
WO 021085923 1 9 OCT 2005  PCT/US02/12465 IN VIVO INCORPORATION OF UNNATURAL
AMINO ACIDS CROSS-REFERENCES TO RELATED APPLICATIONS 5 [01l This application
claims priority to and benefit of United States provisional patent
application Serial No. 60!25,030, filed ,April 19, 2001, and United States
provisional  patent application Seri al No. 6013 55,514, filed February 6,
2002, the specifications of  which are incorporated herein in their
entirety. STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH AND  10 -
DEVELOPMENT [02] The invention was made with United States Government
support under Grant No.  6502573 from the Office of Naval Research and Grant
No. OM62159 from the National  Institutes of Health. The United States
Government has certain rights in the invention, FIELD OF THE INVENTION 15
(031 The invention relates to the field of protein biochemistry. In
particular, the  invention relates to the field of compositions and methods
for producing proteins that  include unnatural amino acids. BACKGROUND OF
THE INVENTION [041 Proteins carry. out virtually all of the complex
processes of life, from 20 photosynthesis to signal transduction and the
immune response. To understand and  control these intricate activities, a
better understanding of the relationship between the  structure and function
of proteins is needed. [05] Unlike small organic molecule synthesis wherein
almost any structural change can  be made to influence functional properties
of a compound, the synthesis of proteins is 25 limited to changes encoded by
the twenty natural amino acids. The genetic code of every  known organism,
from bacteria to human, encodes the same twenty common amino acids.  These
amino acids can be modified by posttranslati on a] modification of proteins,
e.g.,  glycosylation, phosphorylation or oxidation, or in rarer instances,
by the enzymatic  modification of arninoacylated suppressor tRNAs, e.g., in
the case of selenocysteine. 30 Nonetheless, polypeptides, which are
synthesized from only these 20 simple building  blocks, carry out all of the
complex processes of life. 1 1 0 OCT 2005 WO 02/085923 PCT/US02/12465 [06]
Both site-directed and random mutagenesis, in which specific amino acids in
a  protein can be replaced with any of the other nineteen common amino
acids, have become  important tools for understanding the relationship
between the structure and function of  proteins. These methodologies have
made possible the generation of proteins with 5 enhanced properties,
including stability, catalytic activity and binding specificity.
Nevertheless, changes in proteins are limited to the 20 common amino acids,
most of  which have simple functional groups. See Knowles, J.R. Tinkering
with enzymes: what  are we learning? Science, 236(4806) 1252-1258 (1987);
and, Zoller, MI, Smith, M.  Oligonucleofide-directed mutagenesis of DNA
fragments cloned into M]3 vectors, 



10 Methods Enzvrnc1, 154:468-500 (1983). By expanding the genetic code to
include  additional amino acids with novel biological, chemical or physical
properties, the  properties of proteins, e.g., the size, acidity,
nucleophilicity, hydrogen-bonding,  hydrophobic properties, can be modified
as compared to a protein composed of only  amino acids from the 20 common
amino acids, e.g., as in a naturally occurring protein. 15 107] Several
strategies have been employed to introduce unnatural amino acids into
proteins, The first experiments involved the derivatization of amino acids
with reactive  side-chains such as Lys, Cys. and Tyr, for example, the
conversion of lysine to N2-acetyl- lysine. Chemical synthesis also provides
a straightforward method to incorporate unnatural amino acids, but routine
solid-phase peptide synthesis is generally limited to  20 small peptides or
proteins with less than 104 residues. With the recent development of
enzymatic ligation and native chemical ligation of peptide fragments, it is
possible to  make larger proteins, but the method is not easily scaled, See,
e.g., P. E. Dawson and S.  B. H. Kent, Annu. Rev. Biochem., 69:923 (2000). A
general in vitro biosynthetic method  in which a suppressor tRiA chemically
acylated with the desired unnatural amino acid is 25 added to an in vitro
extract capable of supporting protein biosynthesis, has been used to
site-specifically incorporate over 1DO unnatural amino acids into a variety
of proteins of  virtually any size. See, e. g., V. W. Cornish, D. Mendel and
P. G. Schultz, Angew. Cherry.  Int. Ed. En l., 1995, 34:621 (1995); C.J.
Doren, S.J. Anthony-Cahill, M. C. Griffith, P.O.  Schultz, A general method
for site-specific incorporation of unnatural amino acids into  30 proteins,
Bence 244 182-188 (1989); and, J.D. Bain, C.G. labe, T.A. Dix, A.R.
