmsﬂo npoyrd advahtagé/e)ft dnQurdfidral Budib \MGid iSBES it BreBenis 490f10hA Rheagbaat -
(1996) J. Che Soc., 118;8150-8151; Mahal, et at., (1997) Sci ence

276: 1121901@1%@?\%@3 usgq toypdd, aﬂé@@@iyml@é#eén&esg gpifpaioeem thiale &t al |

(2002) hvo £ f3S/Nic S0Gon-chify IR Gud 02 mﬁ?@' Tt @é:eam et ddehtsPRRC
Nat|. Acad. Set., 99:11020-11024; Wang 03) Proo. Nat I Acad.
Sci., post ~translational modification is through the mmatmal ammo aci A;n winatural amino acid

J in a polypeptide may be used to attach another molecule to the polypeptide, including but not
timited to, a label, a dye, a palymer, a water-soluble polymer, a derivative of polyethylens
glycol, a pllotooresslinker; a radionuelide, a cylotoxic compownd, a drug, an affinity label, a
photoaffinity label, & reactive compound; a resin, a sscond protein or polypeptide or
polypeptide ansalog, an aptibody or antibody fragment, 2 metal chelator, a cofactor, a fatty
acid, a carboliydrate, a polynucleotide, a DNA, a RNA, an antisense polymcleotide, a-
saccharide, a water-soluble dendrimer, & oyclodexirin, en inhibitory honuclelc acid, a
biomaterial, 2 nanoparticls, & spin lebel, a fluorophore, & metal-containing moiety, 2
tadioactive moiety, a novel functional group, a group that covalently or noncovalenily
interacts with other molecules, a photocaged moiety, an actinic radiation excifable moisty, a

photoisomeriiable moiety, biotin, a derivative of biotin, a biotin analogue, a moiety
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100: 56- 61; Zbang, et at., (2003) Biochem stry, 42:6735-6746; and, Chin,
at at., (2003) Science, 301:964-7, all of which are incorporated by
reference herein. This allows the selective labeling of virtually any
protein wth a host of reagents including iluorophores, crosslinking
agents, saccharide derivatives and cytotoxic nol ecul es. See also, U.S.
Patent No. 6,927,042 entitled "d ycoprotein synthesis,” which is

i ncor por aV8AVIYSHEF er ence herein. Post transl ati onafCHBHRIEAE ons,
including but not limted to, through an azido am no acid, can al 0
made t hieughatihe aStsauﬂlaftggra bhgatdlenciéavigt wedupg abpﬁeimiavdbllerrgioepi 0, with
triaryl phosphi ne reagents)

Flick et al
| ncor poFSREA B ifed “arbitl “?(F‘gé%l&ﬁéqﬂ"{‘aﬁ?’fﬁ@?ﬁsaﬁ W&#@P‘%ﬁ%éff% ive

modi fi ¢ s 100 &oidtd, Ot BNARbe, 99 vk cor
2006106%%0 P‘&QC}I/'i %S%Cﬁg?%g fof ty emc}gﬁ%'s1 S rtt?\e5| sgsgi%ﬁ%at réall\gl

Aci ds [mmlwwoeahﬁam ﬁaplefafﬁnrﬂ@nsa@rcalﬁ, amégr@mmlaamtvcwmgww e.g.

fromSi i of LMD
51 osci ool fied i ke Hang@igtar ABoiopiofly oV AROE AR S AR
Those t hafecaleea qumzmomtea @mazitmgsnatiaj 0ra331ye:mnamtmpoﬁ iba abtbvy: ca;yinr hidsi zed as

d d di
S 11 T Aot PpBbut b RS B e 8 e ek BT 3t g QT

Cheni st nydahioyt &zﬁeﬁaﬁhdﬂmprﬁh]@ al:%ﬂ&enﬁﬂeﬂgro(lﬁ uﬂ&&;cgh Seaixng Iﬂghddblﬂgy tr]]:tw( | Ihar (cji
G ant Pt ss Bost o vanc em st a Mar c Thi r
S omis I78HBD SHeobg ey S S 66 rEle M T S P

Chem str Car and S ndber Third E tlon Part s and 1990,
o omum aby. R s aaftrt?aaﬁaﬁwnﬂwf e PD b BroEeh f A pRBI

synt hes b@ct&fpmhunﬂaaiuuﬁ al vagl RectRGE ASrbde! BEE, fof 1 sciddBv2 QRLUDBRI2 3f
entitled "In vivo | ncoe@Eoratl on of Unnatural Am no Acids:" Matsouul cas!

et al ., byigesivalviseraleshaprd oggationebbversomelergiilis and éacﬁoafnﬂiélrﬁpaﬁ@ A A.
1949

(1049) b Rt PALRE SR L LARE (BN ol e BBOM SRR oy Bl | ©
Fri edmaside €hdis. @eﬁq‘aﬁmnjthase E&seﬁ m%@}mﬁymbﬁéslmrﬁm m%racmmbmesafdhe

d utainihe a ar And- Tupor. Al Ann, em Soc.
o1 3705hgeRBnl e R ohd Bt % ERS W, PBRLR, afer s g B ¢ e

Enant i ormeifsis 0dn W&L@hd orh aéthe reaction of an unnatural keto-amine acid with hydrazides or

15 (0 S e e e ¢

(1991) Gbbif arggise- samalmamg%tazs B@B@@d@he,%uuwkmr 3 S, B 4L, (Foo1Med.
Chem 26, 201-5:  Kosl & Rap port él%%(; ;&M\f‘nt he5| S of
4- Subst SESIEPRHSFOAELE o ebn@B? é@f* He: Acild

Anal OQUS.@OOZ}'LPIGQ\IEﬂ AR, b 1,102@5&218@@% e@Ql“ (36338 P8, ﬁaﬂ & Japaport

1. (19 3 Synthesi s ol tlcaIIy Pur e Plpeco ates’rrom
100:36-61; Zhang, et al, (2003) Biochemistry, 42:67335-G746; and, Chin, et al.,, {2003)

Science, 301:964-7, all of which are incorporated by reference hersin. This allows the

selective labeling of virtually any protein with a host of reagents including flucrophores,
crosstinking agents, saccharide derivatives and cytotoxic molecules. See also, U.S. Patent
No. 6,927,042 entitled “Glycoprotein syathesis,” which is incorporated by reference herein,
Post-translational modifications, including but not limited to, through an azida anino aecid,
can also made through the Standinger ligation (including but not limited to, with
iriarylphosphine reagents), See e.g., Kiick et al, (2002} Incorporation of azides into
recombinant proteins for chemoselective modification by the Staudinger ligation, FNAS
59:19-24;
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Asparagi ne. Application to the Total Synthesis of (+)Apovincam ne
t hrough Am no Acid Decarbonylation and Inuniuin lon C-clization. 7.
Org, Chem 50:1239-1246; Barton et al., (1987) Synthesis of Novel
al pha- Am no- Aci ds and Derivatives Using Radical C xernistry: Synthesis
of L- and D-al pha- Am no- Adi pi ¢ Aci ds, L-al pha-arninopirnelic Acid and
Appropriate Unsaturated Derivatives. Tetrahedron 43:4297-4308; and,
Subasi ngh (1992) Quisqualic acid anal ogues:__synthesis o
bet a- het ef“é(g w\%ﬁgsﬂi- ani nopropanoi ¢ acid derivatives P&%’g’foﬂﬁ?“ﬁ(’%ctl vity
at a novel guislx alate-sensitized site. J. Med, Chem 35:4602- 7. See
al so, U.S. Pat entChRiai Hegim oNOrnatith! 206144 826@8637 entitl.ed "Protein
é&%;é’[ls‘!ﬂ];i ChGIinaéisr hﬂaﬁ&ﬁzlaoxrﬁh@dmhy affﬁ@fmm&ily%mmez&ocﬁ/ gﬁz&8§%3m~

. r of . upnat ur no aci
Unnat ur g‘%’&%ﬁ 8&@? ﬁ@ %é%év TPUEW 1‘3@’@9 G AS]‘VIB‘HB 0?2%%%“‘5%%%5‘?@% ly
consi deGefnany)en Péﬁ&hg(ﬁyuﬂﬁag@;ﬁdme s r’ugmwmt &6 abt @[Ihﬁ@mﬁ%i £&ilalde 9
far incorporation into protein For exanp t he gh charge den3| ty

of a- anfePHeHY S@ﬁb@j%@ 45 prgided haga o GFFB%EW%F@WWGWW Hseé cel |
per meabl @i Nl &l n8lkinG:

O1:h
coI | ection protein- bé}ggt%% %ﬁhég?!{% ’tla@d b °’%6 llds?r{éggﬁ can be

done V\hﬁ?@ﬁaeidgis @9@ %Smi@h (193An &egr IEdﬁmﬂnW@éﬂdd@f&n‘i PreamayBosimeMasiden up
by, oLl BugBER Oftlhe bk SSHGL L ORI BST1orS, S kd SRS on,
i ncor poam:‘t Mmmuwdﬂ_i%mdb@gmh@ Bdﬂnuil,tlia,rts P @nd 1999)

. F/ - ogr vvard the v a ang ex| ded enetic
code. *PRAG R PheS 8 Suthy ool BURBREI Mk bad i SDRAEY ¥
anal yzedmwntrdﬂ anging acigs asdaly Se.g.aWalA0e2/NeAony entidedddaigru mgonpmﬂbmjroﬁl

b1 Goynt KBTS SR TER s @ i 1) Syt o PSS, e 8 of ' °°

Unnat ur al xidta) .oy Acii o9 L83 Syis bf GhydietiCoRanbymss @Gz@eaﬁlzvc gxist in
cells for the production of am no _acids and other coggoun VWi le a

bi osynt fe¥ c;‘ffﬁ@{f%@wﬁﬁ digfess de LRESHE- Shiyatod P el icdmEd HoR exi st
i n nat uggso) M&% B}QDQ%tz%tof Uld?&zﬁzﬁgast BodbITuBseds for AMETHAN- e@mgm

provides such ds. For ‘exanpl e, biosynthetic”pathways unnat ur al

-ami no aéﬂds@ﬁ@eﬁ@.&t $br§3§@§75?gé7ﬁ@&al €deh #- Eﬂc?§§) ééﬁoﬁf%@éféﬁﬁ”ﬁgmn@wﬁenzynes
or nodi f i sti h Il pa are
optionally neﬁ?ﬁr al Icggoc?a%z?’%J enz@%@‘ ojfzmgrt‘?f(lt’ﬁg? P’%ﬁ}@g}%ol E]gﬁzlnzyrres.

For exani@‘ileoth@ Mﬁ%jﬁh&%ﬁi oF67g-1200 Aopteen M. aVimonte Ma& Prepsentfed in
cinnat ur 5P S RSP RE qapbits o hED! RBnalge, B0 DGR EREE ACRRss
known efzylnwes:, f&MPot&aeRapnpganl}ﬁ nélQS%eSygéaﬁs of 4-Substituted P al_mes* as
Conformationally Constrained dmino Acid Analogues. ], Org, Chem. 54, 1859-1866;
Christie, BD. & Rapoport, H. (1985) Synthesis of Optically Pure Pipecolates from L-
j Asparagine. Applicafion to the Total Synthesis of {+)-Apovincamine through Amino Acid

Decarbanylation and Imintum Jon Cyclization. J. Org, Chem, 50:1239-1246; Barton et al.,
(1987} Synthesis of Novel alpha-Amino-Acids and Derivatives Using Radical Chemistry:
Synthesis of L- and D-alpha-dmino-Adipic Acids, L-alpha-aminopimelic Acid and
Appropriate Unsaturated Derivatives. Tefrahedron 43:4297-4308; and, Subasinghe et al,
(1992) Quisqualic acid analogues: synthesis of beta-heterocyclic 2-aminopropanoic acid
derivatives and their activity at a novel quisqualate-sensitized site. |, Med, Chem, 35:4602-
7. See also, .S, Patent Publication No, US 2004/0198637 entitled “Protein Arrays,” which

is incorperated by reference.
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for these enzynmes can be introduced into a cell by transform ng the cell
wth a plasmd conprising the genes. The genes, when expressed in the
cell, provide an enzymatic pathway to synthesize the desired conmpound.
Exanpl es of the types of enzynes that are optionally added are provided
in the exanpl es bel ow. Additional enzynes sequences are found, for
exanpl e, in CGeubank, Artificially evolved enzynes are also optionally
added i ntQ, As5kkdy, 1 N the same manner. In this ”ann%?m&ztﬂ%;eﬁﬁ;bi ul ar
machi nery and resources of a cell are manipulated to produce unnatural
am no aci ds. [162]1 A vari ety of methods_are available for producing
novel enzynes f detliglapuniske ofpaeialigainaacist hways or for evol ution of

exi st i Mg%hat hwHyaatrst i an Melke b pogl Wﬁe‘?ﬂerlé?él@ﬁiﬁﬂt eabriedly wugdereds

devel o %@3@/ I » sioo WO 20
0 610 %glglswm Ll%%é%%&% Zflf;}llr?rflnﬁ)xygign‘tj orn) Eéogpso%tg?l%ﬁgﬁ% used to
devel offonexeeipls iiEyings clangt qlmmt}m@/@-am%ea,mde sgggestsmmm:sc {chaed)ds dRapi d

evol ution of protein.in |tr DNA sh 370(4),: 389-
Son aanedt gl s Nl e AHRn G By oh Andinie H e Acalieir and

r eassemppydteihased tahs@drir @@@ﬂﬁj NAtdagin sf:@én ras@di &6 Woas vﬂﬂ@d 4kbds@R, wibElOC.

Nat| . Acad. SCI USA., 91:10747-10751. | arly Desi gnPat hTM

devel ofRRRAY! daip® AUy 1 @VaitE diFe up ,T:,'ytcﬁ%s P oF-Svi Be IOWBBY afsaysg@neReor . com)

i's opt itpmalphy,iupaslichin . absl b.gomtg@my cBIGIINeBhiRT, AI@A}JQ’ wifiéh €Rgi neer
a pathway to create O-nethyl-L-tyrosine in a cell. This technol ogy

r econsﬁ‘%cﬂﬁlf’?t“éi)@ys‘?fﬁﬁﬁce %@%v@?émh RoBtSchigaRiCs (98 g es iov@s fhat i on of
new geeeﬁmanryf HelRgish %fg }du%& eficpode tROSET Ihﬂa%@t" bl 9%%6361&%%
finictional genomcs, Slecul af evol ution and versa

Cor por &tlihowehvpieke scetily @ﬁiw%wwwfmuwsa@’smﬁamwm rdssagrmm;lawaé 0
provid pid r i g gene
Dt huage ™ feadraer ol Lt BE R R g 3 WP arctlacfReReaRe, 9550
Typi calphihyaydte cagpinatinoakidam . and produced with an engi neered

bi osynthetic pathway of the present invention is produced in a

concentration SLﬁlgévﬁ{hg}é Qﬁ@gnﬁﬂglifﬁjﬁg@g g otein biosynthesis, e.g., a
t I | 1 ul f
e cendislf H ﬂ%maﬁg Aihetic path 1%@?%%‘8{3&%3;1 %&F@Jn §hmhhe

concent am O aCI S or exhaust resour ces.
Typi calcido me:ia@ﬁmaiomn@ds pﬁ?ﬁdbeceebiozmﬂwﬁwmﬂhnd i sspavowiee ngtwealapooe 10 v

to ab OLAE1dQ1’138§ IEPMMO;{CH ture %c!l&&uﬁﬁsbut o2 HI% i dﬁ{ ?)g% M ceﬂ; e 1 %Jgn?mllp g{jaﬁfd%gp rising

t he genesu ucé enz esire way and an
unnat uredh asho. &‘or d{amgieg‘emanﬁieadpathwawfmmeﬂmt hmmn&cm aeopiﬁc}mhﬁl |y

ot n r ebsiFmt ot BEL P SEuhe el -0 Ror R ettt AP RE D ao
POLYPEREIDEERS! 126 dﬂhﬁﬁl@&rﬁlﬁﬁd{ﬁﬁ@' AathFEBy ocourring enzymes or artificially evolved

enzymes. For example, the biosynthesis of p—aminophaﬁylalanine (as presented in an

example in WO 2002/085923 entitled “In vivo incorporation of unnatural amino acids”)
reliss on the addition of a combination of known enzymes from other organisms. The genes
for these enzymes can be introduced info a cell by transforming the cell with a 1}1asﬂ3id
comprising the genes. The genes, when expressed in the cell, provide an enzymatic pathway
to synthesize the desived compound. Exaruples of the types of enzymes that ate optionally
added are provided in the examples beioﬁv. Additional enzymes sequences are found, for
example, in Genbank, Artificially evolved enzymes are also optionally added into a cell in
the same mamer, In this mamer, the cellular machinery and resources of a ocell are

manipujated to produce nnnateral amine acids.

f162) A variety of methods are available for producing novel enzymes for use in
blosynthetic pathways or for evolution of existing pathways. For example, recursive

recombination, .2, as developed by Maxygen, Inc, {available on the World Wide Web at
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[1641 As described above and bel ow, the invention provides for nucleic
acid polynucl eotide sequences and pol ypeptide am no acid sequences,

e.g., tRNA's and RSs, and, e.g., conpositions and nethods conprising
sai d sequences. Exarrpl es of sai d sequences, e.g., tRNA's and RSs are

di scl osed herein. However, one of skill in the art will appreciate that
the invention is not limted to those sequences disclosed herein, e.g.,
the Exanpl es. One of skill will appreciate that the invention al so

provi des NEHWO¥E$%8t ed and unrel at ed sequences with PREUCSAHEHIShS
described herein, e.g., encoding an O-tRNA or an O RS, [165] The

I nvent i gRxPrAVbEESs RRLyREPlaEs &) Sﬁov@ﬂ@nﬂ%ﬁiey%@' Hages Se@ 8
O tRNA, _ po ynulcfeo??éesg?hat encodeﬁgo RSs gortléﬁst er eof 8

ol i gonudiard {9 Repid vy ke Keeroes zwsh?ci@f gagbredated 791693603
am noacybr. tﬁ%ﬁ%&%@?iﬁ? M@@%ﬁﬁnﬁ%ﬁ ra%wﬂwgk&%ﬁog%%dQLasgé%zﬁr gsent

i nvention include those”’that eficode protelns or pol ypeptid

i Nt er es kst reedvebingtions drtmalasvien evaspiion M&&MJ %kiQ?ﬁ%@ﬂfdn I n
additio y A t t i ORI

pol ynucﬁﬁggeﬁ%%%sr%@gpﬁéc eg &393} g%%ﬁlgednagws@t% ’eror I'n §EQ | D
r NO 4 gergnoqpobp) i aitiendlivdesed tfe;t mebdnplisnenemmeai, o ,tﬂaamg'mmroﬂes a

pol ynucl eot i de sequence .t her .ol a eryatiyve variation thereof A
ol ynucPagyPas SRR REFREETTRrn aff 1T aES HRbhB AR AR T ERE O e
t hat eneoftesysdn hodt ys@mtsmd asingf a t:dmblmtmamﬂhexi/ perent indndinShmirdoalilited ®,
nucl ei c ,acid, that, h di.zes to a pol ynuci eoti de indicated ove under
i gt y 2R e i b ahsro el oy BGe R VTR AR dugrR® of  he
nucl ei ¢ Caglothtios (A=ipdleyLE WRLIARIdo IWdbhe dRERSeRE) dIVRAMiIR fchndlfeyole

enbodi nent,. a conp 5| t| on i ncludes a pol ypeptide of the _‘}éresent

nvent | GRS NPT PenegaiPES, TCRIE DU IRER R oar
accept abk® pex&hRi ent, etc ). In addition, polypeptides of the present

i nvention i ncI ude, e.g., a polypeptide corrpri sing a amno acid sequence
as set fmgsth i HT@E@M BadN@man®dl i by gRbédueel wh@tanieﬁgiﬁ@iﬁm eBAtRty to or
that encodes "S?Bﬁp ypepti de sequence thereof,, {11 ervative

vari at i GRCYRET T PSP Té“?%%‘"h]ts@ uc‘%illi’éﬁc?)‘}cﬁ’%ifaﬁf@’és Glérﬁ ? PTG | sera

speci fi GalslihdsRUBLNQr RAGHI YluWk tdhoanD Oy RePtd S@nhof d&é%@e, a@&@%ﬁ@& the
invention. [166] In certain enbodinents, a vector (e. plasmd, a

cosni d, c@lﬁﬁ#@?&@ﬁ ofihp SHERFRiARCIARORAXPEST Collulin ReERRTHSI M#é&?qea’@amas

conj ugatp%au&@ M2 8O0k ORenRE Gro aIRRIMRD I BRStodaboROb YR USRI ObLEE s Qf11 tife
present “invention. In one enbodi ment, the vector is an expression

vect or . tepslameLTeh @ BlswEidreApTsEs dheesgerasiion Nedeo mayRes deiisd £o? onot er
oper abl lé]rs_lel,cifﬁ and ﬁ?uﬂfatu?&? i actd® ngPéré‘tQ&‘ Gh 895 L4&RioR ack BBy ﬁfent

i nventio I n ano?her enmbodi ment, a cel conpri ses a vector't
i ncl udessed ofyhacindiariedbe arodugiom el e rmntEpd ﬁﬁm@nacld for both nbosomal

protein synthesis and cell growth,

) NUCLEIC ACID AND PQLYPEPTIDE SFQUENCE AND VARIANTS

[164] - As described above and below, the invention provides for nucleic acid
polynucleotide seqﬁences and polypeptide amino acid sequences, e.g., IRNA’s and RSs, and,
e.g., compositions and methods comprising said sequences. Examples of said sequences,
e.g., tRNA’s and RSs are disclosed herein. Howsever, one of skill in the art will appreciate
that the invention 1s not limited to those sequences disclosed herein, e.g., the Examples, One-
of gkill will appreciate that the invention also provides many related and nnrelated sequences
with the functions described herein, e.g., encoding an O-1RINA or an O-RS,

(1651 The invention provides polypeptides (O-RSs) and polymmcleotides, e.g., O-{RNA,

polynucleotides that encode O-RSs or portions thereof, oligonucleotides used to isolate
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[167] One of skill wll also appreciate that many variants of the,

di scl osed sequences are included in the invention. For exanple,
conservative variations of the disclosed sequences that yield a
functionally identical sequence are included in the invention. Variants
of the nucleic acid polynntleotide sequences, wherein the variants
‘hybridize to at | east one disclosed sequence, are considered to be

i ncl uded i WoPA¥ %3 %nt i on. Uni que subsequences of t W& $EGMefites

di scl osed herein, as determned by, e.g., standard sequence conparison

t echni qm@a@m&wﬁ Oyritiedsti dRdes, latct hmjamw@mde@ %) t}@om@ﬁwmmenwmm@t i ons
[168] OmM ng to the degeneracy of the genetic code,

subst i t UPPSriEat supQste roteign &t PRGPENS o Antareri e thy Brogal HWE%’(?BéW@?eOchh do
Not 1 esul by s@le@t@r aldogr fl‘ﬁ'a@cﬁtnh@ p@l}n@&%ﬁgﬁ%f iR M2 %‘RQI@;BQQ%% % 2Ch T
520051 643b03  pol ypeptide) are an inplied Pure of every nucl éic acid
sequencdiwué?ﬁméﬁcmsm armuplgotidgcfeguensy rﬁSI @i |zt moﬁfé%r}ﬁaNQ/e 4ami no
acid su

equencd b iBiag: it Syl lects EUATRREL Emiflcllly ,AMTIBRE |
properti®es, coumtmd' soiatientdtleyl i dpoipivkleetileasy trgiresgnthingintign zﬁwmblaeﬂestao a

di scl osed const.r Such conservat | vari.ati ans f.e di.scl osed
sequence B 0T T AEtEm CRUAEPABTA® B Rt SR REs R bV

var : ati ops Lgxnﬁdzaesp?rd p@g&gmreomwﬂn&meca@mﬁe smﬂeuaﬂgﬁr kigih gens cdilﬁhtlldﬁ@%@el .
nucl ei ¢ aci ds i.ch enco entical or essentia entical ami no aci
G quenceRbegRal i B aT Rf oT oi o 168 LTRAS SR BT G o

sequencer dre 2838chalal Ymposftd SakdS0ERGEERds ofQRE pRfen® ifleldnyan8idnl | 1 N0
the art wi|l recognize that individuyal substitutiaons, deletions or

addi t i onBCTERe-&k (0REEer, AtRiero PhyBReTECHly s ARGl BrriBioc o Join RIdHE \
per cent Wﬁtz&@“o@%@ﬁhé@ﬁt bt @A) nfcmaed@g  BRALEORR: BnfiprisHRNS %\%aatahme' y L

nodi fi e vari ati ons conservati vel varl ant's ere
al t er at | SASTERSUFY foysh. xh EEQelPe NLgnd: of pcéweahﬁlm@ahm o@mpmm@mw @yf thain

am no r t m | ar
anmino acid QES%dxﬁﬁga%%ﬁg1#@2?@%§a€§€?§§%§ﬁgh% h'flsteg ?&%éggkde
sequenc ealgsf pmhéame&m@hmdm aneshteraorpetificillyderugobative with @rm}l}@&pt@ia feliel

per cent sorf PLEALI Y less than 5% nore typically less than 4% 2% or
1 % e amno acids of the pol ypepti de sequence, with a

_conserva ely e
subst i tult F%ln gr%%gﬁ#hegnbg)g%{é ?‘ }Sb%%(gg) ge];,‘%h%gﬁces %gr?lﬁd% ng% \é%aftmumt he:
encoded actius ty mksd plpivelectideci d amjuggad epol;gwchmak tdie) achdiptisen 2of a

rvati evarl i on,of. the

f t
nuci el ¢ bpaRep o e Hay S B BL IR, P e SR AR R
functi onedetoy. Bi avothar elﬁmdbmmctﬁledspﬁ:smn eoonincluded hoseotef operatilynimkyd ki | |
I L N M S

comprises a vector that includes a polynucleonde of the present invention.