Chainberli E.S. Diala, Biosynthetic site-specific incorporation of
non-natural amino  acid inia a polypeptide, J. Am. Chem. Soc. 111 8013-8014
(1989). A broad range of  functional groups has been introduced into
proteins for studies of protein stability, protein  folding, enzyme
mechanism, and signal transduction. Although these studies demonstrate 2 1 9
O C T 2005 WO 021085923 PCT/US01/12465 that the protein biosynthetic
machinery tolerates a wide variety of amino acid side chains,  the method is
technically demanding, and yields of mutant proteins are low. [08] Over 50
years ago, it was found that many analogs of natural amino acids inhibit
the growth of bacteria. Analysis of the proteins produced in the presence of
these amino  S acid analogs revealed that they had been substituted for
their natural counterparts, to various extents. See, e. g., M. H. Richmond,
Bacterial. Rev,, 26:398 (1962). This occurs  because the aminoacyl-tRNA
synthetase, the enzyme responsible for the attachment of the  correct amino
acid to its cognate tRNA, cannot rigorously distinguish the analog from the
corresponding natural amino acid. For instance, norleucine is charged by
methionyl-tRNA 10 synthetase, and p-fluorophenylalanine is charged by
phenylalanine-tRNA synthetase..See,  D. B. Cowie, G. N. Cohen, E. T. Bolton
and H. Del robinchon-Szulmajst, BiochiM.  $ioph`s. Acta, 1959, 34:,,39
(1959); and, R. Munier and G. N. Cohen, Biochim. Bjph YS'  Acta 1959, 31:378
(1959). [09] An in vivo method, termed selective pressure incorporation, was
later developed to  15 exploit the promiscuity of wild-type synthetases.
See, e.g., N. Budisa, C. Minks, S.  Alefelder, W. Wenger, F. M. Dong, L.
Moroder and R. Huber, FASEB J., 13:41 (1999).  



An auxotrophic strain, in which the relevant metabolic pathway supplying the
cell with a  particular natural amino acid is switched off, is grown in
minimal media containing  limited concentrations of the natural amino acid,
while transcription of the target gene is 20 :repressed. At the onset 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 xesa]ts in the accumulation of a protein containing the
unnatural  analog. For example, using this strategy, o, m and p-fl
uorophenylalanines have been  incorporated into proteins, and exhibit two
characteristic shoulders in the U spectrum 25 which can be easily
identified, see, e.g., C. Minks, R. Huber, L. Moroder and N. Budisa,  Anal.
Biochem., 284:29 (2000); trifluoromethionine has been used to replace methic
nine.  in bacteriophage T4 Iysozyme to study its interaction with
chitooligosaccharide ligands by  '9F N R, see, e.g., H. Duewel, E. Daub, V.
Robinson and J. F. Honek, Biochemistry,  36:3404 (1997); and
trifluoroleucine has been inserted in place of leucine, resulting in 30
increased thermal and chemical stability of a leucine-zipper protein. See.
e.g.. Y. Tang, G.  Ohirlanda, W. A. Petka, T. Nakajima, W. F. DeGrado and D.
A. Tirrell, Angew, Chern  Int. Ed. Engl., 40:1494 (2001). Moreover, sel
nornethionine and tellnromethionine are  incorporated into various
recombinant proteins to facilitate the solution of phases in X-ray
crystallography. See, e.g., W. A. Hendrickson, J. R. Horton and D. M.
Lemaster, EMBO 3 WO 021085923 19 OCT 2005  PCT/US02/12465 J., 9:1665 (1 90);
J. 0. Boles, K. Lewinski, M. Kunkle, J. D. Odom, B. Dunlap, L.  Lebiada and
M. Hatada, Nat. S tract. Biol., 1:283 (1994); N. 13 udisa, B. S teipe, P.
Demange, C. Eckerskorn, J. Kel and R. Huber, Eur. J. Biochern., 230:788
(1995); and, N. Budisa, W. Karnbrock, S. Stc,-inbacher, A. Humm, L. Prade,
T. Neuefeind, L. 5 Moroder and R. Huber, JJ,Mol. Biol.. 270:616 (1997).
Methionine analogs with alkene or  alkyne functionalities have also been
inserted efficiently, allowing for additional  modification of proteins by
chemical means. See, e. g., L C. A vanHest and D. A. Tirrell,  FEB S Lett
Lett., 428:68 (1998); J. C. M. van Hest, K. L. Kiick and D. A. Tirrel1, I.
Am. Cherry.  Sac., 122:1282 (2000); and, K. L. Tick and D. A. Tirrell,
Tetrahedron, 56:9487 (2000). 10 [10] The success of this method depends on
the recognition of the unnatural amino acid  analogs by aminoacyl-tRNA
synthetases, which, in general, require high selectivity to  insure the
fidelity of protein trans] ation. Therefore, the range of chemical
functionality  accessible via this route is limited. For instance, although
thiaproline can be incorporated  quantitatively into proteins, oxaproline
and selenoproline cannot. See, N. Budisa, C. 15 Minks, F. J. Medrano, 1.
Lutz, R. Huber and L. Moroder, Proc. Natl. Ac ad. Sci.1_T S A,  95:455
(1998). One way to expand the scope of this method is to relax the substrate
specificity of aminoacyl-tRNA synthetases, which has been achieved in a
limited number  of cases. For example, it was found that replacement of a294
by G ly in Escherzchia coil  phenylal an yl -tRNA synthetase (PheRS)
increases the size of substrate binding pocket, and 20 results in the
acylation of tRNAPhe by p-i-phenylalanine (p-l-Phe). See, M. Ibba, P,  Kast
and H. Hennecke, Biochemistry, 333:7107(1994). An scherichia coii strain
harboring this mutant PheR S allows the incorporation of p-Cl-phenylaiavine
or p-Br- phenylalanine in place of phenylalanine. See, e.g., M. Ibba and H.