[167} Cue of skill will also appreciate that many variants of the disclosed sequences are
included in the invention. For exaniple, conservative variations of the disclosed sequences
-that yield & functionally identical sequence ars included in the invention. Variauts of the
nmucleic acid polynucleotide sequences, wherein the variants hvbridize to at least one
disclosed sequence, are congidered o be included in the invention. Unique subsequences of
the sequences disclosed herein, as defermined by, e.g., standard sequence comparison

techniques, are also included in the invention.

Conservative variations
(168} Owing to the degeneracy of the genetic code, “stlent substifutions” (ie.,

substitutions in a nueleic acid sequence which do not result in an alferation in an encoded
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1) Alanine (A), dycine (§; 2) Aspartic acid (D), Qutamc acid (.E);
3) Asparagine (N, GQutanmine (Q; 4) Arginine (R, Lysine (IC); 5)

| sol eucine (1), Leuchne (L), Methionine (Ni), Valine (V), 6)

Phenyl al anine (F), Tyrosine (1r), Tryptophan (W; 7) Serinc (S),
Threonine (T); and 8) Cysteine (C, Methionine (M 58 WO 20061068602
PCTI US200S/ 043603 (see, e.g., Creighton, Proteins: Structures and

Mol ecul ar Properties (WH Freeman & Co.; 2nd edition (Decenber 1993)
Nucl ei ¢ A¥PaGepEAsidi zati on [171) Conparative hybri di 2arisaemsodssse used
to identify nucleic acids of the present invention, such as SEQ ID NO :

4 including. i ve. g _ o . ‘ ¢
nvent | v PRE R BB Bl P Bl BAF RGP RA, @lodent aBLBZE"
met hod mfd. Hindtdnfuimshivaiyenucleicdd aubittstions,” thengpuesient aniiny esitd Tan | n

addi tion,. target nucl ei ids which hybridize.to.the.nucleic acids

r epr es e BYIHY SERECT 5° .S%%t%ﬁﬁg&ﬁ?r% ,ZLX‘EPOtQPQ-% Wtéﬁlgthg’nsﬂfpﬁ?l PUORCES ultra
hi gh lstm's mfm&lyﬁaﬂdiiﬂlta&l %ﬁeﬁ@glgglﬂy iiafxtugba dﬁﬁiclo’éd.‘alecoﬁﬂ;]t&ﬁﬁ Buch nmfaltvmm. |

Exanpl es .0 such nucl ei.c acids inglude ose with one or a few silent
or consBFEHOP anaﬁ]&%ls%@%edé%‘iuameﬂ?&sfgﬁﬁfrﬁtoﬁ%‘ﬁ?Ieé?t USRPEPed to a given

nucl ei c_acid seguence,, 11721 A test nlucg eifc gcid,is said to specifically
hybri di B8t o a "pretEaHc FEaionsciod 2 MERTIRT MAYHATIHSSREnE: refERtt 195%, as
vel |t opwbRR Rie A ASnbRcideiRe bf &sdnliNiyBEARSGERIRIEHRIREY of, ABRL .
i.e., with a_signal to noise ratio at |east 4 as high as hybridization
of the H? stsdele acld feestigh grupde YnERo sBHh A PBASoepepialy Hdukeal sequpaee] v

mat che i ; : . aed s tar.g W th
R e g B I G e
obser veafdftions Wbl alttirzalidion delple aaipgleahindaidmeinoiladreeninges? /imicd edids aci ds.
[1731 ' ' " k. dize. i at I y

sol uti on i Ry A ietRepe H e P SRl ARE0E &) Saogl LR etk

char acterinzgtwidy giealteatiem remlt if drcekiios uté asine hyidr oigéinnledadiamine

sol vent __excl usion,.. baslgre] starlin 480 t h Ii.I:?gl. ThEI‘ phrase ':(ftr.tngent
hybr i di ¥5b i BrRBHRHR Shat Fure red i Sn e SR 8% st Firgt h and
hi gh t efepgratiiveevaiation” ok adisrd ipolybdreidaktquedtppif ¢l poysenti gretioatinslngent

conditions, a prope will hybridize . to its t et . subsequence  in
ool xS iohE OPF sl peatei b e st o ot PR s e 4% 2% o
cel I ul agy 19pff tHelkdhiy/ adNATAe IINMpiIdkedflofs, Wik o ByREdaiES, deRcRl Alino

sequences_in the conpl ex, m xture. . ,
acid of the same conservalive substitution group. The addition of sequences which do not

aiter the encoded activity of a nucleic acid molscule, such as the addition of a non~functional

sequence, 18 a conservative variation of the basic nucleic acid.

[170} Conservative substitution tables providing fimctionally similar smino acids are
known to those of ordinary skill in the art. The following eight groups each contain amino

acids that are conservative substifiuiions for one another:

1 Alenine (A}, Glycine (G);

2) Aspartic avid (D), Glutamic acid (E); -

3)  Asparagine (), Glutamine (Q);

Ty Arginine (R), Lysine (K):

5 Isoleveine (1), Leucine (L), Methionine (M), Valine (V);
a) Phenylalanine (¥), Tyrosine (Y), Tryptophan (W;

7) Serine (S}, Threonine (T); and

8) Cysteine (C), Methionine (M)
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An extensive guide to the hybridization of nucleic acids is found in
Tijssen (1993) Laboratory Techniques in Biochem stry and Ml ecul ar

Bi ol ogy--Hybridization with Nucleic Acid Probes part | chapter 2,
"Overview of principles of hybridization and the strategy of nucleic
acid probe assays," (Elsevier, New York), as well as in Ausubel, et al,,
Current Protocols in Mlecular Biology (1995). Haines and Hi ggi ns
(1995) CERRIUEYEHEEE 1 IRL Press at Oxford Universit §CPUEEE048RT or d,

Engl and, (Hai nes and Higgins 1) and Nanmes and Higgins (1995) Cene

Pr obes f.0 f Bar nes
and 5 %006 f: g%{l)l@ézCT éc?n %%%{dgﬂf{%%%ug&%?%%%s WZ& S&%ﬁ%ﬁt ails on
t he syﬁﬁ%@h’fﬂ@,@h@bﬂébﬂﬂ@ﬁ) detection and quantification of DNA and RNA,

i ncludi ng ol i gonuol eotides. Generally, stringent conditions are selected
to be about 5-10C |lower than the thermal nelting point (T,n) for the
specific sequence at a defined ionic strength pH The T', is the

t enper at ur e (undéxlettefadBdyridinmiien st rength, pH, and nucleic

concenfl7al i on)Coatpastive hythld¥#atin tducbeprod es ideaiiy| rmnient aidy of dhet fresehiar get

ctquenteiaRen g gt S T AV S ACERSRag oot oot S e ATE e cupi e

at  equpdekdar lmtmswi AEES NHomG aehd hmm RetHoR s & ?ﬂfeﬁ'@ﬂ Gethdieosal t
concentratl on. is lLess than about 1.0 M sodiumi on, about 0.01

to 1. 0URIESHIRERIOHC acitheidhe Pﬂﬁﬁqn&w%mo%@@dﬂ% gt %f%clw‘ # 8.3 and

the t epReKakUs euel iicRlc eicﬁ@%& r&ReEd bg’»@;@dwNosh%amﬁﬁ,@{e%ﬁra(m%ﬂawwg but
not limted to, 10 to 50 nucleotldes) and at |east about 60C for |ong

pr obes Wigrdira e griBeancn sendiions aega fesiury PE iccresenanvation y Exepplres ) |
Stringgnt, GRR 5&1&“&61113@3&10@& %ﬁthbgﬂea&hh%@dsﬂ\%tt& &Aﬁ@eﬁﬁﬁe PR3 Ofcia

destabilizing agents such forznam de. sel ective or specific ¢ }
hybr i dbsaiidems aacosweﬂﬂ%g@mgwﬂmmmdmuwel east two times background,
optionally 10 times background hybridization.. Exenplary stringent

hybri di¥3l i on “isfidiueicismst 1&'@:%1 oepepslioply h:&m% 10 SPOHS BickEMACHEVIBRE SSC,
and 1% i t 65C,
%%meé &qgﬁﬁ% 23 Greflic e oy fis%gt 1]5;'1-% gﬁd cbsﬁlgjggﬁ %:rg%ar%%:,

with wash SC, and 0
per f or n@dWﬂba sanalitsnms@ratz@@t legsp 0% asdng%nm@bmdﬁm@saf ﬁﬁ@]&iﬂ!}e taribeeteempl e -of

StringgiMe, *}él%ﬂ\}ﬁw Zlﬁt Bt %%”Eér%%cﬁgﬁ]ﬂ%%d 3%51{5 ghgald foc Ol cﬁé@“t ary

nucl ei ¢ aci ave o nplenen%ary esi dues on
filter complemerSoytangt witbr shiprt therize baltiotthait $s B0 tobng| et Owias high amjla’of

heparin h i di z ing.carried out overnight. An
exanpl eb:’ce)#veéﬁrhﬁbndtrﬁaﬁg %m Xﬁ% 1%556” e @C wash at 65C for 15

e e S ANy BB T
st ri ngesidy hylasireidie tprze@mh@d obywell dhomcstirddngenicy-chmsbel tforcee mmzce as
AP TR AT YT N
hybridization conditions” refers to conditions of low ionic sirength and high temperature as is
known in the art, Typieally, under strimgent conditions a probe will hybridize to its target
subsequence in a complex mixiire of mucleic acid (inclading but not limited to, total celtular
or Hbrary DNA or RNA) but does not hybridize to other sequences in the complex mixiure.
An extensive guide to the hybridization of mucleic acids is found in Tissen (1993)
Laboratory Techniques in Biochemistry and Molecular Biology—Hybridization with Nucleic
Acid Probes part 1 chapter 2, “Overview of principles of hybridization and the strategy of
nucleic acid probe assays,” (Blsevier, New York), as well as in Ausubel, et al, Currem
Protocols in Molecular Biology (1995). Hames and Higgins (1993) Gene Probes 1 TRL Press
at Oxford University Press, Oxford, England, {(Hames and Higgins 1) and Hames and Higgins
{1995} Gene Probes 2 IRT. Press at Oxford University Press, Oxford, England (Hanies and
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hi gher) than that observed for an uruel ated probe in the particular
hybri di zati on assay indicates detection of a specific hybridization.
1175] "Stringent hybridization wash conditions” in the context of
nucleic acid hybridization experinents such as Southern and Northern,
hybri di zati ons are sequence dependent, and are different under

different environnental paraneters. Longer sequences hybridize
specifically at higher tenperatures. An extensive guide to the
hybr|dlzaHWDHMGﬁ%%luclelc acids is found in Tijssen @&993)0ps/sibgos a. and
in Hames and Hi ggi ns, and 2. Strlngent 60 WO 2006/ 068802 PCB/ U520051U

43663 t d dit

oo ei o e A B e %@r o et R R R L P R

hi ghl y Sﬂﬂ RNge Eﬁchiﬁjﬂgr d:li@oﬂlﬁ:lidgﬁﬂesandeﬂmﬁlb @mﬂghnt koMtistiont hes sdlyonsdi «dlaeatl on
an was n I0 re r.aau ncre | NCr eas

Fomper aftie 10 uET el L sline RO g BTG i e

concent fatd st DR OIThd ME fi@iﬂ@'t eﬁah@e (BRACRALIAbHE @traigﬂp hEgamdcnsRivent s
such as fortnalin in the h i zation or wash), until a selected set

of cri t B¥eepitgie) geyhiclEe¥e ézf&ﬁﬂoées R®RPBENdP Fitrert FabddiaRionbciawd ti ons
are gradualel ¥ LRSI %@ﬁe@s Wt ﬂaége@seﬂﬁc%@% AL DPSerd On 38 {]fa@qtm,l ¥oug Ratehed

conpl enment ary t ar get gnal to noise ratiot I's at | east 5x
as hi ghpsbest aﬁapc@b@érat/e@ﬂnm@mﬂy b“rﬁﬂ@ﬁezfaftqnéwonﬁ mey e @C@@en whishdhe epiimat ched

target. cei'n%%n@ﬂan :E'ri]éés ﬁa%ﬁ'%l%‘??%ﬂ\d%&%ﬁ%n,g@lﬁﬁ? 1f°b§lr cglb%r@r?d; 'ﬂf’H to

the therna I's the
t enper atacent@iordir: Oﬂteﬁ jaiteicht pBnl.@ tos?.? embibl teomubraie is atlsaﬁmhoht BH%fof t he

test | Sequenss, I RbLdh B8 LORABEN! 961 do IRISHED RLORS...Faloul Becay poses

of the prese rnven generalT I'ngen Bf{'dirzat i on
and was long erodied q:zmhsimgrlmt ns’eﬁmmdeﬁd gmatﬁethabﬁunuﬁe@nﬂ@v\@mmgmmmbm@& for

speC|f| i.ned oanic Sstren 77 Utra
(e PRl Ea SRR Pl Se TR B aRh P R Bt s L
the st gdmgﬁnﬁzyspecflﬁmjmﬂd@haﬂat iaQrosigine sigmd g drdi tldaﬁtrmfoattzﬁesl Ba&it@caﬁté,d unt i |
the sign msertlo di ng of .the .pr rfectly
mat chedogi?ﬁf}%eﬁem’f"ﬁr gé?u&g}‘%ﬂiﬁgfag gﬁﬂaﬂqﬂé Stﬂg gg%@%lzfg% ’Itflo% as’
t haéI obsgraced fdcilt@{xrufgy{jﬂ% %Iﬁﬁiagd%nsx gsapandq% g}b@ Imumzcamedﬁcabgﬁx seagcl ﬁ' c
aci ds. et. nucl ej ¢ _acj [ y4 e under  suc
condi ti 66’5553# TERPE4ng P“(ﬁﬁgq" Vi W\é\%ﬁ 22%% @Sét/" ﬁ%%é&f\/% R Vet he
per f ect bys Bbehedd €93l £ 5802120, bahaenifug! ei c aC| dis saidto bind to

t he probe under ultra-hi gh stringency conditions. [178] Simlarly, even

hi gher Fempls oy Sel;xﬁﬂn?lgeBEYsﬁﬁg&nb%}@ﬁ&%ﬂ&n@&l@a{mgr adualbyaizdiber asi ng
the hybri d| zation and/ or, _wash conditigns of the relevant_ hybridjzation

assay. PopRleraseiprecles pgdeviiph fgecrpre Rendf poppipasieay reydies a7 24¥%n and
wash cogdi t5i,@sn 3k Nd-REMEASEH 50% formalin with 1 mg of heparin at 42°C, with the

hybridization being carried out ovemight. An example of stringent wash conditions is a 0.2x

SSC wash at 65°C for 15 minutes (see, Sambrook, ef al., Molecular Cloning, A Laﬁom}.‘ory
Manual (3rd ed, 2001) for a description of 88C buffer). Often the high stringency wash is
preceded by a low stringency wash to remove background probe signal. An example low
stringency wash is 2x SSC at 40°C for 15 minutes. In general, 2 signal to noise ratio of 5x (or
higher) thau that observed for an wumrelaied prebe in the particular hybridization assay

indicates detection of a specific hybridization,

{175] “Stringent hybridization wash conditions” in the comtext of nucleic acid
hybridization experiments such as Southern and Northern hybridizations are. seguence
dependent, and are different under different envivonmenial parameters. Longer sequences
hybridize specifically at higher temperatures. An exiensive guide to the hybridization of
nueleic acids is found in Tijssen {1993), s&pm. and i Hames and Higgins, 1 and 2. Siringent
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until the signal to noise ratio for binding of the probe to the
perfectly matched conplenentary target nucleic acid is at |east 10X,
20X, 50X; 1 O0OX, or 500X or nore as high as that observed for

hybridi zation to any of the unmatched target nucleic acids. A target:
nucl eic acid which hybridizes to a probe under such conditions, with a
signal to noise ratio of at |east Va that of the perfectly matched
conpl enent¥t Po4EYet nucleic acid is said to bind toPCHEEWYEE under
ultra-ultra high stringency conditions. 61 | WO 20061068802

PC: T1 TJ 530051043608 b4 MCheLE126L ot BMoflRi ) spuby il ARido each
ot her under stringent conditions are sti substantially identical if
t he pol ¥épEFrdesnyld, dhdtteynienbighy stinsegdbbtidingtionlany vade panidgibs, theThi s
occurs, ot ORY 4 ( y-103 crea i _maxi mum
codnn %@&gﬁ?%é{hﬁ?&% Dfei(delg&%%l ?#gé‘%gﬁél?cﬁé:&g%do & b%ﬁ%%%%"%&%@%%%%ﬁt es

[ 180] | tleconeinaspictonctdi@tidmvientdsmg detayend esneentrbitdne hed/@c imdrctibiag ke

conprises a unique _subseguence.in a nuclei cid.sel ected f.rom.the

s equencEECBI AT BUATERS ST B REC S BB e MEHRiZaRAL oF Arghle T @

subs Eq usieed &t Uhedidla Ak man})afrasimhpldsﬁfmu@bﬁﬂi@atﬁ%: el GAash esmﬂftﬂag g to
any known O.t RNA or_ 0-PS nycl eic acid _sequence, i gnnment can he

per f or mBGUHY AgFreageg il agrorapingg o %—@aré@rla@lwtt%% PeiRiprarsaY Ayt dhildue
subsequgBke td SoistSRfis!that B aBleast 8% a@hiBh 8PBal hserk LR} hivkidlBGoWahEhepaci ds
of the present invention. [181] Simlarly, the invention includes a

pol ypeptd Bemiaicked €@fbhri ses a uni que subsequence in a pol ypepti de

sel ected fromthe sequences of O RSs disclosed herein. Here, the unique
subsequBffle s UriryaEngmt conpEpedTe Bleigde Ppepel Rdhbere poide aptt o any
of ~ knoy, g Wﬁ@&ﬂﬂ%ﬁ_@gﬁ@h@; Cis plcl82berhl (08 BLAAR S GiaRER halps)  or

target nucleic acids | 1 dl zeS unaer stringent conditiohs to a j

uni que &odiislySGh pGBa st wavindeliidigrs ernowdeslyamaitied pebsuBadhopne®ss in a
| H - . ‘ . . f . : . ) .
pol ypephi 8le pagle Gl edidd géﬂmtaﬁ%pa A am;’ Cl)alygmﬁ%g%’gf% S bhSnbpipue

subsequence’is unique ds co pept i orrespondi ng to any
of t'he eastadolc wohlypeptl desr @enghe Tpaloe nitcatpesifiquenees 4traodelinad dduic

syrrt hettasgtgl oé hhe present invention were delved, e.g, by nutation).
Uni que SEGEE 28 are deterni ned as noted above. Sequence compari son,

identity,..and h I 183] T ter “identical!' or percent,. .

et Byt "o Sk Pl B R T iRt on e BRI 1 de

sequencesgngshed ef hjteidirstoroind gl cagiiten essnaeasd bab quenges id ide ratie t he
am.no acid residues.or

sane or _have. a specified_ percentage,o ( ro :
oot ot 1Bt o Dot HR BHEY AAEHE RSt e, MGG <8l rmum
cor r espongenagh eyt EhsGOIPRE bRl MistteViny OF the unmatched targst nucleic acids.

A target nucleic acid which hybridizes fo a probe under such conditions, with a signal to

noise ratio of at least ¥ that of the perfecily matched conmplementary target nucleic acid is
gaid to bind to the probe under vltra-high stringency conditions.

{178} Similarly, even higher levels of stringemcy can be determined by gradually
increasing the hybridization and/or wash conditions of the relevant hybridization assay. For
example, those in which the stringency of hybridization and wash conditions are increased
until the signal 1o noise ratio for binding of the probe to the perfécﬂy' ﬁxatched
coraplementary target nucleic acid is at least 10X, 20X, 50X, 100X, or 500X or more as high
as that ohserved for hybridization to any of the vmmatched target nucleic acids. A target
nucleic acid which hybridizes to a probe nnder such conditions, with a signal to noise ratio of
at least ¥ that of the perfectly matched complementary target nucleic acid is said to bind fo

the probe tmder nltra-ulirs-high stringency conditions.
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desi gnated region,, as neasured using one of the sequence conpari son

al gorithns described below (or other algorithns available to persons of
ordinary shill in the art) or by manual alignnment and vi sual

i nspection, [184] The phrase "substantially identical,” in the context
of two nucleic acids or polypeptides. (e.g., DNAs encoding an 0-tRNA or
O RS, or the amno acid sequence of an 0O- R3) refers to two or nore
sequences or subsequences that have at | east about 60% about 62 WO
20067069362 Wklokdsd 520051043693 80% about 90-95% apeEHi«:3@Husapout 99%
or nore nucleotide or amno acid residue identity, when conpared and

al i gned_for nEX|nun1corres ondence qver a_conparison W ndow. or

desi gnat &t regbﬁﬂmc&?dﬁﬂ§§gﬁ%&ﬁ@§WH§mﬁﬂ§§&d@ﬁEémk%ﬁ$@EW§8ﬁm§FﬁéﬂFthn1(or
ot her s@ihgeﬁlﬁéieﬁlhﬂﬁf z@&ﬁiam@ e ﬁo%aﬁlfdg@ﬂﬁmmhe?reﬂwa@% SkbthdtialiP 1éeH§caW t) or
by nmenual alignment and visual ™ inspection. Such "substantiall

i dent i cBES osweue®eesbarr @ coRsppt almglescrs] Heraded ssipe the HeRsEYsRdon"

wi t hout try. "Substantial identity" nmay exi st
over a dE%%%%ﬁﬂ%%ﬁ%ﬁh§%&ﬂ%%%%g§§fhat is at |east about 50 residues in

| ength, a region of at |east about 100 resi.dues, or a region of at

| east about 150 Yeigbgigibsequgceover the ful | Iength of the two sequences
to be clé¥fiaredln Pu@@%ﬁfﬁoﬁw%mémémﬂﬁﬁﬁ)arﬂ%}(m st thsb poprigps & unique

et r M 3k oo EUANER X1dABESPAUERER 0 RELS PO ANE BlERGR, SRANERCC L0
whi ch test “sequences are co a sequence comparison

al got i tHeemn. Mummwmema@eﬂmwemm@ami Ew 4 mmlmc eeifl comespoming er

subsequen de | t ed sequence
al gori tH %?%@3%&‘3 tderrgﬁ X el%?cé eguc ) %%n 89%13%% q%%nﬁlc?g o%péi”l son
al gori tkipAShen tcakfuk @bﬁmetefse per aginic sﬁemiaemze i3 dexiitl] b.y., af arprdleetot est

sequence téel ati,ve he referer}ce sequence, based on the designated
pr ogr anf é’%@r ﬁﬁc‘?"sam‘%sﬁ“ ° RASEH STt alldgnnent of sequences for

conpar are_kno o those of rdlna the art.

al i gnmsﬁlgﬁof sﬁ’d’ﬂﬁﬁg’e % e }(S’Hp’gF]lug ?‘%B%h_ oﬂ'ﬁlﬁgt%’&ms? g,u %"‘}” ° he

| ocal imm Legye Al @ﬁlﬂ}ﬁebﬁiﬂdl&%ie&ﬁ& frhmc%he\/!&k;@dnmf CAHRs difgipsed hbRih. BR: 482¢
: (1981) _,_ the onol ogy, al | nment al or| t hm-of Needl eman, & Winsc T.

B AUPSequeH 71@)%1 9 2% FRVREEY Pn® PVOIAT PAFTSPoRdRE oY o
Pear sorlm&whlpgj%ﬁd&@ﬁsmédat , Acad. Sci. USA 85:2444 (1988), by
conput eri zed inplementations of these algorithns (GAP, . BESTPI T, FASTA,

and TFA@%I N trhe essen sk pﬁ&;&g If@rStar%af mﬁéae Brskaas: h@aelek Ghder

Conput er oup, 575 Sci ence ., .Madi son or by manual allgnnent
and vi sifaieeny Cﬁ%‘B’@@%Slt@)ﬁ ﬂ{l’ﬁé‘“’e‘?‘@m@ 011‘5%}@@8‘%43 WCIhq’“OOde@lﬁruF‘?éﬁF eSS i n

Mol ecul @r; RiRboe Cho2P rofURRLEREBRE) bf O-RSs wherein the unique subsequence is
unique as cormpared to a polypeptide corresponding to any of the control polypeptides (e.5.,

parental sequences from which synthetases of the present invention were derived, e.g., by

mutatioh}. Unique sequences are determined as noted above,

Sequence cotuparigon. identity, and homology
{183] ‘The terras “identical” or percent “identity,” in the context of two or more nucleic

acid or polypeptide sequences, refer to two or more sequences or subsequences that are the
same o1 have a specified percentage of amino acid residues or nucleotides that are the same,
when comipared and aligned for maxinmm correspondence over a comparison window, or
designated region,, as measured using one of the sequence comparison algorithms described
below (or other algovithms available to persons of ordinary skill in the art) or by manual

alignment and visual inspection.

[184] The phrase “substantially identical,” in the contexi of two nucleic acids or
 polypeptides (e.g., DNAs encoding an O-fRNA or O-RS, or the amino acid sequence of an O-

RS) refers o two or more seguences or subsequences that have at least about 60%, about

62



[ 1871 One exanple of an algorithmthat is suitable for determning
percent sequence identity and sequence simlarity is the BLAST

al gorithm and BLAST 2.0 algorithns, which are described in Atschul et
al ., (1997) Nuc, Acids Res. 25:3389-3402, and Altschul at at., L Mal.
Bi ol . 215:403-410 (1990). Software for perform ng BLAST anal yses IS
publicly available through the National Center for Biotechnol ogy

| nf or mat Y9 2868858 %bl e at the Wrld Wde Wb at ncbiramusemzissogov. This
algorithminvolves first identifying high scoring 63 WO 20061068802 PC

|| 20036043603 s0SBUINGE BT bl HITL Mo AENLELY b B0ty g Of

I'engt h W sequence, elth

posi t i wientiy] uden tchmg&br:bladd stignad br \/ximnmahlcgrrm;homimbb avemoa: dc}mﬁaﬁsmhe sane
l ength_i.n. a da{ﬁaba%g sgﬁ ence. 'Ifds referred to as hbo hood word
score EHIPEs RO EPART SN dreegfres “Sé%"rsﬁ)?“m%%"%a’?ﬁ‘?%%n (GEBST hood

wor d hialggritagis a@eazame @ﬂﬁeﬁdﬂé of drhnbivatiing ilzeay 618Snd@al diRsntH BgevisHSPs
~cont ai ni ng .t hem hits are then extended in both directions

al ong Z5EF E‘équéﬁ% F‘ﬁ’ﬁta%%anﬁ’a?de’é‘%“‘f hEPIREER &F9 Jeicaly grrRsidered d8r B can be
i ncr easgfngl It QLB 1SERAASH AXBAICRLGHY. at‘%s’[ﬁzﬁiﬁ[‘ ShenfiQf nAY %;lﬂ?cQ)tvbld@

sequences, the pararreters M (reward score for a paif of” matching

resi dusgionaesrequengds thaids M lpaserhant §0 1sedees i bspethmd wgiencfiehigast dsidues;

al ways 0 o [ o]

cal cul é?%p%wgéééﬁgﬁ%vgf%g%ég%@? %Elléeflg%e%o ‘%‘)rg\gtv\or Iﬁllgjfb S %Jtﬁgg%‘%:h

di r ect sopameetoftalcomparehen: the cunul ative alignnent score falls off by
the quantity X fromits maxi num achi eved val ue; the cumul ative score
goes t@l%}aro di‘orts@dmme @u@aﬂ@nta’mé hanmlwgmldacbmninatb}h onealy ommsequsne&gati ve-
scorin [ esl gge al i nent.s, t e end of either Eﬁﬁuence I s _reached.

The BLAST AT GoVPER par ?T%‘thg SRR O & i HE TR SERETET vi t Y o
~and speegpakod lilgmﬁlnlngfmmﬂ reﬁf@c&e&u&ﬁ%a a&f Dgutaifio(4 eumpite) Rbdestace '

sequences). uses as def s a wordl 11, an expectation (E)
of ' 10, 9810%16‘?‘8% e wﬁ'@%"’aau ML BOCORED amﬁﬁ“‘glu%lm (Vfﬁﬁa’&%mgmm BYEHO'SE & hds. For
ani no @emglataaequ@ﬁq@asmeé B AU B BOHE AL SRS t%%% glehtstiscdidwerdl engt h
(W of 3, an expectat E) of 10, and the BL M62 scoring matriXx

(see H&withotert S&w@?ﬁ@adﬁlﬂﬁ‘(@l@éﬁmrew@@e SQQENCe: bapgdan fhséﬁszgn@ﬁsi\pwr%glzs)
al i gnmepLseeR) of 50, expectation (E) of 10, M5, N -4, and a
conparison of both strands, The BLAST algorithmis typ| cal ly perforned

with thessi! ow peanp @f“a.ﬁéfmeﬁt |c§”%[%c%ﬁehﬁ%§‘@g1 Offparidd B8 libhwddel Wogh ot O

cal cul ati hg percent sequence ide fy AST al gorithm al so
per f or wEdingry pall s e ey 2y gligmment aflequepasd fecrmpaifer weebe tndickdquences

155§, Lol 0, B Sy g B 20590 =T

t he srrél%é)sﬂwﬂwhomomabhgms}n (Al ofwdiﬁmaprc?ewaaue@ AnViolj Bigl. é&'ﬂ%n of

the proRadi litye Bl BB OnREEMEERL W01 INEL BT I8 8/F B8, aci d
USA 85:2444 (1988), by computerized implementations of thess algorithms (GAP,
BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics

Computer Group; 575 Science Dr,, Madison, W), or by manuval alignment and visual

inspeotion (see eg., Ausubel er al, Current Protocols in Molecular Biology (1995
supplement}).

[187] One example of an algorithm that is suitable for determining percent sequence
identity and sequence similarity is the BLAST algorithm and BLAST 2.0 algorithuns, which
are described in Altschul ef al, (1997) Nue, deids Res. 25:3389-3402, and Altschnl ef al., I,
Mol. Biol. 215:403-410 (1590). Software for performing BLAST analyses is publicly
available through the National Center for Bictechnology Information available at the World
Wide Web at nebinlmah, gov. This algonflin involves first identifying high scoring
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sequences woul d occur by chance. For exanple, a nucleic acid may be
considered simlar to a reference sequence if the smallest sum
probability in a conparison of the test nucleic acid to the reference
nucleic acid is |l ess than about 0.2, |ess than about 0.01, or less than
about 0.001. 64 WO 2006/ 068802 PCT/ U520051043603 WMntagenesis and.

Ol aer Ilyiol ecudar Biol oeyTeehni ques [189] Pol ynucl eoti de and

pol ypepti des of the present invention and used in the invention. can be
mani pul afvedeussissee nol ecul ar bi ol ogi cal techni ques. INEEIEELHe sequence
may be conveniently nodi fied by site-directed nrutagenesis in accordance
wth c e may
b pr ona B B B N e e [P e by

usi ng aaﬁmomug:bwm@dﬁsm dothe psgmtfda@éiilezlehraswmmreﬁ? Wi @@n@ﬂ:Wﬁbtﬁll\’dE@ ofir e

desi gn an. t m u f the [ i de,

and pr@?@?%ﬁﬁ@n grén eb?at%ase bite) eém 01%5 ’%%tt% & d{' gh Ogl%l Ath alg%%%t cel l

i n whi e¢lgeshbid (Aﬂtecﬁmhtm #antpppl mhaatmﬂiiel ngﬁboﬂmad)nmdhhwactl?asrse@kaﬂapl e,

e e bR inget 15 wRhAZal) B%HiHBER 1 ob SulRh s

|i gati gfthCik@kitbnk Q@mEicQth se§@@m @8t as ﬁaa@aﬁ cudtulafive alifff@6t sfNad ban Bead.

Sci. 88: 189 193 3&1 991) S. Patent 6,521,427 which are incorporated
W

by ref E¥BAEe- femiaive fﬂoy_@g@qe cpfulatedrig: PpANROHAT saserceih iermeasiHinhi ques
in theyf Kl%%%doécofeefBP AR mAS0EE FGfines; BRSAE >t 6XL31 H §EL08 Aot HE

general net hods of agj in this invention include Sanbrook et at,
Mol ec uagmathins mgdueﬁ, utssrablor Jor e Rciq Stodenses, 2 20BIHE MK dghsd o Gene

Transt eoafid mokRLERN 8b3: Fééﬁéﬁgeﬁaé Rbls B RLakn (A230) %mqiag dqﬁ Sci]nt

Protocols I n Ausubel et at, eds.
Gener athetcemn@hvmﬂmgwe B pifTby ¢l @rentBy &l fogh tiamaxmmﬁc@@esl Yalist ude

Ber ger u@x@y&%lfﬁ%ygqgra o?bé\{g‘%ftﬁllél {lale %c%u%gor-lr %C&llgl(}gﬁ?é%j eg%xt}gds in

Enzyrm ogy vol une ess, er ger) ;
-~ Sanbr oadoneg regldug ah@mmaj artheChdmfregher s@quencabs)reaﬁmﬁ yTMBuaET(ammdttEd. ) .

Vol . ar bor .Labor ok de Sprii 0 bat,, York,
1989 (Pga e%oksg’ fﬁnflg }F" Seﬁrﬂ%ﬁg’c 1‘? sp ¥ %ﬁ?%%ﬁ??tg}gg . Ely1l.

Aus ubebrogtaralfos ma;i]lastzde feguen el udes af odolls e %rﬁleﬁgﬂi (Weaf ur,en kepasedion G eene
Publ i shi.n soc n d John W su ment ed
t hr ougEéh%Q@S a(w%ﬁts‘%sb]@f]’ ﬁ T%egiédo? 8%1@‘1115%%&%1? q%éﬁ?ﬂ.‘}? ;Fgoér?%g’?‘})g ‘fhe use
of vecta@snce HRBLAST? laﬁghammys a(std’&&alulti emmgtht(mgloe‘s mebabedidnqE) e. g.,

For pr B FEn 6L LG el FEh e oo el O FEa U A N g

unnat uahd, 3%, N8 A2 80:68) 5) ﬂfghﬁn@ﬂ@t(uaj of ﬁNéwq&ctah@f {Heganali=syNt-Retases, "and

pairs thereo
comparisonl of both strands. The BLAST algonthm is typically performed with the "low

complexity" filter turned off.

[188] In addition to calculating percent sequence identity, the BLAST algorithm also

N

performs a statistical analysis of the similarity between two sequences (see, e.g., Katlin &
Altschul, Proc, Nat’l. Acad. Sci, USA 90:5873-5787 (1993)). One measure of similarity
provided by the BLAST algorithm is the smallest swrn probability (P(N)), which provides an

indication of the probability by which a match between two nucleotide or amino acid

sequences would oceur by chance. For example, a nucleic acid may be considered simnilar to
a reference sequence if the smallest sum probability in a comparison of the test nucleic acid
to the reference nuc}_sic acid is less than about 0.2, less than abowt 0.01, or less than about
0.001.
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[ 192] Various types of tnutagenesis are used in the invention fora
variety of purposes, including but not limted to, to produce novel
synt hetases or tRNAs, to nutate tRNA nolecules, to produce |ibraries of
tR NAs, to nutate RS nolecules, to produce |libraries of syntluetases,
to produce sel ector codons, to insert selector codons that encode a
selected amno acid in a protein or polypeptide of interest. They

i ncl ude but™ 3882 imited to site- 65 WD 20061063302CT/US2005/043603

PCT1LI 526051043603 directed, random point nutagenesis, honol ogous

reconbi nati on, D'\l'ﬁilﬁﬁéﬁé s-aHQOQferI?fot&%fﬂarﬁigﬁ%{r%éﬁ%m%kt agenesi s met hods,
chineric QQJnSt r '{ﬁl)}nf?ﬁuot g@:ﬂaﬁg eprdes ! 419 hé;%ﬁéalt Bﬂhln%u'ﬂ:g nsddCfPlat es,

ol i gonuc eoti de rected nrutagenosis, pho or ot hi oat e- nodi fi ed DNA

mut agene@ﬂ@monmm@@n@rsméat@@m igdp@éed b@iﬂ@l@& ie@m:ws fhecleptids seprengny
conbi nat i on, t her t S Jreth clu i.nt.. m.smatch
fepair, m%g% gohyeng entl pud ;éldﬁelgie [Xal F-_dz% { dﬁ%ﬁgﬁ 28 so 1%?&%0 r@ c%%ﬁh Bonvertmoml
restri ctmeihe@el amamam@nmerxﬁlsleﬁﬁm SBQtEBnmJIHaij}ﬁqﬁdagamd detletiiaah synthesis,

nmut agenes ta e ot al ene synt hes doub] e- strand preak
repair, ﬁli&ﬂlﬁ & %@? i)ﬁlfﬁg si%, s gnci‘li“u 15%]1“81:5? Fo SYIRSER g WEgen

i nvol vi NgligoRhdIBAiHEs £O ﬂ@;g&lbl@hé‘sed b tal Siind BG4 wdashckBe Eﬂéﬁeﬁftﬁ%@%eptlde
invention. In_one enbodi nent, nutagenesis can be gui ded known

i nf or mat BenPiEferithe selpcpg riapseycaderu PRl Hi rf%’l“éf'éiumeﬁ@r haogt t“éli1 é%l Biicthifteat ed
nat ur al | }cQeGHE: 188, 8Rke Ml ege heDGlchdi NG, DMk 1@043vé1m1ﬁ£ﬁoﬁg%mm&%nce

sequence conparisons, physical” properti es, secondary tertiary,
quat er nagajiinstforpettiews, ofdhy éesipd nolypestida map be sypahesizrband asgablehhy ]i"éBet s and

exanpl esyLayng, | ng%ﬁ DafGSEH) eSe%“&gf()ﬂgéz%“%% e, AIELORA 5o, h £ gmAL T ON

is found Tn the oW ng pullcat erences cited within: Ling
et at, AgpNoHShBaC S, BNAZ hubislyem ewproratad lovelesshentiersimal Bi ochem £

it agenclrd uai Agt ReviRbies St R B B R R e

57: 369- 3Rk 99 @jsploSng tﬁa gehenal\metthc&is i b egie RS iisrentfonnmcliRgy/SarGesvkter ol.,

19,225 0B 13O 2SR G SO G50 AR heAsAohz o T

- Si t e-di r Bgiredionut aJebesiosy Jvﬁm@ﬂ hepa0);) and2 Bidrrdn: (Proflot 88 6 Mdfarnke|Bisldhe

~efficien go tide directed rrmagsne5|s in Nucleic Acids &
Mol ecul a&%}%ﬂﬁjﬁ ‘f%ﬂi@ F. and L| |1 ey D.MJ. eds., Springer

it agenclPl vi i 98%%@%53“;{3 G R A o

82: 488- 4@31]1(1&19&&)@ Mwﬁméui@t Clahing lT@l@@&ﬁ@e&ﬁdﬂdﬁl Bﬂﬁ&mldge-\@ﬁﬁfecl;fz

mut agenesi s, wi t enotypi ¢ sel ection ods.in_Bnzym

367- 382 %&@‘8@3“* P”S&% ¢ Plego, \iip SREEEGE: psﬁﬂgg?%s%ioﬁls hméﬁmu ndi ng

speci fi C]déﬂoﬁcﬁmwﬁqmﬁﬁp@zna@d ?4%2453 CHR88)n I\%H‘aﬂh@f 18bo2ibiN Cold Spring

di gonucl eotide-directed mitagenesis using 3 der| veld vectors: _an

‘ef fi ci entla@pd Ngghépd 1P dceairer hind Ré ! Bighavatidns in
any DNA AR AGBRALL, eds., Current Protacals, 2 joint venture between Gresne Publishing Associates,

Inc. and John Wiley & Sems, Inc., (suyplemanted through 1999) (“Ausubel™)). These texis

describe mutagenesis, the use of vectors, promoters and many other relevant topics related to,

&.2., the generation of genes or polynucleotides that include selector codons for production of
proteins that include selected amino acids (e.g., unnatural amino acids), orthogonal tRINA’s,

orthogonal syothetases, and pairs thereof,

1921 Various types of mutagenesis are used in the invention for a varisty of puposes,
including but not limited to, to produce novel synthetases or tRNAs, to mutate tRNA
molecules, to produce libraries of tRNAs, to mutate RS molecules, fo produce libraries of
| synthetases, to produce selecior codons, to insert selector codons that encode 2 selected

amino acid in a protein or polypeptide of inferest. They include but are not Hmited to site-
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Nucl ei ¢ Acids Res, 10:6487-6500 (1982); Zoller & Smth,

A igonucl eotide-directed nutagenesis of DNA fragnents cloned into ML3
vectors, Methods in Enzynol. 100:468-500 (1983); Zoller & Smth,

A i.gonucl eoti de-directed nutagenesis a sinple nmethod using two

ol i gonucl eoti deprirners and a single-stranded DNA tenpl ate, Methods in
Brrzynmol . 154:329- 350 (1987); Taylor et al., The use of
phosphor ot hi oate-nodified DNA in restriction enzyne reactions to
prepar e nwohesoBIsdA, Nnol. Acids Res. 13; 8749-8764 $h98S)as/odayd or et
al., The 66 WD 20061068802 PCTI EI S20031 043603 rapid generation of

ol i gonugl eoti de-directed nutations.at hi ue

hosphaBsE A AP BRRT FHEPR NS RE F G Reg ot PA 7 hrey qtives)
Naka”a)d@mﬁﬁwéfﬁléﬁlk@ieﬂs rdeﬂfdﬁé?lchﬂm%ﬁo @bustrealon] Slita@fheEid dQAR GERASentNang!

cl eavage by phosphorothinate groups and it plication to
ol i gon&E‘P@é"F%dei’ orEdeetde gl pdge n 8EREERESc| PN %&&’E‘H"é’ﬂ%&mﬂgﬁﬁe@G@\%G%

(1986) ; ERSL Sr 1HA 1RA hRdh erchaged
ol i gonunéllﬁgéoétﬁ F%Se%uf arag%em Qsmg’g ap%de)drflueﬂ)gys Nure B Qﬁ@ﬂgw{mf{gﬁ% ¥ 1- 802

(1988) ; Adafamek s@iablpamethodt inghde P mwa@he@p@gem@’fagenesm using repair-
|
pl eosp E&Eﬁﬁh@f@n g, Oz%étabt{bh%gl% B¥a E%gfc’ﬁbzi’ﬁglf%c%qﬁ d;’é %ﬁg?%hﬂ% oS, | e

endonucl eases 1 n e presence ethidiurn
Res. 16mut8@Besd:iy total aerersyathesid, daub‘lﬂa@ragépmebl repain] @ thokle. aMptamhs,t o

| d
5443 o AEuSRhy B 40: 1558 fo, PRipd BiSRRSLEMELLE e bRl i e Wenc ¥ o,
of nut atventisn. v@ong&pb@imndﬂpmemgm cdvbbdrgaided by kndwm ifoiration 25#4e350- 367
1987 t, ti i th '
éappe?ﬂ lﬁglb? SopR ﬁﬁ’lkf’fﬁfé%r gtelfﬁl 058%% i I%LF!&B' e ro ! 8%221}8}49@3@ oﬁ of
mut at i o5 no’c"ﬂ!i@dtad tA\CdefifentRe Sequii®e c&z&@&séﬁsg)ﬁ@swall:ﬁmp@u&t s@budary, tertiary,

ol i gonucl eoti de- directed construc}}]%ﬂ mut at i ons: a gapped dupl ex DNA
pr ocedﬁ&“ﬁ?@ﬁ&ﬁ?‘“@ﬁ?gﬁ%ﬁlétmcp‘éea‘?}'t < n vi tro Nap] . Aci ds Res.

8 S 2ey S il M B ST ©

M smat GRforRRAI 1 famatlﬁ B0 (&wing€ Rlibilicatidh |an@8@f&3@ce§%ﬁed *884) Lingat er at
al ., Inproved oligonucl eotide site- dlr?cted nuta enesi s _using

vect or SAPPKefefes inEdgnipagenesisy an gyeppe tler-178 ﬂ?ﬁ’r’b@é@

ol i gont@laﬁotaz ndl!’e&ﬁ&hﬁ%aﬁeﬁ UL RS8N 8BS eltsh QQmWe wsép%%mmé 9:99:59’ il
EnzVli ri 01.  154: 382-403 1987;§|6be§;hf’edarzadeh & Heni kof f

ol i gonaetheds Mk Bigl. SIrsPTE (i m@mmzmmmw,me@ﬂ 5115
(1986) ;198 '4%%%&98%5 B dBRL 91{59@8 Q‘fmz@%gf 9,92%};599&% t;ffn%e, %Qfafg@zeszs

stabilizing t transition state Trans. Soc

bond. AScienge 2231524281 ({168B) Copgt iy anirested putaBeRests., @mﬂsﬁsus?&?iélﬂcl oni ng

f f 99 1301
(10847 AGPERIE 708 ol DADHELERRE BBEEbELRencll BB Jane
f or t heMaleplia- Biolvapi(Eclofeirh &V ek Lilior, BM.&reds.e §mimger Jedag, Rerling (1987);
nucl emk@ﬁﬁ)'ﬂg J‘qupéﬁ&%ﬁzz@ sﬁe%?i%%&h%mzﬁ%%ut%ﬁeﬁ&yﬁ? Selechdn, B301-6372

(1988)
? Natl. Acad. Sci, USA 82:488-402 (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;240-245

(1988}, Zolier & Smiith, Oligonuclectide-direcied mutagenesis using M13-derived veciors: an
efficient and general procedure for the production of point mutations in any DNA fraginent,
Nuclsie Acids Res. 10:6487-0500 (1982); Zoller & Smith, Oligonucleotide-directed
nvtagenesis of DNA fragments cloned into M13 vectors, Methods in Bnzymol. 100:468-300

(1983); Zoller & Smith, Oligonucleotide-directed mutagenesis: a simple method using two
oligonucleotide primers and a vingle-stranded DNA template, Meihods in Buzymol, 154:329-

350 (1987); Taylor et al., The use of phosphovethioate-modified DNA in restriction enzyme
reactions to prepare nicked DNA, Nucl, Acids Res, 13: 8745-8764 (1985); Taylor et al,, The
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Cassette nutagenesis: an efficient nethod for generation of nultiple
nmut ati ons at defined sites, Gene 34:315-323 (1985); Gundstrdmet at.,
ol i gonucl eoti de-directed nutagenesis by mcroscale "shot-gun gene
synthesis, Nucl. Acids Res. 13: 3305-3316 (1985); Mandecki,

ol i gonucl eoti de-directed doubl e-strand break repair in plasmids of
Escherichia colt: a nethod for site-specific inutageresis, Proc. Nail.
Acad. Sd, 77-7181 (1986); Arnold, Protein L nNeer.i for
unusual ené\glgéggr?ﬁ&gg% Current Opinion in 13iotechnol OF%%%[G%% (1993);
Sieber, et al., Nature Biotechnol ogy, 19:456-460 (2001); W P. C 67 WO
2006/ 068‘8_@'2 RET4:{0820Y. nliDAB6beideStirenmbr puldvnr eai370gh 388Gty ( 1884) ;

A 1 odAPPREUTL BRIy B N b BEtn 608 87 o bR hoas

yr Enzm&ét@ﬁvﬁl@zﬁuﬁa of Bktrionioh eRdoalidense 8RCr tbasgaIBebidshigamiolel Sofer
t roubl e- shoot i r obl ?ms W th varioqus nut agene5| s, et hods %94%
went i on,

A i gonucést i gm 18, 1§ Oligelegfie- ARC IR P HIGEHIEET

e.g., muIgal;igagerk b as LeSm:0fddRs NS p%spﬁ)%rﬁz@@zte%%’oZ@BmJ%]’eEﬂ?é DRARNAS or

RSs, are typicall synt hesi zed chem cal |y according“to the solid phase
phos phoraiiagiesss, MR@I tHAGA1 -3 EEPPb ey emyet Béai'jwéép@rﬁsf CREET s,

Tet rahedy o) ohisge 23 A0 HAB% 18020, (ADBL) B 0.uipu 3108 e I e

synt hesize as descri ci ds
Res., 12f&k60#6068ide1d833). Nycl. 9fdsRes AGUBWHIH,; Kesset dlalkagoaps! dmiebcei c

aci d cary, cust om or sta rde ed from n ari,
Sommr i SRR BRI S PRl
(ncre@ I9|4g1)94i150(i‘r)98&) TReantar &&?nmrzgo@aﬂemadu@@m)mywmog SIEH Lo

o g o B SR B o CRPIE DO ol S ol e |

host Ce|el=z§ymaf‘f@ A @it Pday@bHsGn h@%&pﬁﬁ'cﬂuﬁl&r and appfoga:mosa@miameo&&m: e VO

i ncorporation of an unnat r 1 NO and VI orthogonal, tR, NA/ RS pairs.
Host celPEIgrion i ieiaiéody, dé (7%%’ LR HotCHsPHifeet? o,

t ransf ormeed cbiEs@‘e&@tﬂMC@dmﬁ)zrarzlﬁfsadzsgf%E@Q)zpz%‘s E:Mt bRcRRyY Wb ROESes 0f the
present invention or_constructs inclu nucl eot | of the

ol
present PRt 7 0, Nﬁ%@@éﬁ@%&@ ﬁ%’é?—ﬁ?ﬁ?%l?% K@m%et\ﬁéc%’ﬁw%lfw%e
present . oN8nk O cmcﬁeg VRGBS enst cze‘%z% Bre f:@eﬂg)b 99%&?@ BRE AL AN

expr essi on vector. exa e codl ng regqgl or the orthogonal

, t
TR ettt DOnarE Rl Sy BT BHAS et bt D el gide S
d t | k t hat
e | on el AR ANY AL D EDABKDRES T OMAIONS Modh SR © o

in the flopmved ofgonpliasidedreaed osmigdiesia ivgge]3 aedvast Bethudy ralwvivies, a
eot i

In?l"f?g dgglle né—%![zgﬁ C(&ﬁ%} ]fglllt %&r%gc{%ill@%eﬁgoff p@s’le ?%%onf:cfe%%esaz-‘lc_:hgei\me\zl?%%tlorrgse ar €

m CF OOfF gari sns
defetions, Nuel, Acids Res, 14: 5115 (1986)5 Wells et al.,, Importance of hydrogen-bond

formation in stabilizing the transition state of subtilizin, Phil. Trang R, Soc. Lond A 317:

415-423 (1986); Nambiar et al., Total synthesis and cloning of a gene coding for the
ribonuclease S protein, Sgience 223: 1299-1301 {1984);. Salmar and Xhorana, Tuvtal
synthesis and expression of a gene for the nlpha-subunit of bovine rod outer segment guanine
nuclegiide-binding protein (fransducin}, Nucl, Acids Res. .14: 6361-6372 (15988); Wells o al,

Cassette mutagenesis: an efficient method for generation of multiple mutations ot defined

sites, Gene 34:315-323 (1985); Grundsttdm et al,, Oligonucleotide-directed mutagenesis by
microscale ‘shot-gun' gene synthesis, Nucl, Acids Res, 13; 3305-3316 (1985); Mandecki,
Ofigonucleotide-divected double-strand break repair in plasmids of Escherichia coli: a
method for site-specific mutagenesis, .Proc. Natl. Acad. Sci, USA, 8%7177-7181 {1986),

Arnold, Protein engineering for unusual envirowments, Current Qpinion in Biotechnology
4:450-455 (1993); Sieber, et al, Natwre Biotechmology, 19:456-460 (2001); W. P. C.
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met hods i ncluding el ectroporation (Frommet at., frec, Natl. Acad. Sci.
USA 82, 5824 (1985)), infection by viral vectors, high velocity
ballistic penetration by small particles with the nucleic acid either
within the matrix of small beads or particles; or on the surface (Kl ein
et al., Nature 327, 70-73 (1987)), and/or the like. [1971 Sever al

wel | - known net hods of introducing target nucleic acids into cells are
avai |l abl e, any of which can be used in the invention. These include:

fusi on ofwbhesnesizpi ent cells with bacterial protoplasissogent@i ni ng the
DNA, el ectroporation, projectile bonbardment, 68 WO 2086|068802

PCT/ US 0S/ 043603 d. i tion.wth vir I vect .
furt heih’(t Fotlpieet 1, 3%&%’[@%?@* g - Eﬁﬂebg[ fesly cleig :f—ﬁyht‘ﬁae number
of pl agubrs (p;@s)t ah g IR 1E @lﬁlﬁltalliyuﬁttﬁe Hové ﬁh‘&odsrb‘éﬁﬂé tRnd mienhbacher i a

are grownto phase and_the plasmids within the bacteria can be
i sol at J@ZMX/ ?IP@?Q”‘J@WE%SHMHR%&WW Cr?“?‘ﬂ%&ﬁl“lﬂm{l%é@owg)lmblﬁ@@ ance,

Samro%ﬂlva{]guﬁgghéeh%@m&hgﬁ are conmercially available for the
purification of pllasmds frombacteria, (see, e.g., BasyPrepTM

Fl exi Pr gpﬂ'l\/l @ﬁg&u&é&{ﬁk JBGAe Bl Qh@snesht 6@%%@&@111\;&%@ 8o

Stratagene, Tom Q agen).  The isolated and puti _
pl asni deitzrg hbr@mmf oF ﬁRiéAs rmms*pféwiaaeédmt slteringd (RIEA D Oh R Ssp e mmuy used

totr a%ﬁitff@silze& eéhe RicBfly ta@&o% %t@t &4 éo@é gpn%égér ?%%g%%%g%qdﬁlé Stk ey H&e&%&

organi s ors ontarn transl ation
term nalxemzbed by &twmagqaﬁm@ﬁfamﬂﬂrst amaiedton dietip. n?.Et(Z(}aﬂBﬁ%lS@eme):e.g,, and

P oot SRadR gy gl g, PR Db TRy SORBPPLE oNBRFE AEHpr essi on

casset tres, thotsaigI6ngsat). | east  one i ndependent term nator sequence,
sequences permtting replication of the cassette in eukaryotes, or
prokar yegss, oy daditdn,(dsseatial g nheltic nat chi b tethni o staldwidtdréeradedar s) and

sel ection rkers for both roka otic Vectors
r e SUIRRET B O of ST EA B mdieh o AReSRErERR R Rl e
eul car ypbR@oligss.RahTheSeekat Seiail GeRThb an@e(aw &n%céﬂpmpﬁes@éﬂer ts,
et al., Nature, 328:731 (1987) Schnel der, " Proteln Expr.