Henn ecke, FEB S Lett.,  



364;2.72 (1993); and, N. Sharma, R. Furter, P. Kast and D. A. Tirrel1, FEBS
Lett., 467:37 25 (2000)_ Similarly, a point mutation Phe1 U er near the
amino acid binding site of  Escherichia coil tyrosyl-iR iA synthetase was
shown to allow azatyrosine to be  incorporated more efficiently than
tyrosine. See, F. Romano-Takaku, T. Iwama, S. Saito- Yano, K. Takaku, Y.
Monden, M. Kitabatake, D. Soil and S. Nishimura, J. Biol. Chem.,  275:40324
(2000). 30 [11] The fidelity of aminoacylation is maintained both at the
level of substrate  discrimination and proofreading of nor-cognate
intermediates and products. Therefore, an  alterative strategy to
incorporate unnatural amino acids into proteins in vivo is to modify
syntheLases that have proofreading mechanisms. These synthetases cannot
discriminate  and therefore activate amino acids that are structurally
similar to the cognate natural amino 4 1 9 C C T SOS WO 02!085923
PCT/US02/12465  acids. This error is corrected at a separate site, which
deacylates the mischarged amino  acid from the RNA to maintain the fidelity
of protein translation. If the proofreading  activity of the synthetase is
disabled, structural analogs that are misactivated may escape  the editing
function and be incorporated. This approach has been demonstrated recently 5
with the valyl.tRNA synthetase (ValRS). See, V. Doring, H. D. Mootz, L. A.
Wangle, T,  L. Hendrickson, V. de Crecy-Lagard, P. Schimmel and P. Marliere,
Science, 292:501  (2001). VaIRS can misaminoacylate tRNAVal with Cys, Thr,
or arninobutyrate (Abu);  these noncognate amino acids are subsequently
hydrolyzed by the editing domain. After  random mutagenesis of the
Escherichia colt chromosome, a mutant Escherichia colt strain 10 was
selected that has a mutation in the editing site of VaIRS. This
edit-defective VaIRS  incorrectly charges tRNAVa1 with Cys. Because Abu
sterically resembles Cys (-SH  group of Cys is replaced,with H3 in Abu), the
mutant VaIRS also incorporates Abu into  proteins when this mutant
Escherichia coil strain is grown in the presence of Abu. Mass  spectrometric
analysis shows that about 24% of valines are replaced by Abu at each valine
15 position in the native protein. [12] At least one major limitation of the
methods described above is that all sites  corresponding to a particular
natural amino acid throughout the protein are replaced. The  extent of
incorporation of the natural and unnatural amino acid may also vary - only
in  rare cases can quantitative substitution be achieved since it is
difficult to completely 20 deplete the cognate natural amino acid inside the
cell. Another limitation is that these  strategies make it difficult to
study the mutant protein in living cells, because the multi site
incorporation of analogs often results in toxicity. Finally, this method is
applicable in  general only to close structural analogs of the common amino
acids, again because  substitutions must be tolerated at all,sites in the
genome. 25 [13] Solid-phase synthesis and semisynthetic methods have also
allowed for the  synthesis of a number of small proteins containing novel
amino acids. For example, see  the following publications and references
cited within, which are as follows: Crick, F.J.C.,  Barrett, L. Brenner, S.
Watts-Tobin, R. General nature of the generic code for proteins.  Nature,
1227-1232 (1961); Hofmann, K., Bohn, H. Studies on polypeptides. XXXVI. The
30 effect of pyrazole-imidazole replacements on the S-protein activating
potency of an S- peptide fragment, J. Am Chem , 5914-5919 (1966); Kaiser,
E.T. Synthetic approaches to  



biologically active peptides and proteins including enyzres, Acc Chem Res,
47-54 (1989);  Nakatsuka, T., Sasaki, T., Kaiser, E.T. peptide segment
coupling catalyzed by the remis nthetic enzyme thioswbrilisin, J Am Chern
Soc , 3808-3810 (1987); Schnolzer, M., 5 1 9 OCT 2005 WO PCT/US02/12465
Kent, S B H. Constructing proteins by dovetailing unprotected synthetic
peptides:  backbone-engineered HIV protease, _Science 221-225 (1992);
Chaiken, I.M. Semisynthetic  peptides and proteins, CRQ C6t Rey Bioc ,
255-301 (1981); Offord, R.B. Protein  engineering by chemical means? Protein
End., 151-157 (1987); and, Jackson, D.Y., 5 Bumier, J., Quan. C, Stan ley,
M., Tom, I. Wells, J. A. A Designed PeptLigase for  Total Synthesis of
Ribonuclease A with Unnatural Catalytic Residues, Science, 243  (1994). [14]
Chemical modification has been used to introduce a variety of unnatural side
chains, including cofactors, spin labels aid oligonucleoti de s into
proteins in vitro, See, 10 e.g., Corey,D.I. , Schultz, P.C. Generation of a
hybrid sequence-specific single-stranded  deoxyribonuclease, Scienc,
1401-1403 (1987); Kaiser, E.T., Lawrence D.S., Rokita, S.E.  The chemical
modification of enzymatic specificity, Rev Biochern , 565-595 (1985);
Kaiser, E.T., Lawrence, D.S. Chemical mutation of enyze active sites,
Science, 505-511  (1984); Neet, K.E., Nanci A, Koshland, D.E. Properties of
thiol-subtilisin, J Biol. Chem, 15 6392-6401 (1968); Palgar, L.B., M.L. A
new enzyme containing a synrheiicaily formed  active site. Thiol-subtilisin.