Puri f, T Lywo-cxmrepseguem), QRreibbreinalais et &M%@ﬂggﬁh@&ﬁﬂ SO PIYS: A

cat al ogue of bact eria and Dbact erl ophages useful for cloning_is

provi dg Thejpventian pyersiates g eﬁ@aryoﬁghwr celsoampulaiyatic kst ‘B‘%ﬂét@lil a and
Bact er '&@Bﬁ&@ f&%ﬁ%w@aeap&%uﬁi of ch @EShBLRihS BEE vRYorihb SrAIRRARS

Addi tional basic Procedures or sequencing, cloning and other aspect’s of
mol eculpais. bifblsbgslls andeuniigah W&@emﬁéwmr@aw cohdimiied d0. Basioaned,al so

o AR HRETER Ehgibg LN pIRRORNARL n Do PRk b e G
vi r t ualwhichaingindeadhpilpuchotsleof thepudselit ixwhgidmemclslﬁiagbatrr@t bmitebie, sveigdar d)
cour cod ER-Rem R ol BEREPBE AR el e R e T
avai | alifoe epmnpild) ehd/exilng r¥ifiche Methe atthaponad tEbfm the'BlrﬁhoganeJaﬁ-‘(NA synthetase,
__) and the protein fo be dertvalized are opersbly linked to gene expression control elements that
are functional in the desired host cell. The vector can be, for exaraple, in the form of a
- plasmid, a cosmid, a phags, a bacterium, a vitus, a naked polynuciestide, or 2 conjugated
polynucleotide. The vectors are introduced into «cglls and/or microorganisms by standard
methods 'inbluding electroporation (Fromun et al., Proc. Nafl. Acad. Sci. USA 8§82, 5824
(1985Y), infection by viral vectors, high velocity ballistic penetration by small particies with

the nucleie acid effher within the matrix of small beads or particles, or on the surface (Klein
et al., Nature 327, 70-73 (1987)), and/or the fike. |

(197} Several well-known methods of introducing target nucleic acids into cells ave
available, any of which can be used in the invention. These mclude: fusion of the recipient

oells with bacterial protoplasts containing the DNA, electroporation, projectile bombardment,
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Anerican Gene Conpany (Ramona, CA avail able on the Wrld Wde Wb at
genco.oonm), ExpressGen Inc. (Chicago, TL available on the Wrld Wde
Wb at expressgen.com, Operon Technol ogies Inc. (A aneda, CA) and many
ot hers. [198] The engi neered host cells cart be cultured in conventi onal
nutrient nedia nodified as appropriate for such activities as, for
exanmpl e, screening steps, activating pronoters or selecting

tr ansf or nR WO60iE®3e cel | s can optlonally be cul t ur eBCT/HEOIYHEAS gei ve
organi sms, O her useful references, for cell isolation and culture

( eg el 1§féa§ﬁqﬂﬁml{al %&Ilﬁv&nua%&jﬁl%‘fﬁ% @ﬁad"%néigl Eg&t%gg‘ééﬁg ?gh%gﬁé %294)

ture of Animal Ce asl C
PCT | US2898Ka ti3603nbel eﬁ:ﬁimrq@seqontahmgﬁﬁdl ctonﬁnmtswflﬁaymvmim Thewecyaiek and

the ref T e
ot oy e B Thk Bheb RELRL NienbOM S0l e 02 bk AR PPt T Soue
anddPhl ﬂnhﬁlfm Kuods. 11()1 ﬂ(eSJaSIQ(Se)e Eﬂrax?tagé‘eNLSIambliﬁoE)s Uk, eaambn,@uglm a:ﬁnintenmﬂ],y
Fundament ods ual ,. rin r
o dol DBRE b Vi R Egh AP Pl §omm s (Sse B By Be e
M cr obi i@ gbshalReia it SitatkdRearPn @8 S Q%%M@QIA}EE@TM fAckDQihgebhe

i

ablllty to |ncorporate unnat ural -am no aci ds dlrectl\é into rote| ns in

vivo offsieelated gidpunfed indasipidsrare thow Atrlige Baninulpiad iihproBune ot P lePdfed to
hi gh yi gleflg; ®fusMRN or zﬁﬁ%ﬁteamot:a%@&;@c@am Eﬁﬁﬁct dPRisPRUBALbPech@ St udy

the nmutant proteins in cells or possibly in |iving organlsms and the
use of ¢dEse ewcaRton Pt éﬁanﬁéa’fﬁon @mﬁmﬁm@mﬁ@@t prish fransdahion dma@tmsu C

‘uses,  fhe.aly lahcié téré‘%ééf&efok' E%agglﬂ gg%ﬁ@ By &bﬂ'% ‘%et ﬁmﬁ&lﬂrq oS! Z€s,

aciditie nu¢l eo Icities, iclitres, propérties
-into pr wiolsirasic ﬁhegne@% ontlcmx@sammmiar galeilt expyestion carsaitﬁe@mammaaﬁ deast

systemaf,|.cal n&’%P't lf @%nc%t Eééﬁ&%#%?gm%ﬁmﬁg% gpgic&%m BO&E LR ,‘r?xbe {1

protein function a crea new nisms W th nove
propert @Myoﬁwfpm&rma R(ﬂ_BfHEFEIﬂb]DESG Qrat |1 EREST 2 6l0ftleT heptors) and
i ncor po on_of i d can

P ool el RO bR AT B8 SEhIod Rofie Ui bl S,
st r uct ureplicaticth eztd/drumegmm Jin pz@hm@esn gulaiyzess, @bbthl tSye, Gilled &bl Geet y,
Y o9 0aP SRR qugs) S5 ey Mo T PR Db Sohieer Ty Bl 3okt ey of ei n

array), Pu;@déhm@ 18 (housh; qgisﬁﬂ@eh | emdclok VBerR (2L 4 ﬁﬁa) a»;&%gwgf@ot@@i ¥Her
attachi ng radi onuclid modul at i ng serum , hodul ating tissue

penet r a@%ﬂ@ﬁ@]@@%ﬁ USERHEE §§0mn&mp‘a@%s gabl ﬂveAT@%ﬁa&pﬁet TCeoeiragtieng

tissue, ofgbém% PHIBEFRBRIE Qb3 Bhedlh Setrr.:&lb‘éédz,j) Bub iR b3t BOATEAMUNagen
city, nodul ati ng protease resistance, etc: Proteins that include an -

unnat ur &fiditiegel h@ﬁlcaﬁp‘éﬁdé@ﬁ o semermitm sbatneond elten asaets pmglepidyw biclesn vt i'c
S}r:)t |b Io(rjlg Sdnﬁ pcﬁiﬁc'affcﬁg 1%%{11:15}%? ggll:)] ?%Uﬁ{%gkf\&{ags% OV, r@?@ﬁ WEHBheR: are
DNA Second Edition Scze;zrg‘z‘c American Books, NY. In addition, essenhally any nucleic acid
(and virtually any labeled nucleic acid, whether standard or nop-standard) can be custom or [y
. standard ordered from any of a variety of commercial sources, such as the Midland Cerfified
Reagent Company (Midland, TX available on the World Wide Web at mere.con), The Great
American Gene Company (Ramona, CA availahle on the World Wide Web af genco.cormny),
-ExpressGen Inc. (Chicago, L available on the World Wids Web at expressgen.com), Operon

Technologies Inc, (Alameda, CA} and many others.

[198] The engineered host cells can be cultured in conventional nuirient media
modified as appropriate for such activities as, for axémplc, screening steps, activating
promoters or selecting transformants. These cslls can optionally be cnlfured into transgenic
organdisms. Other useful references, e.g. for cell isolation and cultre (e.g., for subsequent

nucleic acid isoiation) include Freshney (1994) Culhwe of Animal Cells, 2 Manual of Basic
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and into a protein: toxicity, biodistribution, structural properties,
spectroscopi c properties, chem cal and/or photochem cal properties,
catalytic ability, half-life (including but not Iimted to, serum
half-1ife), ability to react with other nol ecul es, including but not
limted to, covalently or noncovalently, and the |ike. The conpositions
i ncluding proteins that include at |east one unnatural amno acid are
useful for, including but not limted to, novel therapeutics,

di agnost i @8y 206@fsgdayt i ¢ enzynes, industrial enzymes, BiEpgdéhgkRie!eins
(including but not limted to, antibodies), and including éut not
limted to, the study of protein-stricture 70 WD 2006/068802 PC?/ US200
1 043603 echrigus; thid eiighan, Wiey- Lessglew Bolignetie yefereooe olfedUhwain iraane #is.no

éﬁéﬂfﬁ%@%@ﬁ—ﬁ%%@%%@%@@%@f Ty hle S o

i ncl udllﬁ@ Batbarptnd Plellipe (edso (1985) Rl Sell tyr Badementileast

foul ' t. fi [ 3 g o t, at
| onst ihaoEptng- Y aBhog BRhetid Pl 8%%1%%@ ﬂfﬁﬁﬂgwﬁé hugdlt. 2t
unnat ur pdiks(eds)Thalatébochnf Merrdtislogaibledn (1998F CROSRMss, Bove Rudin /1., but  not
limted to, there can be 1, 2, 3, 4, 5, 6, 7, B, 9, or 10 or npre:

di fferefipgjsi t eghé ﬁblhhetopﬂﬂiﬁ'@ﬁlﬂe tonedtureloapine aeidd ,darﬁqtlySmto@miEms Gn viko 8, 9,

or 10 or_nore different unnatura have at
| east OWEIS Bu"t“g? SRRTY 1 A vepigess ﬂcugmﬁaki‘”%ﬁ(?gll wdai%pkﬁgh %r%r%‘ét@wt in
t he pr ofBicths,téchfldhishie] th 6teidl b g thernaii hidielBdinRellA@ hdssibhoih hirgd ven
pr ot ein with nore than ﬁne unnat ur al t he natural am no

no aci ds '
aci ds cHRawns; e e e pT hete gt gyolss 1’(* %@Pﬁm@ﬁb@ ﬁiﬁ"tsﬁ’é‘g g}ag?ﬁsfl%‘dseﬁo the

pr ot ei NTieAMiitPe #RAE WBne@liral MRy 6lidshBEieMricky BRss, aBfitln NALIMIAllicAIFNO
acids, or  can include two of the same unnatural am no acid). For a given

pr ot ei niSEFIPROHEHES. R rPTRSAOPOPRERSUIE ProfAiteo S BErelly tFeandnfiat ey B no
aci ds Cﬁﬂoﬁﬁy Lhe syﬁ&%calﬂ) hbRpeRG By stﬁwﬁ%béﬂ‘lﬁ%’{eﬂﬂ 8finao 'ﬂﬂbte'ﬂ%t‘ém
unnatural am no acid he same kind wt 'eaSt one different
unnat ur@zuct@ma%cra@mcm@@]s 089%9@&3@1‘6#%@"9#16?@% or pol ypeptides of
interest with at |east one unnatural amino acid in eukaryotie cells,
proteins_or S ically include eul caryotic

post - t r SRSERNIRAL L ba Fd By R&Hr t ai n enbodi ments, a protein

i ncludegoat | eaﬁ& 1@aﬁaordﬁﬁﬂ&iftﬁnahmﬁﬂﬁla@%n@s€bl goidngn e &@@%r QNEiPYSHF -
translational nodification that is made in vivo by a eukaryotie cell,

wher e t%@fﬁ&% ﬁ“%“ﬁ%’ﬁéﬁué{i‘?téﬁ&?"d o diieripaehassrsiia PR et e yodordhekiary ot i ¢
cell. %ﬁ% a9p| Riaul) hz@uc&% Bﬁzh&ﬁﬁ Ei?dr@érén%n&ﬁg Ifl}h:ﬁ'@ﬁh'o@@ﬁ 3, rh@ée‘s'ﬁ'@ﬁty of

i ncl udi ng not limted fo, acetylation tion

| i pi d- np@lersedaestoifes, Fasaing ém ﬁlcieﬁfﬂmcb’éﬁﬁlbﬂlhﬂ'ét lgaﬂaﬂdttpoﬁm a protein array),
phosphoga,al 50&010%@{@05&%%51%&5@%&@% | G8La0. atﬁ&mgjgogyiaafohﬁmsand the

like. In yét anot aspect, thé pos ation i catron I ncludes
pr ot eol yridetpe comgs hafglifef mpﬂ@@tmgstsm@ pepétratibo de-agtubwes) noeduldiing tetive o,

cal ci t opL R, ClERRny GRLG! LA U 98RET "BEAEEY REPIHRHRLE CHLEQkting

) immunogenicity, modulating protease resistance, etv. Proteins that include an unnatural

amino acid can have enhanced or even entirely new catalytic or biophysical properties. For
| exam'ple; the following properties are optioﬁally modified by inclusion of an unnatural anﬁno
acid info a protein: toxicity, biodistribution, structural properties, spectroscopic properties,
chezﬁical_ andf/or photochemical properties, catalytic ability, half~iife (including but 1iot
limited fo, serum half-life), ability fo react with other molecules, including but not limited to,
covalently or noncovalently, and the Jike. The compositions fncluding proteins that include
at least one unnatural amino acid are usefil for, including but not limited to, novel
therapeutics, diagnostics, catalytic enzymes, industrial enzymes, binding proteins (including
.but not _Iinﬁtcd-td, antibodies), and including but not limited to, the study of protein struoture
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prepropar at hyroi d hornone, preproinsulin, proinsulin,

pr eps- opi onel anocortin, pro- opionelanocortin and the |like), assenbly
into a nmultisubunit protein or macronol ecllar assenbly, translation to
another site in the cell (including but not limted to, to organelles,
such as the ‘endoplasm o reticulum the CGol gi apparatus, the nucleus,

| ysosones, peroxisonmes, mtochondria, ehloroplasts, vacuoles, etc., or
t hrough ®hHels&semtory pathway). In certain enbodi meotreszetdvessps ot ei n
conprises a secretion or |ocalization sequence, an epitope tag, a FLAG

tag, a | ristidine usion, or, the, like. 7 .

20(c) 61’8@%@‘2}% “UBS¢ ﬁ%&%ﬁ%&‘f” ?’2’(%’1’a‘lvé}t’zﬂ%d%cz%faspz??géffz%gnpgmﬁwpr otein

in a cehdconkluhd Bunabe duedniabdinon acitdmadal Biokpeci:445e12. position are also a

feature of the present invention. For exanple, a nethod includes

grow n{pe1] i N aL frotRPREORIveat RadiBel, URludinienced: Hmitehey, & 1bReveekiliegonpri ses

a nuclﬁlirc acid that conprises at ?st one sel ector caodon and encodes a
Sattisats et lepst Haldy @ leaEhEne OF B f urt her

|
pr ot ei AEeCapldcash b 4815 ﬁ‘ﬁeaté%?i%%%é‘g
CONpPri 886 te:@Br Aot RaRRRl N add: t I bRBY hMRCid@NGnivR thdgugell and

recogni zes the sel ector codon; and, an orthogonal am noacyl-tRNA

synt hefid&ent drhgjng hratmot priedkioe ficreatanbedniZndabyi: &t @s8ther & PRNAMA th t he

sel ect ] kd. pigal - o] [ '

et vi el BB BELE prdR 68 coborkE 25 L N8 TTER GE TS SRR ERREL, o

codon. uaprdtasiine pidsd ue ecbidiy ntaftihgvenstibretonss gl fewerahidredt, uf e paifictlme

present _invention., . [.204], The co itihons of the present.invention and

Conpos PEIB ST g Cevieit ROGURGR HeDs PRLEHT SRUEALT R ObErShal | v

ar e i npmwtetretwlth nibrethsd: siNAL RS Nad Bdo the unfidiryl fhiad addnaoberestical t he

present i.nvention .can then he. used in a host stem s translation

echi n& GRG0t A 40 FisRigt £A AR FEP e CHFFRARIRal ani no

Ol 825 Bt e Exandl ma Lhe B arvor e et D Codethnd
: , entitled "Expandi ng the Eulcaryotie Genpetic ;- an

10/ 126P6BH TERTAP - RTOVRPERT RSN ER R GARETORALSS AR R 01 DS’

descri Rgnd biferdt SQCLSMAMCRAbE: IRRlRORARBLIREs 84l oP¥e sdied BRERHAR ot FOI

exanpl e, when an O-tRNAIO-RS pair is introduced into a host, e.g.,
Escl zekpgrpadiffgent mppaabapincpddds to the in vivo incorporation of

sel ect paRAM NEBAGIEucIRHERIAS @MpolMRPMNRlin@RINGHRAE! Rast@nd van@udy Nt heti ¢

am no acid, such as derivative of "a | eucine amno acid, wnch can be
exogensuipyechddetilerotihecly pwidnsmedialmeptidss ovil Garelyi includencukaiypiénse ‘to a
sel ect gL GaUMRonORLIRRAkY HNEEATBORIARARS OfrokleiPhESCRULIYENt | On
can beinan invitro translation system or in an in vivo systen(s).

[ 205) manpthyprlatrgtopc{domd pbletdt ore pdveraskdionzhabdification thesisansde nsdyodey mnmi no

aci d, . t 1 AQ: aGi A an ; ndi.ng: codi ng |
! oi 18oiE bt SRALNE B SHNRAE oeitRlch M6 AR SERBIRLIGIEAN 12 e
pr oduc@dr wsimmge,t fhe webposiation msodifivdtiore tifvhdss, hiecleding Ybyhot Hmited to,

acetylation,  acylation, lipid-modification, palmitoylation, paimitate  addition,

phosphorylation, glycolipid-linkags modification, glycosylation, and the like. In yef another
aspect, ﬁxe post-ranslation medification includes proteolytic processing of precursors’
(inchuding but not limited to, calcitonin precurser, calcitonin gene-related peptide precursor,

proproparathyroid ‘Thormone, preproinsulin, proinsulin, prepro-opiomelanocortin,  pro-

opiomelanocortin and the like), assembly into a muliisubunit protein or macromolecular

gssembly, tranglation to another site in the cell (including but not limited to, to orpaneclies,

such as the endoplasmie reticulum, the Golgi apparaius, the nucleus, lysosomes, peroxisomes,

witochondria, chloroplasts, vacuecles, ete, or thwough the secretory pathway). In certain
embodiments, the protein comprises a gecrefion or localization seqience, an epilope tag, a
FLAG tag, a polyhistidine tag, a GST fusion, or the like,
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pol ypeptide is suitable for incorporation of one or nore selected am no
acids. No attenpt is nmde to identify the hundreds of thousands of

| tnown proteins, any of which can be nodified to include one or nore
unnatural amno acid, e.g., by tailoring any avail able mutation nethods
to include one or nore appropriate selector codon in a rel evant

transl ati on system Conmobn sequence repositories for Jnmown proteins -

i ncl ude GenBank EIVISL, DDB7 and the NCBL Ot her repositories can easily
be identi f meehobyusssear ching the internet. 72 WO 20061068802005/043603

PCT/ U32005/ 043603 (2061 Typically, the proteins are e.g., at |east

60% at S east . 75% at .lea 80% east ,90% at, ast
ooon o LIV 6ol Mt of Patcins & MeRRi S| BitE A STt e i f Geapied

t her apeupds@icR Q] Riok fedudiodHe @sdsbil 1@%@{0@' For &AmpRIYSkihb@inc RAZGYHBwine!
portlon thereof, and the like), and t conprlse one  or nore _selected

am no aciid® EREApHeeERmy Wéﬁ%lbémereéhe GEéﬂu fézawa%%ﬁcm lswdoidtihvd compides iths
that camche eﬂmews'oéog a&pémaabeg 8 fp%@n Oy @&ﬁchﬁﬁhf‘e%&@&e@éﬂlﬂ@ac@%ﬂre e.g.,

an unnatural am no aci can ound, but not [imted to, those 1 n

USSI NT  h6/@REE8T compriteheth dusqsanalitRgAL (etRRh ) Biely Buptionedn i eellCoutk; !

and, U. P t li .o er | /. + 1N
Vo NGRS R RO, T R i Bloa 388, Snfeta ket
enbodi nepeRrentiipy aniabelhies rﬂzqo@lt&héptuﬂd &woa‘elmimtlerrmmt acfdr Tppncztliyp r,het ber eof)
in the n&%? ds _and/ or conposi.tions _of the pr.e vention i S encoded
by & mucROVS S SRR Rt R et Bt e R YRR Yo Rt o
sel ect or seb@@@bodod! Algasih protacaldlyarit arthod theMms,a fealrs bEhs prekdit Beagiihect or
codon, at |east four selector cations, at |east five sel ector codons, at
I e?st Si Eeus]el ectmae '@iﬁfﬁeﬁhm&t of ﬁﬁspre&avameﬁméﬁ@ﬁ@rco@wm{mm raddel i&;ashe ei ght
se ector at least nine s ctor ,codo el ect or
Coton [ BERS N IE R e SRR bt Ao ek GRENIPORS SHEC b can
be mut ag@zﬂiv?@dl dbipBEnts RO WekdontiddQMA o ORI of 2 Bdst dykteinrs tdGlagst and
descri bed hereln under Wut agenesj s and O her Mol ecul ar Blologamg

Techni quiBéehigsgy,| ek gesulty 1y 2 Sﬂ?Féedo POgr 8l - Ee FBRANEEl EHIIP 0§14 1

i ncor por akhptaRh nﬁo %@r&@ﬁle @aﬁﬁ‘ﬂ @911@%1@& USs9 10/8&51 864 BAGHAE aBx@RuRe 1ReT d.
For exanple, a nucleic interest is nutageni zed to

cid
i ncl ude BWETsHie n%ffﬂé’ﬂf‘s&ﬂ%t épd c,18/c18'?r95)7preamlféﬁ g’ EBP MHORHIBATIE G the
one or P& e, eVt m"’dﬁescﬁué}’tbw ﬂﬁb@%ts Udl o 83 of’a@éddherg—ﬁeby

i nvention includes any such variant, e.g., nmutant, versions any

pr ot ei n, segerepoe. | Ferl erdionly. a%henl@a@ttRbI@éO et el tatridnesdainiad @ @sm $&rly,

t he inve

nucl el o By B Ra R HE 4B SRR AR Pl acls, B oF

sel ect edwaniingd ambriochcid 2094 smmm@oamp; ateanddiatveiofie Lauckes aminsebiEct ed

n | n n
am no ac ch%ar? bg aexogue%gus{]y a&deg’ ?o Ithe groxg’zh medinm, info a protein, in response fo a

gelector codon. Optionally, the compositions of the present invention can be in an in vitro

franslation system, or in an in vivo systeru(s).

[205] Any protein {or portion therecf) that includes a sclected amino acid, e.g, an
unnatural 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 herein. Any
polypeptide is suitable for incorporation of one or more selected amino acids. No attempt is
made {0 identify the hnmdreds of thousands of known proteins, any of which can be modified
‘o include one or more unnatural amino acid, e.g., by tailoring auy available mutation
methods to include one or more appropriate selector codon in a relevant translation system.
Common sequence 1ep031i0nes for known proteins include GenBanl EMBL DDBT and the
NCPBIL Other tepositories can easily be identified by searching the internet.
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organi sns that are adapted for the in vivo incorporation of the selected
amno acid via orthogonal tRNA/RS pairs. Host cells are genetically
engi neered (e,g., transformed, transduced or transfected) with one or
nore vectors that express the orthogonal tRNA, the orthogonal tRNA
synt hetase, and a vector That encodes the protein to be derivatized.
Each of these conmponents can be on the sane vector, or each can be on a
separ at e ¥eEtwHessgawo conponents can be on one vect RCTAREBAESSBNI r d
conponent on a second vector. The vector can 73 WD 20061068802 PC /t
52043! (@@603 f)"ﬁ%&ﬂ}ﬁf& p‘?@%@ﬁ?ér@’e zgtl OQ/HE’t stay{}*?l asEsdysoa gosmd, a

phase, cteri 'rus, a na ol yruc eo i'de,” ‘or a conj ugat ed
- pol ynuc¥®Batat dest LT ERNATF DS BY ST EMBadt 29.%)0r Seore idehtict tm&ww&@bhanﬁeibeen
into  prote

enpl oye nt roduce ur no_aci d

on- 1 scuibihRRGEES et F e Bin fRPS el BT P SR AT #ee
syst ensihe lReX Eﬁtﬁﬂzb airhigite @he atune: @fdctid ammdlamactaxm led dethelpdutls, such
as Lys, Cé/q% and y re%&lt%g t he caonversi on of l;l ne . to

N2- acet §P tesiaReiEs S/??Fﬁ’ééﬁl%h 90 CHRBVICES Bzamog% FLPGhEPEPwar d
net hod $a@3, 'é‘&oé@%ﬁéﬁﬁ‘aiuﬂrﬂﬁabuicﬁi @ Ja0faed dsit O tihikheo, ﬁx%geeﬂ{ USSN
devel oprrent of enzymatic |igation and native chemical |igation of

pept i delt¥¥Rgive ﬁ?@ledl“ﬁxﬁé@dlﬁﬁﬁ@llﬁﬂkm’@?@ ke Crda'gend, Br %tPéiﬂﬁ'sﬁP@éémﬂe g.
'Nu?rg)Qr $o/155,03+ e‘éﬁgé@ =Rk ORAYE0 Qgﬂ?mmf@ﬁ PRdvat
Chem cal pepti

gat'i'on and native chem ca I'gation are descri bed in
U. S. PaﬁkHNOMEESG 184, 344, U.S. Patent Publication No. 2004/0138412,
U.S. Patent Publication No. 2003/0208046, WD 02/098902, and WD
031042213871 whi dhoafas dﬁﬁ@dimmtsaﬂledmbjm vigfolpepists of fraeredt for pArtige fiercaf) i n
vitro b t u he
acyl at e}éﬂﬁé{%ﬁ}%ﬁi ol esit egc’%@n‘ﬁ’\é\?’ﬁ?ﬁ; ﬁ%%“ﬁ%{‘aagﬁg Eﬁ'&@e&% ogcgéﬁc %Gﬁdw tro
extract qunq:mﬂpl#:&e wfcleicuppontpring apleadt enemelmas y(ﬁﬁohﬁs lezst thasciagenodisgd to -
site- spe al I | neorpor a ver nat u aci d into a
vart et yadrshigiearede bR B e setes trtode df R M S0eAR Sdgsr i sh. o
Mendel &E\ﬁ sik. sel@xtor%hchﬂsl aﬁ,leamﬁiw selebt@ooddid at 166t cifiiQtled&Adon3da Gadr
(1995); qfﬁ‘@ . Anthony-Cahill, MC Giffith, P.G Schultz, A
gener al et E?“?d(?f*"s §‘?“t°ém°§?)%’@GF’F6°qo%or por atl on of unnatural anmino °

acids i pr ot |ns Sci ence, 244:182-18 89 nd, J.D. G
& nbe, U PO R DG R Bei i PEOR A e e RIS M p e § 1 ¢
i ncor pomamab@nwai kR whaf oRabUkal ogk bR a@@ﬁ@cmwhtdqle@up@kﬁépaﬂﬁmg@esls apAmMm
Chem . ﬁ%i% 111:8013- 8014 (1989?§ groad range of functional %*ou ps
has beeRiehMolgigediolow ol prERsinYy pepde §t&1d?in§s°f<§'¥°fﬁi>ﬁ?3?°§?fﬁ°§@a@if %y,

pr ot ei Nink@hsHiteh ofANENKAIBL ARERNANNSL,, ANSn&HANBhinb Exéﬂsﬂbkcéxb:ﬁﬁ! ddditle An.in
vivo nethod, termed sel ective pressure incorporation, dbve | oped to

expl oi t ahr ppEis efinieyesh mtcauirside side et aweere sdéfém v@df@l proxidinBudi sa,
C. M K&y % insertion of the one or mare sélected amine acids, e.g,, unnatural amino acid. The

invention includes any such variant, e.g., mutant, versions of any protein, e.g., including at
least one selected amino acid. Similarly, the invention also includes corresponding nucleic
acids, i.e., any nuecleic acid with one or more selecfor codon that encodes ons 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 vive incorporation of the selected amino acid via
orthogonal tRNA/RS pairs. Host cells are genetically engineered (e.g., transformed,
transduced or transfected) with one or more vectors that express the orthogonal tRNA, the
orthogonal iIRNA synthetase, and a vector that encodes the protein to be derivatized. Each of
these components can be on th_e same vecior, or each can be onm a separaie vector, two

components can be on one vector and the third component on a second vector. The vector can
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Al efel der, W Wenger, F. M Dong, L. Mdroder and R Huber, FASBB J.,
13:41 (1999). An auxotrophic strain, in which the rel evant netabolic.
pat hway supplying the cell with a particular natural amno acid is
switched off, is grown in mniml nedia containing limted
concentrations of the natural amno acid, while transcription of the
target gene is repressed, At the onset of a stationary growth phase,
the natural amno acid is depleted and replaced wth the ninmatviral
am no acidoaomlesgez | nducti on of expression of the resomEzmanize ot ei n
74 WD 2006( 068802 PCTI U52005/ 04360 results in the accunul ation of a

prot ei nt ai ni n he_ unn tu £ana Far usin t hi

B rat egs: 1B HAdn B I bP B RERYIar SRS REse TEBIPRGSY Hor ACE nt o
pr ot ei wyrgagond@mlal@b ugmﬁ,@m@g&@él stc shoulders in the LTV spectrum
whi ch can be easi | dentlfl ed, see, e.g., C Mnks, R Huber, L.

NbroderAngngﬁ\g@E$§MSAnal Bi ochem , 284:29 (2000);
trifluoronrethionine has been used to replace nethionine in

bact erippflage Tdvel SOZAYIB fiRe b@é ij{a\‘i th ri'ﬁtﬁ:fci@@é ﬁr@l@tu.‘r‘m tabino acids inte
chi tool i gosaccharide |igands b see, e. H Duewel, E. Daub,

V. Roblmgf@ws andmn—rmm#:@ﬁ@tkhosac@é%@ﬁit@fimycd e 33&@&1 C(rlzggqajl-freanﬂfstems
trifluepgl % ti‘f'fe%tﬁgssi%%ﬂ m@su&hg& és&m%su&@asw ting

in increase ernra em cal stabill ty o LUt ne- 21 pper
pr ot e| nthe S@ayeramg of ‘}rymn?fa‘mgN@cet@dvmlfandéihewalAsyMisaglsir piseikey iama, W

. G .ado. .and eII n nt 0: 1494
( 200 1) %ﬁgowgrr mef‘gedr % 18 :’i“t% ﬁ\lﬂ%@lr a nagﬂ? rer% ﬁl%sr oWetEﬁl?eorﬁ et é d{?avrefel pprucLt
i ncor poarf&b@ﬁhatm hgathba Rhdusive eloarnidd Haatbn pf pdptinagricnts] A éd gokdiblt & hbie

Rlnr i Rl HR ek s bl ofeEh B4 SPBRB Kert S, B 2g0q0) .

J.jo bes. Qiemic@'l\/i!e@ﬁtkeﬁligau&ﬂ and&éﬂkd ehemisal E’gat@@fﬁ deBan@dl Al a1, Phiend€bi oda )

and M tada, Nat. Struct. Bia sa, . B._Steipe,

T Dertingt) MRtk LK Froiers Yos RN AL FU St ety No

Bi oc henﬁoo%@@ol@&ml@ﬁ@&yomﬁd Wo. Buglioses, Wicl &3 J{ted % rSe@hapacher,
A. Humm L. Prade, T. Neuefeind, L Moroder and R Huber Mol . Biol.,
270: 61611@5%97/’7 gengeal Hr gifrch Blosyaifhelo gsthni v vk @ riapigpsse IR chemically

funeti onglijehi o HRVRAISAnRERD @ﬁ%%ﬂ%%@% &f £ﬂ §il G0b] hiract 2h)BW 59 T or
additional nodification of proteins chem cal neans. See, e.g., J. C
van Heawppcah%g protoi bigsyntldsis, hFEB@M‘@Fg to wgspf@aicelbgg@))rpoyaw gver {#h Hest,

2 2 and,
IC L § %glrlf% %)dbﬂsﬁﬂorrlﬁsxlrmlé t"f(lmpjfgetra edr on %% ]5% 00% %O%ts
Pat ent C‘errms!@ Bade Rl md R. S5 Schélitze AngeRy KlHema fit GRd, -@w',’ (\I\ﬁﬁﬁ,‘n are

I ncor pokat y e; ok r 2 C [ e
dependségnﬁﬁhg ?gco n&?p(’gaﬁlg gfﬁ eG%fﬁ%lé% ur a Ch?ndfﬁ%%%éeg% z%}ﬁ% J%? gy

am npac@esﬁﬂ%owrﬂzhebﬁmturm:m@ adidy igenevalss, S Ret: tﬁz‘ngSSS(é?@c)i ivity
thOplenz I;ite:h#)hﬁ (20(:] | Olfﬁ%m, .I aﬂ@el‘{l t:E‘I: @%181%05}!}’1%18&%8 S!IeE’-SBGCE t he
incorporation of a nomzaﬁural amino acid info a polypeptide, ], Ava. Chem, Sog, 111:8013~

J _ _
' 8014 (1989). A broad range of functional groups has been infroduced into proteins for

studies of protein gtability, protein folding, enzyme mechanisni, and signal transduiction.

2131 An in vivo method, termed sélactive pressure incorporation, was developed to
gxploit the promiscuity of wild-type synihetases. Sez eg, N. Budiga, C. Minks, S.
Alefelder, W. Wenger, F. M. Dong, L. Moreder and R. I—Iubef, FASEB J., 13:41 (1999). An

awxotrophic 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 Hmited
concenirations of the natural amine acid, while transcription of the farget gene is repressed.
At the onget of a stationary growth phase, the natural amino acid is depleted and replaced

with the unnatural amino acid analog. Induction of expression of the recombinant protein
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rel ax the substrate specificity of am noacyl -t RNA synt het ases, which has
been achieved in a limted nunber of cases. For exanple, replacenent of
Al a29s by Ay in Escherichia coli phenylal anyl-tRNA synt het ase (PheRS)

i ncreases the size of substrate binding pocket, and results in the

acyl ation of tRNAPhe by p-d -phenyl al anine (p-d -Pho). See, M |bba, P.

| Cast and H 1lieznrecke, Biochem stry 33:7107 (1994). An Escherichia
tali stral® 2eruee¥el ng this nutant PheRS al |l ows the Pocos:panakizon of

p- C1- phenyl al ani ne or p Br - phenyl alart ue in place of phenyl al ani ne.
See, cleco, .FEBS Lett ., 364:272 (1995).. and, N.
75 o 201 Bhiae 03 R e LB B gk0S R RS epflr 1 B B L B and D
A Tirriek lstratefBS, ketahd p-AGTspBdn(2000) hali ttduainbytporaied Gitotproteind, ahilon

Phel 30Se near he am. ng acid bi ndi site aof Escherichi al |

tyrosy Ia é%?ﬁ%?%%@“@ﬁ‘s“' 3 I”Fﬁ\?\‘ﬂogﬁ C&P’Plowlﬁlz%?ﬂlﬁec?@PWeﬁ?r@%B% €6,

I NCor pQigs t@dMEHlEse refiliet, eJDtWronEiaﬁhdtW%Hiw AnaPe8iochem, H@B’@’ﬂ} TZ%]OG}'ikU T.
| wana, Sai t 0- Yano, K, Takaku, Y. Monden, M Kitabat ake, 1), and

s Ni s Hiifhprametionie dis bexerd fozmslﬁmgthnmo@)baCfﬁzquspgeAFﬁotmmgt’w at egy
to 'nC%ﬂg 1’L§:11 ez‘é&ﬁzabtﬂhatl,hﬁ géﬁhééh&aﬁkhwmngt ;ssée, % | MOpdeRvel @, MOdi Ty

synt het as roof rea methani's nt’het asés cannot

di scri auht €. hfuwnsmenéf Gt éioaﬁcr, Mh@matm 36:34e4 (1§91)haz1d Taﬂaors’@mmmthms ally
a SepartsroitpuSRErioe LS o BTRE BREE: ] bR rERIGRE e
tRNA ta lam::m»mppmr poeeit. i fke) ¢ngoTarxgr Gt Ghinlatdea®is IpatPletkn T.Nakgjines, W. F.

{)Lg?f ;(rﬁ(aﬁ%f?’s }jw ty of]F t se sgghet ﬁﬁeglflﬁd'{sa@&ﬁ% @%ﬁgcylral ?nal 0gs

i ncor peelet@dethidhibs aﬁpﬁﬂﬁmﬁﬂ@tm&eb@@ﬂc@i@ﬁﬁﬁﬁ&ﬁﬁtﬁtv@ﬁousrm@mtﬂaﬂ Mbietst he

val yl -t RNA eta .
Vang o1 PO s SpRe S %a&%lé%%ﬁ b et sl b Ll
Mar| | ene, Heeineaeen. M292madd:, ERON1Y., oMBERS1I8N IMC BHIBORC Leringd]l RNAVal
with Cys, Thr, or amngbi tt{bgustfl (A| m,;..t hese nonco nate am no acids

are subsEgisentd \Pdepe PoPysiae pe aadiMdi Hrieda fruct. 2483 R8s

nut agenesgf o fseelﬁ%sqh%h&ag@ & Hokeer QRO D SO ym R fﬂd& q:otm%gpfz%l ghia
soli strain was.sel ect has a nmutation in the editing site of

Val RS. Bipgheme fi30:788 {(E¥H\aad, MaBrdsd, i¥ oKeabiork, & hdrigeesherNA ilth Cys.
Becaus UmpSiy i aced
oren s G TP B, 1Y MERRPRAOR, i 1 AR RELUBAE (310 MoBBBECTT s
when tramslommﬂnt alEswher |a&<tma famtwnaﬁnqssahwm slsagrbwm inaurpokredp piisienitie of
Abu. Mags cr.r tr| n sh t hat . about ,24% o al are
repl acet OYB"V e Eg \;acla %teslﬁo? hePﬁca% %lganﬁatsf ve"’p? q/ Vie'tlflﬁs[tZM]
Sol i d- mhé@eAsTmeﬂiﬁEEBS aeid, @smgm@hém‘: CvarE &0 &S LhRiiek akd$o Aaltiradiel] f or
the SYDLNGSLS sOf Pitloos) oRf % £ R3aC A R Al Ml hisasd! 4
{2000y, US. Patent No. 6,586,207; 1J.S. Patent Publication 2002/0042097, which are ‘

incorporated by reference herein, _ _ Loy

[212] The success of this method depends on the recognition of the nunatural amino
acid analogs by aminoacyl-{RNA 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-tRINA. synthetases, which has been achieved in 2
- limited number of cases. For example, replacement of Ala®™* by Gly in Escherichia coli
phenylalanyl4RNA synthetase (PheRS) increases the size of substrate binding pocket-, and
results in the acylation of {RNAPhe by p-Cl-phenylalanine (p-Cl-Phe). See, M. Tbba, P. Kast
and F. Heunecke, Biochemistﬁr, 33:7107 (1994). An Escherichia coli strain harboring this
umtant PheRS allows the incorperation of p-Cl-phenylalanine or p-Br-phenylalanine in place
of phenylalanine. See, e.g, M, Thba and H. Hennecke, FEBS Lett., 364:272 (1995); and, N.
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foll owi ng publications and references cited within, which are as
follows: Crick, F.H C., Barrett, L. Brenner, S. Watts-Tobin, R General
nature of the genetic code for proteins. Nature, 192:1227-1232 (1961);
Hof mann, I C., Bohn, H Studies on polypeptides, UM The effect of _
pyrazol e-i nsi dazol e repl acenents on the S -protein activating potency of
an S- peptide fragnent; J. Am Che 88(24):5914-5919 (1966); Kaiser, E.T.
Synt hetic approaches to biologically active peptides and proteins

i ncl udi ng vannzsweEes, Ace Chem Res, 22:47-54 (1989); pNakedoitlidos T
Sasaki, T,, Kaiser, E T. Peptide segrrent coupl ing catalyzed by the

sem synt hetic enzyne thiosubtilfsln,_ m Soc. 109; 3805-3810
(1987) ; Sighn Y. Zayicr, ki Kast met ob; @%&»0%@%@6@@%%@@516%@% amft S B

1. Conghihg Eﬂ&z@ﬁ&tr&wﬁgebzxmg&»éaa%ﬁamg QitZ bp @:@aﬁeﬁ%g%h s{%ea
pepti des: backbone- engi neered V protease, Science, 4): 221 225

(1992) ; syCiaiakeewas shotl tSdier agipiosinetq e mfa:émrat@@gmmﬁgﬁrﬁlyéhmfym@z@ Crit

e B LR P AP T € ol Py o ST BRTHTO b

Bur ni er Solland SQishinns, J. Sohohey., EMLLL(}:I@@;OOG) Wells, J.A A Designed
A with Unnatural

Pept i de ,li.gase ,f o nt hesi s onuc

Car al yt PR i’ iy (DHObERRE Ta%sl 37 S0BET% Pl B 1

m;du fi c@;bdh@r sgﬂﬁetﬁ%ﬁ Nthisks @alret @mo&bsrﬁizgngcaanmd sl let'yhe@é sllgﬂmattim abanmde
chai ns, _incl,udi n ctors,. spi.n a el s and_ol.igonuel.eoti de

pr ot ei n&SqrHRAR F“gi &"3@ TS gotivgle tIlﬁa‘tF\"’Ie S@é‘iii Y simgailo t&ﬁ Ei on of

a hybr i ghtSRILene eadsBec rrifﬂscelﬁir rIQ'c}@rrﬁ&ta(ﬁﬁﬂ@dsepéiﬁﬁzéiﬂéJ mmch@.aﬁ@tes $& ence,
238(4832):1401- 1403 (1987); Kai ser, Rokita, S.E. The

chemi calrisaredi g eid Srmdhe Rk Focm%"é’é‘l tihP g‘ﬂ‘iﬂ\b' OWFHEKR&PS@% N T
54; 565- ,39Rea6hg %éﬁvltmf $e rmuémle s &@Meﬁn Gt SnatChemhCab nﬂwcﬁ%ap of

enyzne actl ve Sites, Science, (4674) : 505-511 984); Noe, ‘Nanci
A, Kos hingnercajej the e@%’@mﬁt@@%fse tHﬁPI@ prategy Fis qogioach s fpe den@ﬁ@ﬁafed

243(24) 1H309¢ v@ﬂloh(éa%ﬁg%NAp Behee (glau@&‘; 'VS'évz VBaRE, HAW@%Y% It}r?rkz,yﬂe

containing a synthetic orned active site. Tl zrol sis isin

c ﬁml Sadanglg &, 31 FBddgsor, 1‘96@) Creandiogepb| 1. avkivug: mnd NaWejiethndoiege,
S P d
nto. ant L T e RS EORNASS PG 535 T B T0R65 T8y .s

Def i ni ngAtrp e pioihchesath prdtoxasids reoy e@e@quwtt)yhzy[dmmd Bedthe sditith domain,

_ Bg: ;ng dersan Jaoutgﬂt l{egl‘gegtthel fSﬁgeJ fefia cg?z G Volérgtfsgzge,\;aﬁ,{nh%}ay Jgsc%%rzc?zza 6011 ’
unnat ur afauawasn @elmddmt had a mb@nmasethefednmgts&e g \.@mﬂ h&gisza@it-defectiee
transl her e] L. .e.g., 4N the, cas t he _
Synt het Y688 HUBUEN eae AU G Bt SarSle ke T St i des
al so pr gustugler Cys is replaced with ~CH3 in Abu), the ntant ValRS also incorporates Abu into .

proteins when fhis mutant Escherichia coli strain is grown in the presence of Abu. Mass

spectromeliric analysis shows fhat gbout 24% of valines are replaced by Abu at each valine
) position in the native protein. '
[214] Solid-phase synthesis and semisynthetié methods have also allowed for the
synthesis of & number of proteins cbntainjﬂg novel amino-acids, For example, see the
following publications and references cited within, which are as follows: Crick, FH.C,,
Rarrett, L. Bremner, S. Watts—"fohin, R. General nature of the genefic code for proteins.
Nattzre; 192:1227-1232 (1961); Hofinann, K., Bohn, H. Studies on polypeptides. XXXVI
The effect of pyrazole-imidazole replacements on the Sf;z-atef;z activaiing potency of an S-
pepz‘z‘de Sragment, J. Am Chem, 88{24):5914-3919 (1966); Kaiser, B.T. Synthetic approaches
to Biologicolly active peptides and proteins including enyzmes, Acc Chem Res, 22:47-54

(1989); Nakatsuka, T., Sasaki, 1., Kaiser, B.T. Peptide segment coupling catalyzed by the |
seniisynthetic enzyme thiosubtilisin, | Am Chem Soc, 109:3808-3810 (1987); Schunolzer, M.,
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new structural features which can be recognized, e.g.. in inmunol ogica
assays. The generation of antisera, which specifically bind the

pol ypepti des of the present invention, as well as the pol ypeptides

whi ch are bound by such antisera, are a feature of the present
invention. The term "antibody," as used herein, includes, but is not
limted to a pol ypeptide substantially encoded by an i mmunogl obulin
gene or i muneglsedorl i n genes, or fragments thereof whiekospeshiically
bind and recogni ze an. analyte (antigen). Exanples include polyolonat,

nmonocl opal , ' and single cha n antibo and t

Fr agnent-&1iof %qﬂﬁ}ﬂﬁ% f%ﬂpfeﬁg%” dﬁﬁ%igﬁﬁpﬁéﬁff%lgﬁﬁ%‘%ﬁﬁ’gp %ﬁ%‘ﬂ ar“é&ﬁ%nt s

pr oduceghbieean W%é‘eoﬁhéﬂc@rﬁéwﬂﬁgbﬁi \QQ?XIQ@QQ@QMQ%/I Semisyntheric
PCT1US20051043603 ° i ncl udi ng_ ng phage i splay, are also included in the

t er m " abtiBerdy rageins RN EEE BV BEshem.dl 1@) 25513%(1981% & Ry fa| Protein

| mmunol N S, r,.an

struct u% ¥neer;t[ gf %&er}fg %eanﬁ%ﬁ 192?\%\{% I%f? hvagﬁt j|Ea(l‘31%1?;&|qn}-é:)]Yudes RSs
and pr oBmmm, Ifrr@jenuﬁs Stmls:h@/u Rhm,A‘a Wallel 8.dv. ARS@zgef:d P&;ezdpﬂgsmﬁur fetglent i on
that sp aII y e wth
an anti %Scfifﬂgr qng’é‘?%w en pacf by gﬁ%ﬁ(ﬁ%r{é eiﬂ%”es et ﬁi%gf n‘ig’ an
am no a(‘JJQQd,)sequence To el i m nate cross-reactivity wt h ot her

honol og t he antl ntisera btracted, with av |Iabe

pr ot eantﬁghch ﬂ““"’?ﬂﬁ’é g@%@ﬁ:‘“ﬁ@%‘éﬁﬁﬂéﬁh@uﬁe 2 VERlY OQW?‘F%}I Sice

pol ypepthatiesincMiiag eofbdiers WplrdbaP@dnili@b@icRoS Mk LR @EUM& @i, el L. aci d,
tide encoded by the nucleic acid is generated and used for

a poly
ant i bod&P Wt sy & idifth: éc tTHH A 6B S0D 181N FE-BRENE yPisket 1 e%at |

the i nvaémgmaaeedée e%@m@,%%@&@ﬁimn%@ QISHM Wb, was L'éﬁieﬁ@edD@a' nst
one or nore ﬁ)e ptide or subst anti al subsequence thereof (i. at

Ceast  Bokith Sdolitenive mediieiangi nosda s ko dvnaBay Do 96ter -
potent | 8bs RORYPERLAET., LD IRLORNYBRIIN Blkakb O LR BeSH Dy Biifhen,

coIIectlve%re erred to below as “the | munogénic_ pol ypept

resul ti APEHNHEE-E LI 698Dt iNashl KiE. :séTla’efet@thOéﬂﬁﬁvélﬁoﬁ reRettiss - afelkinti vi ty
agal nst bgﬁszﬁof‘tBﬁﬁl Ch t@ %39?@%18%9&% %Eféaxari}' S48, (ﬁeﬂfﬁ‘ yeagrivity

is renove bsor ohe or nore o e cont rol
honol ogeregiye priteining o s;szézem?afﬁvh"e? ‘megoteyied gral Thnkdeksim i dat Kem Soc,

i munoa 9 , p&-od t1ser e.dn an,.