J. Am Chem Soc, 3153-3154 (1966); and, Pollack, S.J.,  Nakayama, G. Schultz,
P.G. Introduction of nucleophiles and spectroscopic probes into  antibody
combining sites, cience, 1038-1040 (1988). [15] Alternatively, biosynthetic
methods that employ chemically modified atninoacyl- 20 ERNAs have been used
to incorporate several biophysical probes into proteins synthesized  in
vitro. See the following publications and references cited within: Brunner,
J. New  Photolabeling and crosslinking methods, Annu. Rev Bioche , 483-514
(1993); and,  Krieg, U. C., Walter, P., Hohnson, A.E. Phorocrosslinking of
the signal sequence of  nascent preproiactin of the 54-kilodalton
polypeptide of the signal recognition particle, 25 Proc. Natl. Acad. Sci,
8604-8608 (1986), [1] Previously, it has been shown that unnatural amino
acids can be site-specifically  incorporated into proteins in vitro by the
addition of chemically ami noac yl ated suppressor  tRNAs to protein
synthesis reactions programmed with a gene containing a desired amber
nonsense mutation. Using these approaches, one can substitute a number of
the common  30 twenty amino acids with close structural homologues, e.g.,
fluorophenylalanine for phenylalanine, using shins auxotropic for a
particular amino acid. See, e.g., Noren, C.J.,  Anthony-Cahill, Griffith, M.
C., Schultz, P.G. A general methodforsite-specific  incorporation of
unnatural amino acids into proteins, Science, 244: 182-188 (1989);  M.W.
Nowak, et at, Science 268:439-42 (1995); Bain, J.D., Glabe, C.G., Dix, T.A.,
6 T X05 WO 02/085923 PCT/US02/12465 Chamberlin, A.R., Fiala,
E.S.Biosynthetic sire-specrlc Incorporation of a non-natural  



amino mid into a polypeptide, J. Am Gherf, hoc, 111:S013-8014 (1989); T.
Budisa et al.,  FASEB J. 13:41-51 (1999); Ellman, J.A., Mendel, D.,
Anthony-C ahiil, S., Iorets, C.J.,  Schultz, P.O. Biosynthetic method for
introducing unnatural amino acids site-specifically S into proteins, Methods
in Enz., 301-336 (1992); and, Mendel, D., Cornish, V.W. &  Schultz, P.O.
Site-Directed Muragenesis with an Expanded Genetic Code, Annu Rey  Biohys.
Biomol Struct. 24, 435-62 (1995). 117] For example, a suppressor tRNA was
prepared that recognized the stop codon  UAG and was chemically
aminoacylated with an unnatural amino acid. Conventional site- 10 directed
mutagenesis was used to introduce the stop codon TAG, at the site of
interest in the protein gene. See, e.g., Sayers, J.R., Schmidt, W. ckstein,
F. 5', 3' Exonuclease in  phosphorothioate- ased,olignoucleoride-diirected
mutagensis, Nucleic Acids R s 791-802  (1988), When the acylated suppressor
tRNA and the mutant gene were combined in an in  vitro
transcription/translation system, the unnatural amino acid was incorporated
in 15 response to the UAG codon which gave a protein containing that amino
acid at the  specified position. Experiments using 3H]-Phe and experiments
with ct-hydroxy acids  demonstrated that only the desired amino acid is
incorporated at the position specified by  the UAG codon and that this amino
acid is not incorporated at any other site in the protein,  See, e.g.,
Noren, et al, supra; and, Ellrnan, J.A., Mendel, D., Schultz, P.G.
Sire-specific 20 incorporation of novel backbone structures into proteins,
Science, 197-200 (1992).  (18] In general, these ire vitro approaches are
limited by difficulties in achieving site- specific incorporation of the
amino acids, by the requirement that the amino acids be  simple derivatives
of the common twenty amino acids or problems inherent in the  synthesis of
large proteins or peptide fragments. 25 [191 Microinjection techniques have
also been use incorporate unnatural amino acids  into proteins. See, e.g.,
M. W. Nowak, P. C. Kearney, J. R. Sampson, M. E. Saks, C. G.  Labarca, S. K,
Silverman, W. G. Zhong, J. Thorson, J. N. Abelson, N. Davidson, P. G.
Schultz, D. A. Dougherty and H. A. Lester, science, 268:439 (1995); and, D.
A. Dougherty, Curr. Opi Chem. Biol., 4:645 (2000), A Xenopus aocyte was coin
jected  30 with two RNA species made in vitro: an mRNA encoding the target
protein with a UAG  stop codon at the amino acid position of interest and an
amber suppressor tRNA  aminoacylated with the desired unnatural amino acid.
The translational machinery of the  oocyte then inserts the unnatural amino
acid at the position specified by UAG. This 7 CC" 2005 WO 021085923
PCT/US02/12465 method has allowed in vivo structure-function studies of
integral membrane proteins, which are generally not amenable to in vitro
expression systems. Examples include the  incorporation of a fluorescent
amino acid into tachykinin neurokinin-2 receptor to measure  distances by
fluorescence resonance energy transfer, see, e.g., G. Turcatti, K. Nerneth,
M. 5 D. Edgerton, U. Meseth, F. Talabot, M. Peitsch, J. Knowles, H. Vogel
and A. Chollet, J.  iol_ Che., 271:19991 (1996); the incorporation of
biotinylated amino acids to identify  surface-exposed residues in ion
channels, see, e.g., J. P. Gallivan, H. A. Lester and D. A.  Dougherty,
Chem. Biol., 4:739 (1997); the use of caged tyrosine analogs to monitor
conformational changes in an ion channel in real time, see, e.g., J. C.