i m’runoagigy53 %ﬁ% (o?&ﬁ’or%éaggj%w{aﬁcé é?mlllr?uaﬁ%}g%a e ﬁllLﬁépft’l?deﬁg??%c%oﬁz o%ced
and pur rzzﬁa}!m}hm chescrsj;dmdscbpzbeipﬂobeFoﬁmexamMo@y coebiotipi nant Pcedcej N can
be prod ant cell. An inbred strain of mce (used in
this asg%ggds’egéﬁgel%ggggkgs are nore reproducible due to the virtual -
genet|C|dent|ty he £) . wi th the inmunogenic
protein(s) in cortrar

216} Because the polypeptides of the present invention provide a variety of new
polypeptide sequences (e.g,, comprising selecied amino acids (e.g., unnatural amine acids) in
the case of proteins synithesized in the translation systems herein, or, e.g., in ihe case of the
novel synthetases, novel sequences of standard amino acids), the polypeptides alse _ﬁrovide
new structural featuzes which can be recognized, e.g.. m immumological assays. The
generation of antisera, which specifically bind the polypeptides of the present invention, as
well as the polypeptides which are bound by such anfisera, are a feature of the present
invention. The term “antibody,” as used herein, includes, but is not limited io a polypeptide
substantially encoded by ap immunoglobulin gene or immumoglobulin genes, or fagments
thereof which specifically bind and recognize an analyvte (anfigen). Examples include
polyclonal, monoclonal, chimeric, and single chain antibodies, and the like. Fragments of

immumoglobuling, ncluding Fab fragments and fragments produced by an expression library,
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- adjuvant, such as Freund' s adjuvant, and a standard nouse i nmmuni zati on
protocol (see, e.g., Harlow and Lane (1988) Anti bodies, 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 determ ne specific i munoreactivity, [220]

Addi ti onal references and di scussion of antibodies is also found herein
and can ba applied here to defining pol ypeptidas by iranunoreactivity).
Al t er nat i w&} Aos/62887 Or nore synthetlc or reconblnant?@gh%ﬁgﬂh&gg deri ved
fromthe sequences disclosed hereinis conjugated to a carrier protein
and used as an i mmunogen. 78 WD 2006/ 068802 PCT| VS2003/ 043603 12211

Pol ycl oifgndigs maa%?rthspécm P& alse dncdwiiad i fherteia ShbRST o6 Reed HEtFARINGBens ¢

POl 'y PEPb fler i Bhysl FERRRR0 ¥ hor 18920l 6) PResSONEY PHRS &y HMpARSSay
with one or nore o? nogeni ¢ pfoteins i nmobi | 1zed on a sol

suppor t sirREreiideralinodogyi sera with a titer of 10L or greater are

sel ected, pooled and subtracted with the control synthetase pol ypeptides
to pr 0BT sulfior arteds, pib@hﬂe@nmqnt Beladespdbyy and pwtehmnnpdee iz RN AsThe

subtr acgﬁ%% pRel ed t{;é ipﬁé’s&q ZB‘{ ﬁ\k QA @&h&aﬁ?r Bndl§ SERLE LS gﬂecﬁcﬂ

reactiv agai ns honolFogues”i n-a Conpar at |

I n thi smﬂmmnmaatwemtmsmlbody@r &msermgmmcglagaanﬂtchzmzmvmtcompssw@
determ ned for, the su tr cte% tltereg éﬁ ﬁ%a @ntlsgﬁa %hl h result
in at | 58P SRS 196 AP GAEY %lyg‘ﬁ GPLRE A o™ ’(S’P Phdi ng

of t heafistrerie duinbiyyalvamhadyaiald g@te[an tsOcH ﬁemenwnm}g;elrpo@pmmeﬁ 8., akke )

conparegd to bindin 0 Lhe ont | synt het ase ho ogues. .That, is, the
otr nge?Feg; P b Biditn Mo ey s FETIHPE (e SURE B b

non- spegdii eﬁtx@@ RR@Iabd OFSthS UWeidledsS adlll by Ndenerated Na- hall @F Yanibddy/anBRgd or by
adj usti Q}% salt conditions, tenperat ure and/or the |ike. These binding

condi t | BINEERIUB PHREWS| n subsequent assays for determ ning whether a test

polypeptlde (a _pol ypeptjde being conpared to the ijpmunogenic
pol ypeptildles arfdPBF vPkel apts 6P TPEIRsERY .uerésa)pqlsgcl%ﬁ%@vﬁf&%w@ﬁwaﬁqd by

the poolgdg %g&tuft %E Qe nfopd %!6?1 Bie 84 kFRldtall B3 4udnbe %{&%Pﬁre exagpt e,
i mmunoassays i n the conp ive binding format are used fo detection

of a teghoubcﬂﬁy’«p@ét‘ﬁh@ieﬁﬂi Herstle xamptes Pﬁ@ﬂ@?@l edhe eploss -w@a@%lu ﬁ@mﬁﬁ%odu es
are rem%%ﬁ% th
the contro Oﬁélfs%}éiéal dﬁp B ?’ﬁ]t&?%fen’r%rﬁ ?1%5‘2@%‘?%%5%@%%% E ar@%ﬁg nWI
i mobi | priwbetidesd S ieduling puitseranli aptionalyesebroted ot I@V@ Hew SOdstreantividi

ool ed o) : ' or -
N R L Al
.protei nbmﬁmtoabauﬂfmpet @ith ame birnaioregof dhet betropdioedgsusbpriactedsanfittera as
conpar edﬂ%‘ggﬁ?e I Mohi B’erd rot ein(s) is conpared to the ability of

oassay.

the i mil ESEIY SR #%8%¢tded to the assay to conpete for binding
(the [219] In order to produce antisera for use In an inmnunosssay, one or more of the
immuﬁogenic polypeptides 18 produced and purified as described herein. For example,
} ~ recombinant protein can be produced in 2 recombinant cell. An inbred strain of mice (used in

-this assay because resulis are more reproducible due to the virtual genetic identity of the
tmice) is ipmmumized with the immunogenic protein(s) in combinalion with a standard
adjuvant, such as Freund's adjuvant, and a standard mouse immunization protocol (see, &.g., -
Harlow and Lane (1988) Antibodies, A Laboratorif Manual; Cold Spring Harbor Publications,

New York, for a standard description of antibody generation, immuncassay formats and

conditions that can be used to determine specific immumoreactivity,

2241 Additional references and discussion of antibodies is also found herein and can
be applied here fo defining polypeptides by immunoreactivity). Alternatively, one or more
synthetic or recombinent polypeptide derived from the sequences disclosed herein is

conjugated to a carrier profein and used as an immunogen.

78



i rmunogeni ¢ pol ypepti des conpete effectively with the i nmobilized

i nmunogeni ¢ pol ypeptides for binding to the pooled antisera). The
percent cross-reactivity for the test proteins is calculated, using
standard cal culations. [224] In a parallel assay. the ability of the
control proteins to conpete for binding to the pooled subtracted
antisera is optionally determ ned as conpared to the ability of the
i mrunogeni ¢ pol ypeptide(s) to conpete for binding to the anti sera.
Agai n, theopemseentz cross- reactivity for the controlrpobsypepissgdes is
cal cul ated, using standard calculations. Where the percent

crass-r tivi t | east l.oX i gh f t he test t.i des as
conpar égﬂt ot h]é\a/lv er? G667 %?ﬁ&d f%%té%/% 38%9 W%%éem%lgcﬁ)fpyﬁgﬁmp
pol ypephi i@ﬁ@unaﬁﬁéa}@ffoy\mﬁ@plb he iimdibag ﬁﬁmmssaﬁsmp@ha/@»ephmde@ ih8

approximately in the  ran of the, binding of the i nmunog
pol ypeawwmﬂ?éo’fﬁ%%ma g@fﬁéﬁ% P& sypeork g’@&fﬂ%ﬁaﬂ g W%Pﬁepofbwnd t he

pool ed &Lg@afe@%ee&l@@d' %@fﬁé& ald22Bdackdd @ﬁi@%(@éonﬁ%b%nﬂ%@ﬁ@%ﬁ%cb and
pool ed anti sera can used in a conpetitive binding imminoassay as

descri b@ﬂiu%w@ﬂwfﬂdﬁoébﬁﬁﬁ%lwwlﬂﬂ@%ﬂ%ﬁm ypeptide to the inmunogenic
and/ or cont roI pept i g@iﬁ@‘%ﬂi In order to nmake this canparison, the
i nunund&&i c, ﬁﬁ@ec’c fﬁiﬁ@)@?bé‘@@ﬂicﬁéﬁseaﬂf aregenttd s swsetradivity wi de

fﬁﬂ?gl %E%%% %Oﬁgérﬁ@ﬁﬁgyg}m&ﬁ subtra %g% ?‘Pserwagﬁvg gsgwred to

i mobi |diseddiretny rbdiding esttditmns |amendnogened for Gieesubiged ditrat mirysldnajm ng
st andar | t u f h t ol ype ui r.ed for
51 i g s ACRERTL i ¢ R e Mg ol 330 R RRY SRl e
i rrrrunog&nmeredgmugcmm tdBerh hathel mmmqgunﬁcephctaﬁﬂ\emccﬁrh@réde&thlpdjhg/p:embl de is -
said to specifl nd. t 1 bod ed to the i ageni ¢
D1 ot ef RN GUTHER e RSt e & UE CriBESE SO e eieton S BRI LS o or
the conkd addifel ypeptipdasc [3apdiths sah adgbirmansl ncﬁ&ahaemm Bk, | DE/eplhy '
ionally j munosorbed with

figity, th led ant
ts Eg(:: ni?@i’f@%@ E uﬁ’cﬁ%&?ﬁ@g@% ?ﬁw{éqrﬁgp %éfrlmeﬁén%%%%ﬁwﬂspﬁp V&0t des)
unti| sbﬁs’e&l@npéssa[}g £ cﬂﬁhﬁm@fwﬁe{fa@r amoﬁypewem@i BECHRY spgRthde

subtracted” pool ed antisera to the inmunog enlcdg peptide(s) ‘used in
‘the i mﬁ#&m@p&wq Bolppspiidos apd/ar the pRnteol palvipgptiden i m@eg}b@hwné b¥era is

then tegd &aﬁf%@gbl‘ﬂzlbﬁal‘é‘ﬁés&at he test polypeptide. If little or no

reactivit |s o serv ., no nore than 2x the signal to noise ratio

obser vaghor &gfhgpeég%lpﬁ{]ﬁ,ﬁdﬁ% oy BTHB 9519}15&1 ey %ﬁég iRl 2o 1B for

i mrunogeni ¢ pol ypept | e ‘test IS specl |caIIy
bound biptertion cfiattpss epkpaitide iForekanple hﬁeuqtfrd;rmefg@mtmg pridtodien are [r@ﬁamd

- UssN B eel Rl ey 39 bR e P RS S BE Whae Mo
2002! 0 8meR8ogeawtyotsipemtide(s) are then immobilized to a solid snpport which is exposed to the ‘

subtracted pooled antisera. Test proteins are added to the assay to compete for binding to the

=

pooled subfracted antisera, The ability of the test protein{s) to compete for binding to the
pooled sublracted antisera as compared .i:o the immobilized protein(s) is compared to the
ability of the immunogenic polypeplide(s) added to the assay to compeie for binding {the
immumogenic  polypeptides compete effectively with the immobilized immumogenic
polypeptides for binding to the pooled antisera). The percent cross-reactivity for the test

proteins is caleulated, using standard caloulations,

{224} In a parallel assay, the ability of the control proteins fo compete for binding to the
pooled subtraf;ted antisera is oplionally determined as compared to the ability of fhe
immunogenic polypeptide(s) to compete for binding to the antisera. Again, the percent cross-
reactivity for the contro! polypeptides is caloulated, using standard caleulations, Where the

percent cross-reactivity is at least 5-10x as high for the test polypeptidss as compared to the
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"“I'N VI VO | NCORPORATI ON OF UNNATURAL AM NO ACIDS;" U.S. Patent No.
6,927,042 entitled "d ycoprotein synthesis"; and U S. Patent Publication
No. US 2004/0198637 entitled "Protein Arrays,"” which is incorporated by
reference. KITS [2283 Kits are also a feature of the present invention.
For exanple, a kit for producing a protein that conprises at |east one
selected amno acid, e.g., an mmtural amno acid, ina cell is

provi ded, where the kit includes a container containing a polynucleotide
sequence &b M63,2806/ 458802 PCT/ U52Q05/ 043603 encodi pgrashosdeidRNA,
and/or an O tR NA, and/or a polynucl eotide sequence encodi ng an 0- RS,
and/or an O RS. In one enbodi ment, the kit further jincludes at |east

sel ect WAl HobPERIdEs and) gy whasThcndnhodhssrmolyprides i spmeTmal ine
am noacyhaf e6ul FINAQf of BE iLAUBBER ol t@tﬂ:@t RE et SARRLLEN e ffieski t

further conprises |H%struct|onal materla s for prog)um g the protein.
[ 2291 meaﬂmlwmmhammﬁmm@damsw for producing a protein that
- conprises at | east one selected amno sold, e.g, an unnatural am no

~acid, iR28 cel [xgmerl, ttlmhmtmbih@mrb@ymi@wlem&ismtchebe eied i netmpdlévea

cont ai .cont ai ni.n o) S ce _encoding a \

and/ or %} Wm%?%ad’/ o? &%%jgﬁeée@%? ottO g%‘ge%uéiﬁc%s%ﬁc%@e}“}n%&gagﬁ}%&
and/ or @médokic Iandfeﬁ&onmbp@lymﬁcﬁa(s)t e &ider farbdker thinaondedon, sied ect ed
am no acid. |In,another_ enbo

%%e Kit |ncluges an_afm noacy
t RNA of Mp@ogsieniestoAnd [cAT o? &PGPE\ offE B, AEHEIKPY o Fidhamee e G’ﬁ‘prl ses
| NSt I UCEdnBdhdkhiidR Led i lagon@rof REBGG 9@1@% B@}ﬂﬂéd){o%lﬂblt EXAMPlES indiz804 The

fol |l ow ng exa Ies are offered to jllustrate, but not to l[imt the
cl ai medh®|sbiesicl ontiseah & SFE kR PP kipecy @egghiiss o8 fpapngEspicopTotein is

non-cri &ét&ﬁahnea%ﬁig%ﬁa&d tihdkiqhRY iPfe aa&ﬁo%ﬁﬁgf el 1bdp %iypel%ﬁ%&&qm{s fgom the

scope of the clauned invention. Exanple 1: Am noacyl- Synt het ase
Selyect i bndiagan ibe cPapditieersyty Phisey Ien aiiitre tkp2gnaunt s BrABeestices wer e

SCreene
phenyl afolﬁd%hh@englgﬁg?\ﬁ#mﬁ? | i ;S/M g%&ggg&gﬁe}%&%g g%(lg é@%{,r& %eratro i aé’s
consi st edibody singratedtn teiiomsnégumic penteiyrseyidediivaarg it kreat é@et @’@h@-i Pxom

Met hano 0 he pBIC plasmd. [2321 The selection
pr ocedure %£%0£1§&3ﬁ81 OI'I ﬁ@ﬁfecony sted of five alternating rounds of

sel ecti | t hr ?% 291]0 ﬂo}{ﬂ’derte\ﬁﬂléﬂﬁcgl%f %’p czﬁ;r ggltﬂc' ‘:f’arci' Lsé&@ﬁﬁoﬁﬁ;ﬁ?ﬂ ed in

al:1r t roporate Into e selection ce i ne
( GeneHoG!lyi trtmnmmbvd/ e«viﬁelthe:tmmnmogﬂnws @Dldpepp&&@) (eefitr pibat et ovpnidhi mal

medi a p}l'}f} %:p%%ﬁée%ﬁﬁll Ei%ﬂevgr no b?iptft{ O8N thea}a?m&é lTZlBrﬂl%:[O grﬁc polypeptide subtracted

pooled auntisera to the immmunogenic polypeptide(s) used in the rmpmmosorbliion is detectable,

This fully fmmunosorbed antisera is then tested for reactivity with the test polypeptide. If
litlle or no reactivity is observed (i.e,, no more than 2x the signal to noise ratio observed for
binding of the fully immunosorbed antisera to the imrmmogenic polypeptide), then the test

) polypepnde is specifically bound by the antisera elicited by the immunogenic protsm

[227] Additional details on proteins, amhbodles antisera, efc, can be found in USSN
10/825,867 entitled “Expanding the Bukaryotic G_anetm Code;” WO 2002/085923, entitled
“IN VIVO INCORPORATION OF UNNATURAL AMJNO ACIDS;” U.S. Patent No.
6,927,042 entitled “Glycoprotein synthesis”, and U.S. Paient Publication Ne. US
2004/0198637 entitled “Protein Arrays,” which is incorporated by reference,

KITS
[228] Kits are also a feature of the present invention. For example, a kit for producing
& protein that comprises at least one selected amino acid, e.g., an unnatiral amino acid, in a

cell is provided, where the kit fncludes a container containing a polynucleotide sequence
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and the non-naturally encoded am no acid para-acetyl phenyl al ani ne
(pAP). The plates were incubated at 37C for about 40 hours at which
point the cells were harvested by scraping. The DNA was extracted using
a Qagen Mni-Prep procedure, and then was agarose gel purified to
isolate the library plasm d DNA. [2331 This DNA was then el ectroporated
into the negative selection cell line (GeneHog w th negative sel ection
pl asmi d pBARcdesssazat i ve) . These transonnants were platmwd:es0dsB:WO

2006/ 068802 PCTI US200S/ 043603 pI ates with appropriate antibiotic

w t hout the no ral,l C cid F After _.abou 17
hour's aislierd HRRGET Bt SERES sTels iR Simdit Gepnify
purifi &, asaBdang G-RE. Q@@embhdmmmem mmeﬂwh@asaamasagﬂémem acid.
purifi at| EFé g1§341 Th subsequent roundg{of sel ection were done

utilizihgy R e 4t drclndey EhEPEpRY RIS SRINAST S lﬁ‘éem‘?fhrl‘%/é@[ﬂ?aﬁg, and
DNA pureidob@aHehiOhe kit@uf@h'é?cohﬁ%esﬁﬁétﬁﬁ:@naﬁﬁ&t%l@‘for rﬁ@ic?:?’tth@ﬁoteﬁle” al

di luti ons were made of the transformed p05|t|ve sel e¢tion cells which

ver e @q ed ORnREAESE] eﬂﬁglea}s R cﬁtﬁﬁ%redu@ﬂg\é'pgdf@h %repé&wres HELE duben

pi cked and grom in a bl ock over nllg bl ock was then
repl i c&eiptt e@n@ﬁm%wmmnméw@nma@%m@ﬂ -ertyanslgionesgeamlicn hens of

chol or aenRamlLal co %ﬁ%r :'@a%&k g pd Oﬁ&gg@;}%ﬂéﬂc@ xgéo'dﬁx il &il@%,%WO%hOUt

unnat ural am no an urs o wt h™ at
pl at es awd}-ERINA sanelok w pot;mnqimtiéd stquenbe teacariapernWbHRS) m:bdrram @RSgrlewnsn t he

N1 9t 80 AL 00 R REL +EARL0LHBI Oy bl sl OFBN AL et POOr |y

in the a Sence encod am fo - Se
col oni esclalai ¢h anmtoat}ﬂﬂebfm‘fAt}éﬁllealnMan gincarnthew enlmidghdnt, ﬂ[@m Bi&enas

isolated fromt £ +] rep and agarose gel purification
and vveragmglé%fﬁgﬁ&% Om[liff?ge]" Erf%yrﬂr?q%ff:@D Ipé%t?lgon for pAF, 13 clones vere, |,
found to have unique amino acid sequences and ware subjected to furt het
char actgf | &kgn to determine the fidelity and processivity of the

PAF- - ¢ %@y R A S1nel G300 QL IRLEP LT ERL NE BNl RS ™ |
scal e r suppressi on ormed %at e non-naturally
encodednentior (Gews of shlkﬁn}l\mognmmemoé tdoi-nftrabpargetoypipthalcie ataddt he.

results re. Vv A si.ngl e col ony was pi cked and
grown ot @gﬁuﬁﬁ?%W% T%%Eﬁgﬁﬁ09ﬁﬁ @Hnﬁﬁﬁ'?ﬂgﬂ used to inoculate 50 nil of
LB. Thﬁggelbs were grown to an OD of 0.3-0.4, at which point 1.5 nt
al i quo e ‘taken as pre-induction points and the culture was split

into t fla ded t both were r own
or O30 Srimorat g SRR SRR e b iR s MR ) for s (Tre
pAF) wERH] mdu]eegﬂm tibraflesA0erd sodcabd fb@m&@@l@%@yrﬂheﬁ?smr?&@smﬁbt he,
0OD600 was cor.de 1.5 nmL were the en ;of the +f

ook ey EediiSktee, i eneily Jeed ifiioroad rinds KEReodhBied Rkt | oa, +
PAP, - piiRdtiote ethe 8Rbdyl fRIgR dyrditetakd o8RG08 Methanosoccous janmeschii in the pBK

plasmid.

- [232 The selection procednrs was preformed which consisted of five ﬁltematiug
rounds of selection, three positive, two negative. The libraries were combined in a 1:1 ratio
and electroporated into the positive selection cell line (GeneHog with positive selection
plasmid, pRER) and plated on minimal madia iﬁlates (GNMIML} with appropriaie antibiotics
and the non-naturally encoded amino acid para-acetyl phenylalanine (pAF). The plates were
incubated at 37°C for about 40 howrs at which point the cells were harvested by scraping.
The DINA. was extracted using a Qiagen Mini-Prep procedure, and then was agarose gel
purified to isolate the lbrary plasmid DNA.

[233} This DNA was then electroporated into the negative selection csll line (GeneHog

with negative selection plasmid pBAD derivative). These transformants were plated on LB
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for 10 mnutes to pellet the cells. The cells were then suspended in
proportional Bacterial Protein Extraction Reagent (BPBR, Pierce)
amounts relative to their OD50 at the tinme of harvest. DN/ase | was
added to the lysed cells and incubated at 4C for 20 m nutes. The

sanpl es were then conbined with a reducing agent and | oadi ng dye and run
on a 4-12%Bis- T.K 1S gel in H ES buffer for 30 mnutes. The gel was
washed in DI RO twice for 10 minutes and stained with coonunassie bl ue
dye. The wboessiands were conpared for the fidelity-QfsinBRi M 2 00 610
6 8 80 2 PCTIUSZO 0510 4 36 0 3 the | 1AT-tRNA RS to result in

|ncorporat| on of pAP, and the + pAF band was conpared to, the previously
sel ect dfigApDy FaRIORG At P R e FrEeEsEIg 144 G- HisRss t he

sane pra%%owrz%umae&ec%ﬁﬁv%%*égt&dmy @crﬁjhﬁé BAnE %ﬂkﬁ:ﬁ&‘b‘% Eraldfisdam
nyoglobln(S4amlvy) m Myo was then purified by |IMAC and sent

f or prd@’@grﬂlﬂs@@w‘@rﬁ\&ﬂh@repQlﬁﬁtu@rﬁ@ﬁﬁ@r@ﬂ@éebﬁm@ﬁ@%f PAF i ncor porati on.
[2351 Qhadihe Phfe LBDRRIRulHaN R@@% mna&n@'umﬁg%ﬁé SO GRsoRYRt et ase

(89) f oun orporate iclentl reater than 95%
effici aiwyomatlongdutpxgrmveemngomd Iﬁ)ﬁ&pmﬁ@tl@ﬂ_ahn N0, laéfhé fiffjc appwr atfi on was

d d | he.,. ' h b
conpar IHGSRorErne DR Vo S48 BF kP dattonte M8 L S aGaRE sth ARefence
for E9 piftedhomiind nﬁE@pﬁfﬁ:&N@&ﬁd&&ﬁM&ﬁﬁ%@ﬁﬁﬁ@pﬁl@dd&nﬂ gfpierice 56fwell9 is

shown i.n 240 al_yutant with simlar;activity
0 ED Ve SR G Dl R A ARG ST i D g e B YHTELG | D
NO, 11.cokxaiiiods 2 dubNAniitage f{ﬁfél ﬁosﬂ:%ldelelﬂiuﬂe@amﬁt@ytvﬁw@f@ wiangr ated -
of tRNA 317. The DNA sequence 517 is shown as SEQ ID NO 8

of W
ond | iyl P AR pAB HIHE ot Kb O TGBRBE, G8 PR e NORY and Lo
2003/ 0032424 a5 drERideyiR colorfidd: ghewy Bﬁ%@&@ﬂb&&@éﬂﬁ%&ﬁ%ﬁém&ﬁm
10} 126, 93 and 10/ 126, 927, respective are
i ncor pdrbtidaotarov ef erEmea’ly Rdpeabgencg mﬁ‘\f/@ mw%glhaenfs@ﬂ 3(%233 Wb ke pal r

in the iﬁa%ﬁﬁéu@é BuRR nRPOMA ik ‘Ngférﬁov;n 04@%4?& T ﬁﬁA% BN 6 12,

F13, an were generated to produce Watson-Crick base palirs at
posi t i onEusy! Baﬁfmué’sepcﬂﬂdﬂmsﬂf@@P@ﬂﬁ@ﬁm%@fhﬁﬁfﬁé@%n%s performed by

over | aip[géa;ngT éebe% d ﬁ%@%ﬂ&ﬂﬁg %ﬁé%&a%%@@éﬂgﬁée&e%ﬁﬁe%and Ndel

sites asm risin nucl eot i sequence
encodi rﬁngteh@ssaamm waacwabjet:tﬁd\m Tonjiret rvémastenzaﬁem (SEgetDndChe @delamhmihe

pol ynuel u human growt h hormone (hdi) with an
anber codi S%Igl‘gﬁ(’%?n%tp%?c ﬁ (%ﬁ%tjﬁ% NO 16). The expression of 1rdi was

[236] To charasterize these synthetases, small scale amber suppiessions were

performed to show that the non-naturally encoded amino acid pAF was incorpdrated info &
polypeptide, and the results were visualized by SDS-PAGE. A single colony was picked and
grown overnight in LB broth, which was then used o inocﬁlata 50 mL of LB, The 'ceils were
growi to an OD of 0.3-0.4, at which poini 1.5 ml aliquots were taken as pre-induction points

e

and the enlfure was splif into two flasks. 1 mM pAF was added to ons split and both were
grown for 30 minntes, Following the 30 minute growth, both cultures {+/- pAF) were |
indﬁced with 0.2% L-Arabinose and grown 4.5 hows and the QDgyy was recorded. 1.5 mL
aliquots were then taken of the +/- pA¥ ﬁasks 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 Bxiraction Reagent (BPER, Pierds) amounts relative to theit ODggo 2t the thue of
harvest. DNase I was added fo thé Iysed 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 DIH0 twice for 10 minufes

and stained with coommassie blue dye, The +/- pAT bands were compared for the fidelity of
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under the control of the T7 pronoter. [243] Two fragnents were generated
for overlapping PCR . The first fragnment was obtained by prner

extensi on. The sequence of the forward primer used to generate each of
the three nutants was:

GTAA. CCCTGAATTCCCGGCGGTAGI TCA( 3CAGGECAGAAACGGCCOOACTCTAAAT  CCGCATGECGC
(FTanil t; SEQID NO 9). [244] To generate the F12 nutant (51 C 630G,

t he fol | owongosresser se printer was used: 83 WO 2006/ 2688885043603
PCT/ Lr S20051043603

GATCTGCAGT TTTGAA TGCCr GATTTAGAO CCGC%GT
(FTai nfePWme 35N SERGF ot F‘?ﬁéplé} 7GR COPRBE 19 63A)

t he folhoWetigud YR8 HARRER Mas used
GATCTGCA CMTGGATTTGAACCAGCGCCATGCGGATTT AGAGT CCGCCGTTCTGC

(FTamL3Z38EQ | B0 ek farythe proaslivitpoigenkiniie supernfuamare PeeA™EEL) | t he

car AR BT R S en o B PR S e rerec

( FT=14;bySER.C BudNent a)rotefn24qikndog geheraine theheosead pﬂfﬁmcagzwnm; pl asmni d

e e g

synt hetiassi E&nécﬁﬁ@atb I@AINQfﬁéI}:nt@n dith fg&atw lihanuiske efficitacys e.K]imcnpc&atemoﬂ di | n g

hunman gr t.h an odon s bsti.tuti.

e s R s e R A e S P LB e of
pri Mer SgroceS¥RRatGRA GrAthd: WMMMM?KEETQ Ts] ANGutkeasar d
prinmer; FTam 5; SEQ and CAAATTCGTCCATATGGGATTCC (FTam 16;

13
SEQ | D SReHenguior E?ﬁ%ﬂ%ﬂ%ﬁ%%%’ﬂﬁ% W b dEdor B desermae PHE B&yEEe from
the 3' @nepeNO:5RNA to the Nde | site of the plasmd. The resulting
product was gel purlfled [ 248] The final stei%of overl a

i nvol veld4flor wardt #iditivedl MEFRAVHCSTGAATFIOGT( 8 V-(aFT@niﬁlﬁecP g:e% PUINO 15)
reverse#rﬁﬁégr(gasé:{&ggﬁm@%ng 21% 144), the first fragnent and the
p

second rrent asse roducts wore digested with BeeR I and
Nde | afithnplegited into the plasmid pET19 317 E9 hGH digested w th FeaR

| and W&[ qegduence of each construct was confirmed by sequencing,
and the uences for each of the J17 mutant tRNAs are shown as SEQ

| D NO I;B‘@UPIZ) ThIESIE@’EaIEB NDe RugrEedpf Rl J BEQIhODNG, scgueies 4f wilfeet RNAS
were nafeq; 8hLE"%s SRS NG Y LS SPORIL A PIMELAS: REd. UBS3%0108885 as SEQ D
NO: 1 and US 2003/0082575 as SEQ ID NO: 1 (U.S. Patent Applcation Serial Nos,
10/126,931 and 10/126,927, respectively), both .of which are incorporated by reference
herein, 717 tRNA has 2 U51:363 wobble pair in the TC stem as shown in Figure L. |
[242] Three J17 mutanis (F12, F13, and F14) were generated to produce Watson-Crick

base pairs af positions 51 and 63 of the TYC stem. Mutagenesis was performed by
overlapping PCR, and the final construots were cloned into BcoRT and Nde sifes in a pET1S
plasmid comprising the polynucleotide sequence enéod:ing the aminoacyl 1RINA. synthetase
BS (SEQ ID NO: 4) and the polynucleofide sequence encoding human growth hormone
IV(I'LGI-I) with an amber coddn substifution (SEQ D NO: 16). The expression of hGH was
under the control of {he T7 promoter.

243} Two fragments were generated for overlapping PCR. The first fragment was
obtained by primer extension. The sequ'ence o;f the forward primer used to generate each of
the three mutants was:
GTAACGCTGAATTCCCGGCGATAGTTCAGCAGGGCAGAACGGCGGACTCTAAAT
CCGCATGGECAEC (FTamll; SEQ IDNO: 9.

1244] To generate the F12 mutant (51C:633), the following reverss primer was, used:
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Protein expression [249] Plasntids encoding the tRNAs (J17, F12, F13
orP14) were each transfornmed into E. 'coli strain | and strain 2
bacterial host cells by chem cal neans and plated onto LB agar plates
with 50 ugim earbeniclllin. The plates were incubated at 37C overni ght.
"~ For each tRNA, a single colony was picked to start an overnight culture
at 37Cin 1 inl 2xYT with 50 wug/m carbenicillin. This 1 nil culture
was used to inoculate two 10 m 2xYT cultures with 50

car beni oi | MTM4Y05882 One 10 ml cul ture was suppl ement @GT%S%GPF’%?@&M
per-a- acetyl phenylal anine. At 0OD600=0.7, the hGh expression was induced

with 0. 4Gﬁ%Td@J@GG@éC@@W@&@?T@%@M@A@@@@GA&EFIYI@IGAG

culturlngthe cells at 7C for hours with 250 rpm the cells were

har vest e WCQ@EQTGQJ%@%% s@@%@ ¥Wg for 5 ninutes. The cells were
lysed VOM\IX%S? PF_IZF]d ke ggégﬁéﬁllﬁ(rﬁliﬁftgﬁﬂ -63R90HE Qﬂigw g'r%ve?sﬁgﬁhﬁf@ Mgdaw th 5

ug/ m ot al was anal 4-"12% SDS PAGE.
[ 250) Fi M@E&M%GﬁﬁCQW%T@J@A’ETf@éﬁCCs%tGC‘ﬁGCALT@GGQM&&QGA@Eat es

per tor e oGt RS P ST RE B, h0s, | Fid) TRAA and the e
alm nﬁ?fzyl[MltGRNA Symgdnaﬁasliesmgnut&!(ﬁsk (SN pine follgwibis Yoversaptiant @aﬁgﬂ:@ﬂv t .vvas _
obser ven By e AR BE R AT e e BB NI A o
acet yl phemdcdGITaese Fratde; g}g@g}&ﬁ@emf 4 rmM para acet yI phenyl al ani ne,
full Iengqth product was roduced wth

dem)nst r 847hg t hir g@?ﬁ’é*%fht’ W‘iﬁﬁﬁﬁﬁﬁﬁt@a@d @&Tﬂ% I b"-’r @9 (?IGII% 6‘@}6?{&?‘“& BeE
| i h
col i Eb@ﬁ@&m@@%&gﬁﬁv& 2P% M%A Egm% gﬁﬁﬂbesg? eﬁlewb@bﬁae[ squéme e_

317 nutants was appr oxi mat el -2 her’ th at of JI1
col i, strageding HBNA Ondelds S’rﬁﬁﬁ@ﬁp N8 andvags poluruckeeride sequende paroingcol |

st rﬁln <2 BLVAL ke 0% 0be L%Hpﬂuba&{e@cﬁe@% Pt Ro: SHPVA. LBl gur e

€ expressi on as we suppression
yi el ds mlﬁeﬂmmﬂhﬁwﬁ%wﬂeﬂm@ﬁ%&ngsemfﬁnmm| strain 1. in the absence

S phee (R AGREERHBEANAT GO Sbh AbsREIRLPE AR LA KB, RPRELCC DY
) 18, W Lt LD Vs o S S CanTE I
%lia(rament ar‘igé%?.@r\'\ﬁﬁ 2%#7#&? Wﬁ&vaﬁ%‘%ﬁ%\ﬁﬁ?‘tﬁ%‘? CPRESH ‘?P"z@%% %‘}d c@C\ol ume
of  appr exiARs Sewdk I&tdoftﬂé‘lﬂasﬁh@.ﬂlfylékuﬁm@@ﬂidﬂ@viah%elxbhﬁﬁ&cRNA and the
plasm d encoding F13  tRNA were_ each transformed, i nto E. colj strain 1.

The finall24881 | dBifsi Bpek oFteRack WRESERBBE oxf ikt elyoligh (oW c armmgy) |
The 'hGH @ﬁ@c@@?e&ﬁh&ﬁb@d@ (#1819, 8EEIPNS: 30rRdde primer FTam16 (SEQ

ID NO: 14), the first fragment and the second fragment. . The assembled products were
digested with BcoR I and Nde I and ligated into the plasmid pET19 J17 ES hGH digested
with PooR 1 aﬁd Nde I The sequence of sach constmct was confinmed by sequencing, end
} the DNA sequences for sach of the J17 mutant fRINAs are shown as SEQ 1D NO: 1 (F12),
SEQ ID WNO: 2 (F13), and SEQ ID NO; 3 (F14). The tRNAs weare named after their

corresponding reverse primers,

Protein expression

[249} Plasmids encoding the tRNAs (J17, ¥12, F13 or Fldj were each trausformed into
E. coli sirain 1 and strain 2 bacterial host cells by chemical means aﬁc’f. plated onfo LB agar
plates with 50 ug/ml cavbenicillin, The plates were incubated at 37°C overnight. For each
fRINA, a single colony was picked to start an overnight culfure at 37°C in 1 ml 2xYT with 50
ug/ml carbenicillin, ‘This 1 ml culture was used to inoculate fwe 10 ml 2xY'T culinres with 50
ug/ml carbenicillin at 37°C. One 10 ml culiure was supplemented with 4 mM para-
acetylphenylalanine. At ODg=0.7, the hGH expression was induced with 0.4 mM PTG,
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ng/L for the F13 clone. [253] Wile the foregoing invention has been
described in sone detail for purposes of «clarity and understanding, it
will be clear to one skilled in the art froma reading of this

di scl osure that various changes in formand detail can be nade w thout
departing fromthe true scope of the present invention. For exanple,

all the techniques and apparatus described above can be used in various
conbi nat MEh#06/B30Zpubl i cati ons, patents, patent appleccatsioosiszsos and/ or

ot her docunents cited in this application are incorporated by reference
in their_ e e |L0 p t S extent as_if. h

i vi s RS da 90 R 3R ERE R BER R 58 0T bl Vet

PCTI us&aaﬂ?ﬁmaﬁasseoamog fceatmmmms ane/alls wirh gredtoti FEIRR Redgenti (Padeyi dual |y

J006! SBESEE PR Ra a0 Rt | SEee el berBuBher R byt
CCGGCGEE;, AD%EWACIIBCAGAACCIBCCIEACTCTAA. P. TCCGCA DNA
TGGCGCCGGT TCAAAT CCA 2 F13 -
CCQt 3CEEHIAGTT ISISAET CTAARFOECRAl cebNpsates by SDS PAGE.

TGGCG@@%M{%W% 5’% hormone wag performed using J17 or J17
AGT TCAGCAGGGCAGAACGGECGEA AAA CCCGCA ° DNA

e, nnoggi iﬁ@A synthetase ES. Cells harboring J17

AT%%@@&%@@M@@% i e v

TGCTGT a‘wmmm IMAWCEEA&RMTW@TAW’B%MG of 4 mM para-

' AGGAGA@' ST EXACEAGRTE EA ACK tbA(Aﬁese RNA mutant-RS E9

TT M@Aﬂm% E, the suppressed hGH yield {2

-GGCT| | bR NAAGTEAEGT 1A ARNETANGAA M&TW& J17 in E. coli strain 1.
TATAGCAA% GGATGAA- AATCCAAAGGTTGCTGAA. GTTATCT

TOCAATRATGCAGGPF AT SR FAAT T T RGPk Tegrobain 2 basterial coll lne for

amber suppressioi: as shown in Figure 3. In B. caoli strain 2, the expression as well as amber

-

suppression vields were reduced relative to that in E, coli strain 1. In the absence of para-
acetylphenylalanine, no fhil length hGH product was observed by SDS-PAGE. In the
presence 4 mM para-acetylphenylalanine, full length hGH was observed for hoth tRNAs.
Based on SDS-PAGE, the suppressed h(GH vield of F13 was sbout three fold higher than that
of J17. ' _
[252) A fermentation run comparing J17 and F13 was performed with a final volume of
approximately 1.5 L. The plasmid encoding the J17 tRNA and the plasmid encoding F13
tRIVA. were each transformed into E. coli strain 1. The final cell density for each was Coy
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 iuvention. For exarple, all {ha technigues and apparatus described
above can he used in varions combinations. All publications, patents, patent applications,
and/or other documents cited in this application are incorporated by reference in their entirety

for all purposes' to the same extent as if each individual publication, patent, patent
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GCAGT TGGAGGGAT GGAGCAGAGAAAAATACACATA TAGCAAG _

- GGAGCT' T' TTACCAAAAAAGGTTOTTTGTA' TTCACAACCCTGTCTTA  ACGGGT TTGGATGGAGAAGGA
AAGATGAGI TCTTCAAAAGGGAA, T

TTTATALCTGTr GATGACTCTCCAGAAGAGAT TAGGGCTAAGATAA

AGAAAGCATACTGCCCAGCTGGAG " TGTTGAAGGA. AATCCAATAA

TGGAGATAGCTAAATACT TCCTTGAATATCCTTTAACCATAAAAAG
GCCAGAAAAATTTGGTGGAGATTTGACAGT TAATAGCTATGAGOA  GTTAGAGAG TTATI " TAA

AAATAAGCHAB Lol aCAATGGATTTA POTUS2005/043603
AAAA. STGCTOTAGCTGAAGAACTTATAAAGATT" | TAGAGCCAATT AGAAAGAGATTATAA 5 E9 R5 -
v DEPEMJ TSEI | SEESL1t EVLI LI CDEI 4SAVSGFT PSG CE| Gil LQ |~ Am no

. KM DLORAGHPM 310ADL $iaev NOUOGEL PECRKEEDBRY L to Agi ilcorporated by
| CAI C RLAI XTTLT RARRSi MBLLkPBDENP KVAE
Vi YPL%%';E@E%@\L}PE\I/&VEQQKI 1T 4LAITELLPICICV V Ct TI NPVLTGL.DGEGTWVI
SSTC. GNPI AVDDSPEEI TZAI CI CCKAYCPAGWVEG
‘NPl METAKY' F' L. EYPLTI | CEKFGGDLTVNSYEELESLFI CNI CELTI FIVDL
| CNAVAEEUKVEPI TI TCRL 6 | 3L( TAG 3 _
CCCAGGGTAGCCAAGCTCGGCCA- ACGGCGACGGACTCTAA. , A. TCCG  t RNA
TTCTCGTAGGAGT TCGAGGGT TCGAATCCCNCCCTGGGACCA DNA 7 BL(TGA) |
GCGGEEGEGT TGCCGAGCCT GGCCAAAGGCGECCGGACTTC. AAATCCG  t RNA
GTCCCGTAGGEGGTTCCGEEE ™ TCAAATCCCCGCCCCCGCACCA DNA 8 117
CCGGCGGTAGT TCAGCAGGECAGAACGECGGACTCTAAATCCGCA M
TGECGCTGGTTCAAATCCGECCCECCGEGACCA j nrnaschie raAcua DNA .9 FT anli
GTAACGCTGAAT TCCCGGCGGTAGT TCAGCAGGGCAGAACGECGG 87 Sil o 20061068802
PCTI VS20051043603 Pri mer ACTCTj AATCCGCATGECGC 10 FTaj n12
GATCTGCAGT GGT CCEECEEECCH 3- kKMGAACCGGCGCCATGECG  pri mer
GA. TTf AG-AGTCCGCCGITCTGC

)
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11 FTam 3 GA. TCTGCAGIGGTCCGECGECECTC GATTTGAACCAGCGCCATCGCG  ri mer
GATTTAGAGTCCECCGITCTGC 12 FTam 4

GATCTGCAGT GGT CCGECCEECAGCGATTTG_AACCTGCGCCATGCG  pri ner
GATTTAGAGTCCGCCGITCTGC 13 PTanil5
CGCCGGACCACTGCAGATCCTTAGCGAAAGCTAAGGATTFI " TTTTA  rimer AGC 14 FTanil6
CAAATTCGTCCATATGGGATTCC  rinmer 15 FTaml 7 GTAACGCTGAATTCCCGECG riner 16

GGCCTTTGACACCTACCAGGAGTTI ' GAAGAAGCCTAGATCCCAAA

GGAA TTCATTCCTGCAGAACCCCCAGACCTCCCTCTGT
TTCTC ATTCCGACACCCT CCAACAGGGAGGAAACACAA
~ CAGAAATCCAACCTAGAGCTGCTCCGCATCTCCCTGC: TGCTCATCC
ACEEGT wg&m@mwmwemm TCGCCAA ™
\GDCTGETGTACGEC CTGACAGCAACGTCTATGACCTCCTA
AAGEECCTAGAGG _AA TCCAA ACGCTGAT_GCDGGAGGCI ' GGA.
- AGATGGCAE! ACTEEEEGA BEPACEIGGACTCTAAATCCGCA
CAAGITCG A ABCA
CTACGGGCTECT CT AC TS IR ATCACAH GG BICGAGGACTCTAAATCOGCA
CATTCCERNACGCAT WA GGCTICTIAA. 17 D2S6R .
EFEM KRR TSEI 1SS CREMITICCEBERSCRUACABESECC CARRCAARASECRENYLQ K
| QVLLDI _DLL TMMWMT@TWWW@i&MNK _KVEEAMGL KA
I{LWYGSI@?P@? DI {|B¥FK %MWW&M@TC { TM QVNOM
YE.GVDVAV(’?%A NEQPI d%ﬁ%@@%@p éVDDSPE
EIRAI CI | Y CPA W% SLFKNK.
EL|LI PMVRUKNA VAEE%%EM %ﬁ%ﬁ CIGG

GA’I‘TTAC&LGCCTATI‘I‘AAACCAGAA
AGGAGAGTTCGATUAGATTAGAAAAATAGGAGATTATAACAAAA i
AAGTTTTTCGAAGCAATGGCGTTAAAGGCAAAATATGITTATGGAA -
GICGAACATGOTICTITGATAAGGATTATACACTGAATGTCTATAGATT
GGCTTTAAAAACTACCTTAAAAAGAGCAAGAAGGAGTATCGGAACT
TATAGCAAGAGAGGATGAAMATCCAAAGGTTGCTCAAGTTATCTA
TCCAATAATGCAGGTTAATGAGATTCATTATGAGGGCGTTGATCTT
GCAGTTGGAGGGATGGAGCAGAGAAAAATACACATGITAGCAAG
GGAGCTTITACCAAAAAAGGTTGTTTGTATTCACAACCCIGTCITA
ACGGGITTGOATCGGAGAAGGAAAGATGAGTICTTICAAAAGGGAAT
TTTATAGCTGTTGATGACTCTCCAGAAGAGATTAGGGCTAAGATAA
AGAAAGCATACTGCCCAGCTGGAGTIGTTGAAGGAAATCCAATAA
TGGAGATAGCTAAATACTTCCITGAATATCCTTTAACCATAAAAAG
GCCAGAAAAATTTGGTGCAGATTTGACAGTITAATAGCTATGAGGA
GTTAGAGAGTITATITAAAAATAAGGAATTGCATCCAATGGATTTA
AMAAATGCTGTAGCTGAAGAACTTATAAAGATITTAGAGCCAATT

AGAAAGAGATTATAA
5 E9 RS MDEFEMIKRNTSEISEEELREVLEKDER SAVIGERPSGRKHILGHYLQIK
Amine KMIDLONAGEDIIYLADLHAYINQKGELDERRKIGDYNEX VFEAMGL
Acid KAKYVYGSEHGLDEDYTINVYRLALRTILKRARRSMELIAREDENP

RKVABEVIVPIMQVNGIHYEGVDVAVGGMEQRKIIMLARELLPKRE YV YCE
ENPVLTGLDGEGKMSSSK GNFIAVDDSPEEIR AKIKE AYCPAGVVEG
NPIMEBIAK YFLEYPLIIKRPERKFGGDL T VNS YEELESLEKNK ELHPMDL

KNAVABRBLICILEPIRKRL,
6 HL(TAG)3 | CCCAGGGTAGCCAAGCTCGELCAACGGCGACGGACTCTAAATCCG
RINA TTCTCGTAGGAGTTCCAGGGTTCGAATCCCTTCCCTGGGACCA
DNA
7 HILLTGA)L | GCGGGAETTGCCCGAGCCIGACCAAAGGCGUCAGACTTCAAATCCG
tRINA GTCCCGTAGGGOETTCCGGEGTTCAAATCCCCGCCCCCGCACCA
DNA
g 17 CCGRCGGTAGTTCAGCAGGGCAGAACGGCGGACTCTAAATC CG(W
M TGGCGCTGGTTCAAATCCGGCCCGCCGLACCA
Jannaschii
| wRNA,
e DNaA.
.9 Flamll GTAACGCTGAATTCCCGGLGOTACGTTCAGCAGGECAGAACGGCGG
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Claims I. A cell conprising a translation system wherein the

transl ation system conprises an am noacyl tRNA synthetase (RS) encoded
by the nucleic acid sequence consisting of SEQID NO 4, and the

conpl ement ary pol ynucl eoti de sequence of SEQ ID NO 4. 2. The cell of

claiml, wherein the cell is a eukaryotic cell. 3. The cell of claim2,
wherein the eukaryotic cell is a yeast cell. 4. The cell of claim 2,
‘wherein the eukaryotic cell is a fungal cell. 5. The cell of claim 2,
wherein thQe, zﬁ?tlc cell is a manmmalian cell. Cp ﬁ%&ﬁﬁ%%aﬁi clalm
2, mhereln the eukaryotic cell is an insect cell. e cell of claim
2, erein the eukaryvotic cell is a plant cell 8 Thp_ceLI of claim1l,

wherlei n_t Rerieen | i IS ATGRSEOSEPE0Cell 9 The cell of claimls,
wher|/difn tF@Tﬁbﬁ-euéhg?BKKEKEéﬁﬂtpgGﬁﬁeﬁcc@%ﬁ?TE%¢$CCQQﬁGﬁ¢ﬁ?QQQI of

cl aiim1, _fl@ERBer g ’H%%&TECFSW RS and
a pdly¥nucl|Edertle driEoty A&”ﬁ@ﬁ».@ Tt EHEC SFCART Kt CAGHE @ G thd

po| nyLLC! eofPHHE _cor ATQE - codon_t.ha S, rcmng_p,;_;e‘d_by t he
tRNAL 1211, | Fifembel || QAT G&&%T TC&H : Cé@%'f“ﬁb(ﬁ%%‘é%?@%c%?‘%‘?ﬁ erest is
hu ‘_Agf 0\ onm%nJ: 1-» : .9‘- vher.el.n is an

e R Caemipy %&WW A P AR HBATEREETS encoai ng
an RS-whern @iy uel-eotide—seqy consi-st-s—0f—SEQ-+H-Na--4, and

t he é&nplqﬁ@ﬁf?%y ﬁ%%%%ﬁ%ﬁgg¥%ﬁé§§§§613rte t hereof. 14. The vectlor of
cl ai 13+ eF-ef-A-it +eCtOF a—ptasm-a—a—eoshi-e—a hage, or
a vijr 35 .T@?'ﬂwé C§Eﬁ§§§ mﬂereln t he vector |s an :

A
ﬁgf[ﬁgmw 'Eﬁzg;n;mce%a ‘E?é&&c’éibﬁ}i Jﬁﬁ ﬁé@%gﬁg r’%%”’b A
appropr 1 alle medi U ‘%@Tﬁ@ Bhectrilcciiei e crimid it aci¢

appriopri atle nedlun

that] conprises ati #€as; kG@@?C?ﬁ ARACCARGACTHERUR M At yoept i de;
and,| proviidi ng the @@m@mstmmea@@mcm@@@mtmmmdr@&@b@r _
conpri ses: an ort hogeralTdRRTGA2ARSCCGratAGUNCE TG AGTEFhErTTeidcaanwher ei n
said O RS|i s encodeth: rdecasegeasecTonsicigorgaah SEQ | D
NO {4, and the cdrpAGEECTBIGAPRAAPECABIIACGONAIGEGAGEERITGA and,
AGATGGCAGCCCOCCGGACTGGGCAGATCTTCAAGCAGACCTACAG
CAAGTTCGACACAAACTCACACAACGATGACGCACTACTCAAGAA
CTACGGGCTGCTCTACTGCTTCAGGAAGGACATGGACAAGGTCGA
GACATTCCTGCGCATCGTGCAGTGCCACTCTGTGGAGGGCAGCTGT.
GGCTTCTAA,

17 - |DI8R - | MDEFEMIKRN TSENSEREL REVLEEDERS AVIGFEPSGK

mutant of | THLGHYLQIK. KMIDLQNAGF DITYLADLE AYLNQRGELD

B9 | ERKIGDYNR KVFEAMGLEA KYVYGSEHGL DKDYTLNVYR
LALKTTLKRA RRSMELIARE DENPEKVAEVI YPIMQVNGIH
YEGVDVAVGG MEQRKIBMLA RELLPKEKVVC IHNPVLIGLD

| GRGEMSSSKG NFIAVDDSPE EIRAKIKKAY CPAGVVEGNP
IMEIAKYFLE YPLTIKRPER, FGGDLTVNSY EELESLEKNK
ELHPMRLEKNA VAEELIKILE PIRKRL
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an orthogonal tRNA (O-tRNA), that recognizes the sel ector codon wherein
said OGRS am noacylates the OGtRNA with the selected am no acid. 18.
The nethod of claim 17 wherein said selected amno acid is para-acetyl
phenyl al ani ne. 19. The nethod of claim 17 wherein said polypeptide is
human growt h hornone. 20. An isolated pol ynucl eoti de consisting of the
nucl ei ¢ acid sequence SEQ ID No. 4, and the conpl enentary

pol ynucl eoti de sequence thereof. 90 WD 2006/ 068802 PC i US20051043603
SEQUENSIGikd STI NG <110> Paul sel, Andrew Cho, Ho S. <120> Conpositions of
Am noaeyl -t RNA Synt het ase and Uses Thereof <130> AMEX-0070. 00PCT <150>

US. 60/639,;146 /< > Q4-12- < 7.:<11:0> | i

2105 1 cai1s 7 A ST Guli S ARl DE SNt NAkAR d BARHGR S5T s prised
Arti fiapiaalin@eguRbe synidae (RS caggdadivaye hideagaadgyeagaanggie RSl iRaat
ccgcatggcg ccggttcaaa 6D tccggccegc cggacca 77 <210> 2 <211> 77 <212>
DNA <ﬁ§'>‘g,&r1§ iR en@@&ﬁméﬁ%lénuciwgeswg@s OASERFTENG 4Sequence  <400> 2
ccggcggt ag ttcagcaggg cagaacggcg gactctaaat ccgcatggcg ctggttcaaa 60

2. The cell of claim 1, wherein the cell is a eukaryotic cell.

3. The cell of claim 2, wherein the eukaryotic cell is a yeast cell.

4. The cell of claim 2, wherein the eukaryotic cell is a fungal cell.

5. The cell of claim 2, wherein the eukaryotic cell is a mammalian cell.
6. The cell of claim 2, wherein the eukaryotic cell is an insect cell.