Miller, S. I. 10 Silverman, P. M. England, D. A. Dougherty and H. A. Lester,
Neuron, 20:619 (1998); and,  



the use of alpha hydnoxy amino acids to change ion channel backbones for
probing their  gating mechanisms. S ee.g., P. M. England, Y. Zhang, D. A.
Dougherty and H. A.  Lester, Cell, 96:89 (1999); and, T. Lu, A. Y. Ting, J.
Mainland, L. Y. Jan, P. 0. Schultz  and J. Yang, Nat. Neurosci,, 4:239
(2001). 15 [20] However, there are limitations microinjection method, e.g.,
the suppressor tRNA  has to be chemically arninoacylated with the unnatural
amino acid in vitro, and the  acylated tRNA is consumed as a stoichiornetric
reagent during translation and cannot be  regenerated. This limitation
results in poor suppression efficiency and low protein yields,
necessitating highly sensitive techniques to assay the mutant protein such
as 20 electrophysiological measurements. Moreover, this method is only
applicable to cells that  can be microinjected. [21] The ability to
incorporate unnatural amino acids directly into proteins in vivo  offers the
advantages of high yields of mutant proteins, technical ease, the potential
to  study the mutant proteins in cells or possibly in living organisms and
the use of these 25 mutant proteins in therapeutic treatments. The ability
to include unnatural amino acids  with various sizes, acidities,
nucleophiiicities, hydrophobicities, and other properties into  proteins can
greatly expand our ability to rationally and systematically manipulate the
structures of proteins, both to probe protein function and create new
proteins or organisms  with novel properties. However, the process is
difficult, because the complex nature of 30 tRNA~synthetase interactions
that are required to achieve a high degree of fidelity in  protein
translation. (221 In one attempt to site-specifically incorporate
para-F-Phe, a yeast amber suppressor  tRNAPheCUA lphenylalanyl-t,RNA
synthetase pair was used in a p-F-Phe resistant, Phe  auxotrophic
Escherichia coli strain. See, e.g., R. Furter, Frotein.. ci...7:4X9 (1998).
8 19 OCT 2005 wo 021085023 PCT/US02/12465 Because yeast PheRS does not have
high substrate specificity for p-F-Phe, the mutage-nesis  site was
translated with only 64-75% p-F-Phe and the remainder as Phe and Lys even in
the excess of p-F-Phe added to the growth media. In addition, at the Phe
codon positions,  7% p-F-Phe was found, indicating that the endogenous
Escherichia coli PheRS 5 incorporates p-F-Phe in addition to Phe. Besides of
its translational infidelity, e.g., the  suppressor tRNA and PheRS are not
truly orthogonal, this approach is not generally  applicable to other
unnatural amino acids. [23 Therefore, improvements to the process are needed
to provide more efficient and  effective methods to alter the biosynthetic
machinery of the cell. The present invention 10 addresses these and other
needs, as will be apparent upon review of the following  disclosure. SUMMARY
OF THE INVENTION [24] The present invention provides a variety of methods
for making and using  translation systems that can incorporate unnatural
amino acids into proteins, as well as 15 rlated compositions. Proteins
comprising unnatural amino acids made by the translation  system are also a
feature of the invention. Both known and new unnatural amino acids can  be
incorporated into proteins using the translation system of the invention.
The invention  further provides novel unnatural amino acids; various
compositions including the 



unnatural amino acids, e.g., proteins and cells including unnatural amino
acids; chemical  20 ani biosynthetic methods for producing unnatural amino
acids; and methods for  producing and compositions comprising an autonomous
twenty-one amino acid cell.  [251 Thus, in one aspect, the present invenioni
provides compositions comprising a  translation system, The translation
system comprises an orthogonal t1 NA (O-tRNA) and  an orthogonal arninoacyl
tRNA synthetase (O-RS). Typically, the O-RS preferentially 25 aminoacylates
the O-tRNA with at least one unnatural amino acid in the translation system
and the O-tRNA recognizes at least one selector codon. The translation
system thus  inserts the unnatural amino acid into a protein produced in the
system, in response to an  encoded selector codon. [261 Typical translation
systems include cells, such as bacterial cells (e.g., Escherichia  30 call),
archeaebacterial cells, eulcaryotic cells (e.g., yeast cells, mammalian
cells, plant  cells, insect cells), or the like. Alternatively, the
translation system comprises an in vitro translation system, e. g., a
translation extract including a cellular extract. 9 19 OCT 2005  O WO 02
085923 PCT/US02/12465 [27] Exam le O-tl I As compri se a nucleic acid
comprising a polynucleotide sequence  selected from the group consisting of.
SEQ ID NO. 1-3 and/or a complementary  polynucleotide sequence thereof,
Similarly, example O-RS include polypeptides selected  from the group
consisting of: a polypep tide comprising an amino acid sequence selected 5
from the group consisting of SEQ ED NO: 35-66 and a polypeptide encoded by z
nucleic  acid comprising a polynucleotide sequence selected from the group
consisting of: SEQ ID  NO: 4-34 and a complementary polynucleotide sequence
thereof. [281 Examples of unnatural amino acids that can be used by the
translation system  include: an unnatural analogue of a tyrosine amino acid;
an unnatural analogue of a 10 glutaminc amino acid; an unnatural analogue of
a phenylalanine amino acid; an unnatural  analogue of a serineamino acid; an
unnatural analogue of a threonine amino acid; an  alkyl, aryl, acyl, azido,
cyano, halo, hydrazine, hydrazide, hydroxyl, alkenyl, alkyn], ether,  thiol,
sulfonyl, seleno, ester, thloacid, borate, boronate, phospho, phosphono,
phosphene,  heterocyclic, enone, imine, aldehyde, hydroxylamine, keto, or
amino substituted amino 15 acid, or any combination thereof; an amino acid
with a photoactavatable cross-linker; a  spin-labeled amino acid; a
fluorescent amino acid; an amino acid with a novel functional  group; an
amino acid that covalently or noncovalently interacts with another molecule;
a  metal binding amino acid; a metal-containing amino acid; a radioactive
amino acid; a  photocaged and/or photoisomerizable amino acid; a biotin or
biotin- analogue containing 20 amino acid; a glycosylated or carbohydrate
modified amino acid; a keto containing amino  acid; au-tin o acids
comprising polyethylene glycol or polyether; a heavy atom substituted  amino
acid; a chemically cleavable or photocleavable amino acid; an amino acid
with an  elongated side chain; an amino acid containing a toxic group; a
sugar substituted amino  acid, e.g., a sugar substituted serine or the like;
a carbon-] inked sugar-containing amino  25 acid; a redox-active amino acid;
an c-hydroxy containing acid; an amino thin acid containing amino acid; an
of,a disubstituted amino acid; a 0-amino acid; and a cyclic  amino acid
other than praline. 



[29) For example, the unnatural amino acid can be an O-methyl-L -tyrosine,
an L-3 -(2- naphthyl)alanine, a 3-methyl-phenylalanine, an O-4-alkyl-L
-tyrosine, a 4-propyl-L,-tyrosine,  30 a tri- -acetyl- lc AcP-serine, an
L-Dopa, a fluorinated phenylalanine, an isopropyl-L phenylalanine, a
p-azido-L-phenylalanine, ap-acyl-L-phenylalanine, ap-benzoyl-L-
phenylalanine, an L-ph osphoserine, a phosphonoserine, a phosphonotyrosine,
ap-iodo- phenylalanine, ap-bromophenylalanine, ap-amino-L-phenyla]aninc, and
an isopropyl-L to 19 OCT 2005 WO 02/085923 PCT/US02112465 phenylalanilne.in
one embodiment, the at least one unnatural amino acid is an O-methyl-L-
tyrosine. In one specific example embodiment, the at least one unnatural
amino acid is an  L-3-(-naphthyl)alanine. In another set of specific
examples, the at least one unnatural  amino acid is an amino-, isopropyl-,
or 0-ally]-containing phenylalanine analogue, 5 [30] Any of a variety of
selector colons can be used in the present invention, including  nonsense
colons, rare colons, four (or more) base colons, or the like. For example,
in  one embodiment, the at least one selector codon is an amber codon. [311
A variety of exemplar translation systems are provided herein, including
e.g., an  Escherichia coil cell comprising a rntRNAcu;~ and a mutant TyrRS
(L.WJ16), where the  10 mutant TyrRS (LWL16) preferentially aminoacylates
the mtRNA A with D-methyl-L tyrosine in the cell and the cell uses the mtRNA
A to recognize an amber codon. In A another example, an Escherichis coli
cell comprising a mtRNA A and an SS 1 -TyrR is  provided, where the SS
1-TyrRS preferentially arninoacylates the mtRNA ' with L-3- CUA
(2-naphthyl)alanine in the cell and the cell uses the mtRNA A to recognize
an amber  15 codon. [32] The translation system herein provides the ability
to synthesize proteins that  comprise unnatural amino acids in usefully
large quantities. For example, proteins  comprising at least one unnatural
amino acid can be produced at a concentration of at least about 10, 50, 100
or more micrograms per liter, e.g., _in a composition comprising a cell 20
extract, a buffer, a pharmaceutically acceptable excipient, and/or the like.