7. The cell of claim 2, whgrein the eukaryotic cell is a plant cell.

8. The cell of claim 1, wherein the cell is a non-eukaryotic cell.

9. The cell of claim 8, wherein the non-eukaryotic cell is an E. coli cell.

10.  The cell of claim 1, further comprising a tRNA that is aminoacylated by said RS
and a polynucleotide encoding a polypeptide of interest, wherein the polynucleotide comprises a

selector codon that is recognized by the tRNA.

11.  The cell of claim 10, wherein said polypeptide of interest is human growth

hormone.
12.  The cell of claim 1, wherein the cell is an E. coli cell.

13. A vector comprising a polynucleotide sequence encoding an RS where the
polynucleotide sequence consists of SEQ ID NO: 4, and the complementary polynucleotide

sequence thereof.

14.  The vector of claim 13, wherein the vector comprises a plasmid, a cosmid, a

phage, or a virus.
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t ccagcccge cggacca 77 ¢210> 3 <211> 77 c¢212> DNA <213> Artificial
Sequence <220> <223> Artificial Sequence <400> 3 ccggcggtag ttcagcaggg
cagaacggcg gactctaaat ccgcatggcg caggttcaaa 60 tcctgcccge cggacca 77 1
WO 20061068802 PCT/ US2005/ 043603 <210> 4 <211> 927. <212> DNA <213>
Artificial Sequence ¢220> <223> Artificial Sequence <400> 4 atggacgaat
tt gaaat gat aaagagaaac acatctgaaa ttatoagcga ggaagagtta 60 agagaggttt

t aaaaaaaga {gaaapal kg6t dhindl ROvREdS 1QaaGs: RAELYLAAM 2R, atacatttag

ggcattatct ccaaataaaa aagatgattig atttacaaaa tgctggattt 180 ..1

gatataatta tatatttggc tgatttacac gcctatttaa accagaaagg agagttggat 240
gagatt agaa Haat a@aalgaompléﬂi@thaaactaaﬁgﬂaﬁmtlﬁg aagcaat ggg gttaaaggca 300
aaatatgttt atggaagtga acatggtctt gataaggatt atacactgaa tgtctataga 360

ttggctttaa act a a ta acttat agc ag. 420
gatgasaatc Lianggrigrod SRRRRIANE RRRREERD { SRS S ISR s
t at gagggedict hodtion, tigcmadbd geagdingat ggaggaga gaaaaat aca catgttagca 540
agggagcttt tacaaaaaaa ggttgtttgt attcacaacc ctgtcttaac gggtttggat 600

ggagaaggaa agatga?ttc ttcapaaggg aattttatag ctgttgatga ctctccagaa,K 660

gagat t aggg SCRHFaihdhaRPEEFEansdung e Clhciiere Hiptcel cogRTisRg qatisteicasid et

at aat geaAG ARt ARGAseldcldr Shd BB oAl duet akaqugﬁia&%agag gccagaaaaa 780
tttggtggag atttgaca9t taatagctat gaggagtta gagtttatt taaaaataag 840 3

gaattgcatc caatggattt aaaaaatgct gtagctgaag aacttataaa gattttagag 900
providing the selected amino acid,

wherein the cell further comprises: an orthogonal RS (O-RS) that functions in the cell
wherein said O-RS is encoded by a polynucleotide sequence consisting of SEQ ID NO: 4, and

the complementary polynucleotide sequence thereof; and,

an orthogonal tRNA (O-tRNA), that recognizes the selector codon wherein said O-RS

aminoacylates the O-tRNA with the selected amino acid.

18.  The method of claim 17 wherein said selected amino acid is para-acetyl

phenylalanine.
19.  The method of claim 17 wherein said polypeptide is human growth hormone.

20.  Anisolated polynucleotide consisting of the nucleic acid sequence SEQ ID No. 4,

and the complementary polynucleotide sequence thereof.
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ccaattagaa agagattata a 921 <210> 5 <211> 306 <212> PRT <213>
Artificial Sequence <220> c223> Artificial Sequence <400> 5 Met Asp

G u Phe e Lys Arg Asn Thr Ser Qu lle lle 52 W
20061068?8%0%%%?{%20051043603 Uu Gu Gu Lau Arg uﬁﬁ‘s%#"??sé‘%g@ s Lys
Asp Gu Lys Ser Ala Val 20 25 30 Ile Gy the Uu Pro Ser Gy Lys Ile
Hs Lau Gy H's Tyr Leu Gn 35 40 45 Ile Lys Lys Met Ile Asp Leu G n
Asn Ala Ay Phe Asp Ile lle Ile 50 55 60 Tyr Leu Ala Asp Leu H's Al a
Tyr Leu Asn A n Lys Ay Uu Lau AsTp 65 70 75 BO du lle Arg Lys Ile
Gay Asp Tyr Asn Lys Lys VEABHel&1i"Ala Met 85 90 95 dy Lau Lys Ala
Lys Ty{bv au@ ?ﬁ/ %r GQu Hs Gay Leu Asp Lys 100 105 17.0 Asp Tyr
Thr ai rg lieu Ala Leu Lys Thr Thr Lau Lys 115 120 125
Arg Ala Arg Arg Ser Mt Qu Lau Ile Ala Arg Uu Asp Gn Asn Pro 130 135
140 <iys \@kpddiaiddsuolahiddaeyIFpruPsgntiteeadvbindGrepsVaterdsh Gy Ile H s
145 150 155 160 Tyr Qu Ay Val Asp Val Ala Val Ay Ay Met Uu Gn Arg
Lys FI¥>169B370787/9FCH s Met Lau Ala Arg Qu Leu Lau Pro Lys Lys Val Val

CyS L£§%>HI6% 6&;%99 % 190

<181> 2004-12-22
<160 17
<170> PatentIn version 3.3

«210> 1

<211 77

«212> DNA

<213> Artificial Sequence

<220
«223> Artificial Bequence

<400 1L
coggeggtag ttcagoagoay cagaacggeyg gactotaaat cegratggeg cogghteaaa 60

tecoggeoerge cggacea 77

«210> 2

<211l 77

<212> DNA

«213> Artificial Sequence

<220
223> Artificial Seguence

«400> 2 :
coggcggtag tteageaggy cagaacggog gactctaaat cegeoatggeg ctgghttoaaa &0

tocagocoge cggadca 77
<210= 3
<211 77

=<212> DNA
«213> Artificial Bequence

<220
«223> Artificial Seguence

«&00> 3
coggoggtag ttcageaggg cagaacggey gactctaaab cegeatggeg caggttceaas 60

tectgecoge cggacea 77



Asn
205
215
225
Ile
Phe
Ser

Asn.

293

Sp.
at ccgt t 82%¢>gt?
<211> 8831(g
Sequence
gt aggggtt-60

Pro Val Leu Thr Ay Lau Asp Cy Uu Gy Lys Net Ser Set Ser 195 200
Lys Gly Asn Phe Ile Ala Val Asp Asp Ser Pro Gu Qu IIe Arg Ala 210
Lys Ala Tyr Cys Pro Ala Ay Val Val Asn Pro

220 Ly,

230 225"?’9%{‘5’%’“%%%@ Mt Gu lie Ala Lys Tyr Phe Leu @ d’CT 2?9?%4319% Thr

Lys 3 WO 2006/ 068802 PCT/ U82005/ 043603 245 250 255 Arg Pro Qu Lys

Gy Ay Asp Leu Thr Val Asn Ser Tyr Qu Qu 260 265 270 Lau Qu

Leu Phe Lys Asn Lys G u Leu H's Pro Met Asp Leu Lys 275 280 235

Ala Val Ala Gu GQu Leu lle Lys Ile Leu Qu Pro Ile Arg Lys 299

300 Arg Leu } 305 <210> 6 <211> 88 <212> DNA <213> Hal obacteri um

FKFK@> 4M00> 6 occagggtag ccaagctcgg ccaacggcga cggactctaa

angttc 60 gagggttcga atcccttccc tgggacca 88 <210> 7

21352 kge ANA <213z Artificial Sequence <220> <223> Artificial
<400> 7/ gcgggggttg ccgagcctgg ccaaaggcgc cggacttcaa atccggtccc

cggggttcaa atccccgccc cegcacca 88

<223>

<400 4
atggacgaalk

agagaggttt
atacatttag
gatataatta
gagattagaa
azakatgkttt
ttggetttaa
gatgaaaatc
tatgagggey
agggagettt
ggagaaggaa
gagattaggy
ataatggaga
tttggtggay
gaathtgeatc
ccaattagaa
<210> 5

«=211l> 306
<212> FRT
213>

<220
<223

400> &

ttgaaatgat
tasazaaaga
ggcattatcet
tatatttgge
aaataggaga
atggaagtga
aaactacctt
caaaggttge
ttgatgttge
taccaaazaa
agatgagtto
ctaagataaa
tagctaaata
atttgacagt
caabtggattt

agagattata

Artificial Sequence

aaagagaaac
tgaaaaatcet
ccaaatazaaa
tgatktacac
ttataacaaa
acatggtett
agaaagagca
tgaagttata
agttggaggg
gattgtttgt
ttoaaaaggy
gasaguatac
cttocttgaa
taatagetat
aaaaaatgct

a

Artificial Sequence

Artificial Seguence

acatctgaaa
gctgttatag
aagatgattg
goctatttaa
aaagtttttg
gataaggatt
agaaggagta
tatccaataa
atggagraga
attcacaacc
aattttatag
tgocoagety
tatootttaa

gaggagttag

gtagetgaag

ttatcagoga
gktttgaace
atttacaaaa
accagaaagg
aagcaatyggg
atacactgaa
tggaacttat
tgeaggttaa
gaaaaataca
ctgbettaac
ctgttgatga
gagttgttga
ccataaazay
agagtttatt

aacttataaa

ggaagagtta
aagtggtaaa
tgotggattt
agagttggab
gttaaaggca
tgtctataga
agcaagagag
tgggatteat
catgttagea
gggtttggat
dtebccagaa
aggaaatcca
gocagazand
tamazataaqg

gattttagag

Met Asp Glu Phe Glu Met Ile Lys Arg Asn Thr Ser Glu Ile Ile Ser

1

5

10

15

6d

120

180

240

300

380

420

480

540

500

650

720

780

840

500

921



c210> 8 <211> 77 <212> DNA c213> Met hanococcus jaanaschii ¢c400> 8
ccggcggtag ttcagcaggg cagaacggcg gactctaaat ccgcatggcg ctggttcaaa 60

t CCOYCCCOGOGaRRGEA: /7 <210> 9 <211> 65 4 WO 2006/ 0688Q2.

PCT/ US20051043603 ~ <212> DNA <213> Artificial Sequence 25205 5%,
Artificial Sequence <400> 9 gtaacgctga attcccggcg gtagttcagc agggcagaac
ggaggact ct aaatccgcat 60 ggcgc 65 <210> 10 <211> 67 <212> DNA <213>
Artificial Sequence <220> <223> Artificial Sequence <400> 10

gat ct gcagt t ccggcgg geccggatttg aaccggcgcecc atgcggattt agagtecgcc 60
gttct g%ug u%ggllgg AP ngﬁfgl &= g‘g?fﬁ &52&%%%?6 ?‘F?ivéilal Sequence

<220> <223> Artificial Sequencé™ <400> 11 :

Ile Gly Phe Glu Pro Ser Gly Lys Ile Hig Leu Gly His Tyr Leu Gln
3is 40 45

Ile Lys Lya 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 @&ly Glu Leu Asp
&5 70 75 BO

Glu Ile Arg Lys Ile Gly Asp Tyr Asn Tys Lys Val Phe Glu Ala Met

85 90 95 \ T

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
11xs 120 125

Arg Ala Arg Arg Ser Met Glu Leu Ile Ala Arg Glu asp Glu Asn Pro
130 135 140

Lyg Val Ala Glu Val Ile Tyyr 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
165 170 195

His Met Leu Ala Arg Glu Leu Leu Pro Lys Lys Val Val Cys Ile His
180 185 1590

Asn Pro Val Leu Thr Gly Leu Asp Gly Glu Gly Lys Mat Ser Ser Ser
185 200 205

Lys Gly Asn Phe Ile Ala Val Asp Asp Ser Pro Glu Glu Ile aArg Ala
210 215 220

Lys Ile Lys Lys Ala Tyr Cys Pro Ala Gly Val Val @lu Gly Asn Pro
225 230 235 240

Ile Met Glu Ile Ala Lys Tyr Phe Leu Glu Tyr Pro Leu Thr Ile Lys

LFS]



gat ct gcagt ggtccggcgg getggatttg aaccagegcc atgcggattt agagtccgcc 60
gttctgc 67 <210> 12 <211> 67 <212> DNA <213> Artificial Sequence
<220> <223> Artificial Sequence <400> 12 gatctgcagt ggtcc&gigg
gcaggat t t g VHRAEFYBELc at gcggattt agagtecgcc 60 gttct gcPEY $6033
<211> 49 <212> DNA 5 WD 2006/ 068802 PCT1US20051043603 c213> Artificia

sequence <220> <223> Artificial Sequence <400> 13 cgccggacca
ctgcagatcc ttagcgaaag ctaaggattt tttttaagc 45
DNA <213> Artificial Sequence <220> <223> Artificial Sequence

<210> 14 <211> 23

caaattcgtc catatgggatsicc 23 <210>2E8 <211> 20 <2E2> DNA <213>
Artificial Sequence <220>

. ."\.__./ :

Arg Pro Glu Lys Phe Gly Gly Asp Leu Thr Val Asn Ser Tyr Glu Glu
260 265 270

Let 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
280 285 300

Arg Leu
305

<210> 6

<211= 88

«<212> DNA

«213> Halcbacterium sp. NRC-1

<400> &
cocagggtag cecaagetegg coaacggega cggacktctaa atccegbtete gbaggagtte

gagggttcoga atcecttcceo tgggacca

<210> 7

<211> 88

<212> DNA

<213> Artificial Sequence

220>
<223> Artificial Segquence

<d00> 7
gogggggtty ccgagectgg ccamaggoge cggacttceaa atceoggtece ghagggghte

cggggitcaa atcceocgeoo cogeacca

«21l0> 8

«Z2l1> 77

<212> DHNA

<213> Methanococcus jannaschiil

<400> B8 :
ccggeggtag ttcagecaggg cagaacggeg gactctamat cegeatggeg ctggttoamaa

tcoggeooge cggacea

<210= 9
<2ll= 65

e

B8

60

38

&0

77

<212>
<400> 14



<223> Artificial Sequence <400> 15 gtaacgctga attcccggcg 20 <210> 16
<211> 600 <212> DNA <213> Hama sapi ens <400> 16 atgggccacc accaccacca
ccacttcg accattccct tatccaggct ttttgacaac 60 gctatgctcc gcgcccatcg
tctgcacéggzgpééﬁg%ttg acacctacca ggagtttgaa 120 gaadggﬁgﬁggpgﬁgbaagga
acagaagtat tcattcctgc agaaccccca gacatccttc 180 tgtttctcag agtctattcc
gacaccct cc aacagggagg aaacacaaca gaaat ccaac 240 ctagagctgc tccgcatctc
cctgctgetc atccagtcgt ggctggagcc cgtgcagttc 300 ctcaggagtg tcttcgccaa
cagcctggtg tacggcgcct ctgacaccaa cgtctatgac 360 ctcctaaagg acctagagga
aggcatBraa®cget gat gg ggaggct gga agat ggcagc 420 ccccggactg ggcagatctt
caagcﬁﬁaccmﬁégﬁﬁébéﬁﬂu$Eaacacaaa ctcacacaac 480 gatgacgcac tactcaagaa
ctac ctg ctctactgct tcaggaagga catggacaag 540 6 WO 2006/ 068802

PCTI @05&Q§§§Q§15g&&§@gacat tcctgcgcat cgtgcagtgc cgctctgtgg
agggcagctg tggcttctaa 600 c¢210> 17 <211> 306 <212>. PRT <213>

Arti kimizal e Sequence <220> <223> Artificial Sequence ¢400> 17 Met Asp
A u thecGrhrpa\ettckebgychysafiigads agddmuoSer gfbogadtice dadagedgert 1 5010 15 Qu
Gu Gn Lau Arg Au Val Lau Lys Lys Asp G n Lys Ser Ala val 20 25 30
|l e @§F°The G n Pro Set Ay Lys Ile Hs Lau Gy H's Tyr Lau® n 35 40
45 |le Lys Lys Net Ile Asp lieu Gn Asn Ala Ay Phe Asp lle lle lle

<210> 10

211> &7

<212> DNA

«213> Artificial Sequence

<220
<223> BArtificial Seguence

<400 10
gatectgoaght gotooggegy gocggattbtg aaceggegoe atgeggatit agagtocgoe 60

gtteotge : 67

<210> 11

<21i> &7

<Z212» DNA

«213> Artificial Sequence

<220
<223> Artificial Sequence

<400s 11
gatotgeagt ggtcoggegyg geotggatttyg aaccagegec atgoggattt agagtocgeco &0

gttctge 57

<210> 12

«211l> &7

<212» DNA

<213> Artificial Sequence

<220
«223> Artificial Sequence

<400= 12
gakctycagt ggbtccggegg geaggattbtg aacctgeogee atgeggattt agagtceogeco &0

gtteotge &7
<210> 13

<21l> 4%
<212> DNA



50 55 60 Tyr

Lau Ala Asp Lau H's Ala Tyr Loll Asn Gn Lys Ay Gn Leu

Asp 65 70 75 80 du lle Arg Lys Ile Ay Asp Tyr Asn Lys Lys Val the
G u Al a Net, 85 5 dy Lou Lys Ala Lys Tyr Val Tyr Ay Ser Gn His
dy Lau As q_%?gﬁ%%fg]é 105 110 Asp Tyr Thr Lau Aen Val Ty?gﬂpﬁr"op_sé‘hm?ﬂ?a Lau
Lys Thr Thr Lau Lys 115 120 125 Arg Ala Arg Arg Set Met Gn Lau lle
Ala Arg Qu Asp Gu Asn Pro 130 135 140 Lys VvVal Ala Qu Vval Ile Tyr Pro
Ile Mt Gn Val Asn Ay Ile Hs 145 250 155 160 Tyr Gu Gy Val Asp
Val Ala Val Ay Gy Net Gu Gn Arg Lys Ile 165 170 175 7 WD 20061068802
PCT/ OS26051043803 ci4d SedqueEcd eu Ala Arg G u Leu Leu Pro Lys Lys Val Val
Cys Ile Hs 180 155 190 Asn Pro Val Leu Thr Ay Leu Asp Ay Qu dvy Lys
Met Barj%ﬁ@ Bar; 195 200,205 Lys Gy Asn Phe lie Ala Val Asp Asp Bar Pro
Gu Gu e rg,&la 10315 220 Lys Ile Lys Lys Ala Tyr Cys Pro Al a
Gy Val .Mak fiku Ay Ass Pro 225 230 235 240 1Ile Met u lle Ala Lys
Tyr Phecddygddetl chygtadRtoc lceshochbiagl taabys 2402569255 Arg Pro Gaal Lys the
Gy @y Asp Lou Thr Val Asn Bar Tyr GQu Ju 260 265 270 Lou G u Ser Leu
Phe Lys Asn Lys Qu Leu H's Pro Met Arg Lau Lys 275 280 285 Asn Ala
val Al a0 ;g;u Leu Ile Lys Ile Leu Gu Pro Ile Arg Lys 290 295 300
Arg Lau 555 o
«213> Artificial Seguence
«d20>
<223> Artificlal Sequence
___‘) <400> 14
cazattegte catatgggat tec " 23
<210> iS
<211> 20
<212> DNA&
<213> Artificial Seguence
<220
<223> Artificial Sequence
<400 15
gtaacgetga attceoggeg 20
<210> 16
<211= 600
<212= DNA
<213> Homo saplens
") <400> 16
- atgggeocacc accaccacdca ccactbtdcca acecattececct tatacagget ttttgacaac 60
getatgetee gageecabtey totgeaceag ctggectttg avadctacea ggagttigaa 120
gaagcctaga tcccaaadges acagaagtbat Lcattcoctge agamaccccoca gaccteectco 180
tgtttetbcag agtetattee gacaccchce aacagggagg aaacacaaca gaaatccaac 240
ctagagetge tcegeatcete cotgeotgetce atccagtegh ggctggagec cghtgoagtte 300
cteaggagtg tettogecaa cagectggtg tacggegoct ctgacageaa cgtobatgac 360
ctecotaaagy acctagagga aggcatccaa acgotgatgyg ggaggeotgga agatggoage 420
ccccggactg ggcagatcett caagragacc tacagoaagt tcogacacaaa cteacacaac 480
gatgacgeac tactcaagaa ctacgggetg chetactgetb tcaggaagga catggacaag 540



305 s

WO 2006/068802

PCT/US2005/043603

gtegagacat tectgegeat cgtgeagtge cgctetghbygg agggocagetg tggctbotaa 600

<210>
211>
<2125 .
<213>

220>
<223>

«400>

17
3086
PRT

Artificial Sequence

Artificial Seguence

17

Met Asp Glu Phe

1

Glu Glu Glu Leu

20

Ile Gly Phe Glu

35

Ile Lys Lys Met

50

Tyr Leu Ala Asp

65

Glu Ile Arg Lys

Gly Leu Lys Ala

100

Agsp Tyr Thr Leu

115

Arg BAla Arg Arg
130

Lys Val Ala Glu

145

Tyr Glu Gly val

dlu

Arg

Pro

Ile

Leu

Ile

85

Lys

Asn

Ser

val

Asp
165

Met

Glu

Ser

Asp

His

70

Gly

Tyr

val

Met

Ile

150

Val

Ile

val

Gly

Leu

55

Ala

Asp

Val

YL

Glu

135

Tyr

ala

Lys

Leu

Lys

40

Gln

Tyr

Tyr

Arg

120

Leu

Pro

Val

Arg

Lys

25

Ile

Asn

Leu

Asn

Gly

105

Leu

Ile

Ile

Gly

Asn

10

Lys

His

Ala

Asn

Lys

Cly

Sar

Ala

Ala

Met

Gly
170

Agp

L

Gly

Lys

Glu

Leu

Arg

Gln

155

Met

Ser

Glu

Gly

Phe

&0

Lys

Val

Higz

Lys

Glu

140

Val

Glu

Glu

Lys

His

45

AsSD

Gly

Phe

Gly

Thr

125

Asp

Asn

Gln

Ile

Ser

30

Tyr

Ile

Glu

Glu

Leu

110

Thx

Glu

Gly

Arg

Ile

15

Ala

Leu

Ile

Leu

Ala
95

Asp

Leu

Asn

Ile

Lys
175

Ser

Val

Gln

Ile

Asp

80

Met

Lys

Lys

Pro

His

160

Tle



R

His

Asn

Lys

Lys

225

Ile

Arg

Leu

Asn

Arg
305

WO 2006/068802

Met

Pro

Gly

210

Ile

Met

Pro

Glu

Ala

220

Leu

Leu

Val

195

Asn

Liys

Glu

Glu

Ser

275

Val

Ala

180

Leu

Fhe

Lys

Ile

Lys
260

Leun

Ala

Arg

Thr

Ile

Ala

Ala

24%

Fhe

Phe

Glu

Glu

Gly

Ala

Tyr

230

Lys

Gly

Lys

Glu

Leu

Leu

Val

215

cys

TyT

Gly

ABn

Leu
285

Leu

Asp

200

ASD

Pro

Phe

Asp

Lys

280
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