[33] Another aspect of the present invention provides for the production of
proteins that  are homologous to any available protein, but comprising one
or more unnatural amino acid  homologue. For example, therapeutic proteins
can be made that comprise one or more unnatural amino acid and are
homologous to one or more therapeutic protein. For 25 example, in one
aspect, the protein is homologous to a therapeutic or other protein such as
a cytokine, a growth factor, a growth factor receptor, an interferon, an
interleulcin, an  inflammatory molecule, an oncogene product, a peptide
hormone, a signal transduction  molecule, a steroid hormone receptor, a
transcriptional activator, a transcriptional  suppressor, erythropoietin
(EPO), insulin, human growth hormone, epithelial Neutrophil 30 Activating
Peptide-78, GROcx1M SA, CROP, Goy, MEP-1 a, MIP-16, MCP-I,  hepatocyte
growth factor, insulin-like growth factor, leukemia inhibitory factor,
oncostatin  M, PD-ECSF, PD F, pleictropin, S F, c-kit Iigand, VEGEF, G- F,
IL-1, IL, 2, IL-8, 11 



1OCT2,0--)5 WO 02/035923 PCTMUS02112465 IGF-I, IGF-II, FGF (fibroblast
growth factor), PDGF, TNF, TGF-a, TOF- i, EGF  (epidermal growth factor),
KGF (keratinocyte growth factor), SCF/c-Kit, CD40LICD40,  VLA-4 CAM-1, I
AM-1/LFA-1, hyalurin/GD44, Mos, Ras, leaf, Met; p53, Tat, Fos,  Myc, Jun,
Myb, Rel, estrogen receptor, progesterone receptor, testosterone receptor, .
5 aldosterone receptor, LDL receptor, and/or corticosterone. In another set
of embodiments,  the protein is homologous to a therapeutic or other protein
such as: an Alpha-1 antitrypsin,  an Angiostatin, an Antihemolytic factor,
an antibody, an Apolipoprotein, an Apoprotein,  an Atrial natriuretic
factor, an Atrial natriuretic polypeptide, an Atrial peptide, a C- X-C
chemokine, 739765, NAP-2, EN A-78, a Gro-a, a Oro-b, a Gro-c, an IP-10, a
GCP-2, an 10 NAP-4, an SDF-1, a PF4, a MIG, a Calcitonin, a c-kit ligand, a
cytokine, a CC chemokine,  a lonocyte chernoattractant protein-1, a Monocyte
chemoattractant protein-2, a Monocyte  chernoattractant protein-3, a
Monocyte inflammatory protein-I alpha, a Monocyte  inflammatory protein-I
beta, RANTES, 1309, R83915, R91733, HCCI, T58847, D31065,  T64262, a 'D40, a
CD40 ligand, a C-kit Ligand, a Collagen, a Colony stimulating factor 15
(CSF), a Complement factor 5a, a Complement inhibitor, a Complement receptor
1, a  cytokine, an epithelia] Neutrophil Activating Peptide-78, a GRGa/MGSA,
a GLOP, a  GRGy, a NIP-I a, a NUP-16, a MCP-1, an Epiderm2 Growth Factor
(EGF), an epithelial  Ieutrophil Activating Peptide, an Erythropoietin
(EPG), an Exfoliating toxin, a Factor IX,  a Factor VII, a Factor VIII, a
Factor X, a Fibroblast Growth Factor (FGF), a Fibrinogen, a 20 Fibronectin,
a G-CSF, a GM-CSF, a Glucocerebrosidase, a Gonadotropin, a growth factor,  a
growth factor receptor, a Hedgehog protein, a hemoglobin, a Hepatocyte
Growth Factor  (HGF), a Hirudin, a Human serum albumin, an ICAM-1, an ICAM-1
receptor, an LFA-I,  an LFA-1 receptor, an Insulin, an Insulin-like Growth
Factor (IGF), an IGF-1, an IF-II,  an interferon, an IFN-cc., an IFN-13, an
IFN-y, an interleukin, an IL-1, an II, an IL-3, an 25 I L-4, an IL-5, an
LL-6, an IL-7, an IL-8, an H,9, an IL-10, an IL-11, an IL-12, a
Keratinocyte Growth Factor (KGF), a Lactoferrin, a leukemia inhibitory
factor, a  Luciferase, a Neurturin, a Neutrophil inhibitory factor (), an
oncostatin M, an  Osteogenic protein, an oncogene product, a Parathyroid
hormone, a PD-ECSF, a PDGF, a peptide hormone, a Human Growth Hormone, a
Pleiotropin, a Protein A, a Protein G, a  30 Pyrogenic exotoxins A, B, or C,
a Relaxin, a Rerun, an S CF, a Soluble complement  receptor I, a Soluble
I-CAM 1, a Soluble interleukin receptors, a Soluble TNF receptor, a
Somatornedi a Somatostatin, a Somatotropin, a Streptokinase, a Superanti a
Staphylococcal enterotoxins, an SEA, an SEB, an SEC 1, an SEC2, an SEC3, an
SED, an 12   WO 02/M923 PCT/US01/12465 SEE, a steroid hormone receptor, a
Superoxide dismutase, a Toxic shock syndrome toxin,  a Th ym o sin a] pha 1,
a Ti ssue pl asmi nogen act! vator, a tumor growth factor (TGF), a TGF- a, a
TGF-P, a Tumor Necrosis Factor, a Tumor Necrosis Factor alpha, a Turnor
ne'crosis  factor beta, a Tumor necrosis factor receptor (TNER), a VLAA
protein, a VCAM-t 5 protei n, aVasc ul ar Endotheli a] Growth Factor
(VEGEF), a Urokinase, a Mos, a Ras, a Raf,  



a Met; a p53, a Tat, a Fos, a Myc, a Jun, a Myb, a Rel, an estrogen
rectptor, a  progesterone receptor, a testoattrzne receptor, an a] dosterone
receptor, an LDL receptor,  and/or a coriicosterone. In one aspect, the
compositions herein comprise a protein  comprising an LnnaturaJ amino acid
and a pharrnaccutically acceptable exipient, including, 10 e.g., any of the
proteins noted above and a phannaceutically acceptable exipient. [341 Ho
molog Y to the pol ypepti de = be infemd by ptrforming a sL-quencc ali
gnment,  e.g., us i n g B LASTN or 13LASTP, e. g., set to default
parameters. For example, in one  embodiment, the protein is at least about
50%, at least abOW 75%, at least about 80%, at  least about 90% or at least
about 95 % i dfntic a] to a known therapeudc protein (e. g.,- a 15 protei n
presen t i n Geneb ank or other avai lable databasm). For example, in one
preferred  embod i men 1, the therape-uti c protehi j & erythropoeitin
(EPO). PS] The p votei n of i nterest c an contain 1, 2, 3, 4, 5, 6, 7, 6,
9, 10, 11, 12, 13, 14, 15 or  more unnatural amino acids. The unnatural
amino acids can b-- the sarne or different, e.g.,  there can be 1, 2, 3. 4,
5, 6, 7, 6. 9, 10, 11, 12, 13, 14, 15 or more different sites in the 20
protein that comprise 1, 2,3, 4, 5, 6, 7, 6, 9, 10, 11, 12, 13, 14, 15 or
more different unn atural ami no aci ds. For Oxampl e, in on~-, embodiment,
the protei n is DHFR, and the at  least one un nat ural arni no acid j s sel
ected from the group consi sting of 0-rnethyl-L- tyrosine znd
L-3-(2-naqhthyl)aJanine. (361 The present i n ven ti on al so provides
methods for prodmi n g at least one protein i n  25 a trans] ati on system.
such that th e at I east one prowin comprises at least one unnatural arni no
aci d. In th e methods, the txansl ation system i s provided wi th at least
one nucleic  acid compri si ng at Itast orie selector codon, wherei n the
nucl ei c aci d encodes the at least  one protein. The, translation system
is also provided with an orthogonz] LRNA (0-tRNA),  that functions i n the
transl ati on s ystern and recognizes the at least one selector =don and 30
an orthogonal arninoacyl tRNA synthetase (0-RS), that preferentially
aminoacylates the  0-tRNA with the at least one unnatura) amino acid in the
translation system. Th~, tran sl ati aTi system i s also provi drd with the
at I cast one u nnatural airni no, thereb y 13 19 OCT 2005 WO 021085923
PCT/US02/12465 producing, in the translation system, the at least one
protein comprising the at least one  unnatural amino acid. [371 All of the
above structural features of the compositions can be embodied in the
methods, e.g., types of translation systems (e.g., cells, cell extracts,
etc.), types of proteins  5 produced in the translation systems (e.g., El
homologues and the other proteins noted herein) specific mutant proteins,
specific unnatural amino acids, and the like. [38] In one aspect, the
protein(s) comprising unnatural amino acids that are produced  are processed
and modified in a cell-dependent manner. This provides for the production
of proteins that are stably folded, glycosylated, or otherwise modified by
the cell. 1b [39] The unnatural amino acid is optionally provided exogenou
sly to the translation  system, Alternately,-c g., where the translation
system is a cell, the unnatural amino acid  can be biosynthesized by, the
translation system. [40] In one specific example embodiment, the invention
provides methods for  producing in an Escherichia coli cell at least one
protein comprising at least one 0-methyl- 



15 I-tyrosine. The method includes providing the translation system with at
least one nucleic acid comprising an amber codon, wherein the nucleic acid
encodes the at least one protein;  providing the translation system with a
mtRNA' ,,,,, wherein the mtRNAcA functions in  the cell and wherein the
mtRNAT, recognizes the amber colon; providing the translation  system with a
mutant TyrRS (LWJ16), wherein the mutant TyrRS (LWJI6) arninoacylates 20 the
mtRNA'"'A with the O-methyl-L-tyrosine in the cell; and, providing the cell
with the  D-methyl-L-tyrosine, thereby producing in the cell at least one
protein comprising the 0- methyl-L-tyrosine. [31) In another example
embodiment, the invention provides a method for producing in  an Escherichia
coIi cell at least one protein comprising at least one i3-(2 25
naphthyl)alanine. In this example embodiment, the method includes: providing
the  translation system with at least one nucleic acid comprising an amber
colon, wherein the  nucleic acid encodes the at least one protein; providing
the cell with a rntRNAT; h,  wherein the mtRNATU'A functions in the cell and
wherein the mtRNA A recognizes the C CU amber colon; providing the cell with
an SSI2,-T +rR , wherein the SS 12-TyrRS 30 ami noac yl ates the mtRNA'j'
with the L-3-(-naphthyl)alanine in the cell; and, providing  the cell with
the L-3 -(2-naphthyl)alanine, thereby producing in the cell at least one
protein  comprising the L-3-(2-naphthyl)a]arline. 14 1 UO OCI 255 WO
02/085923 PCTfUS02J12465 [42] In another aspect, the present inventi on
provides unnatural amino acids, e.g., Meta  substituted phelaylalani-ne
analogues, such as 3-acetyl-phenylalanine and 3-methoxy  phenylalanine;
tyrosine analogues, such as 4-allyl tyrosine; glycosylated arnino acids, and
the like. 5 [43j Vari ou s compositions comprising unnatural arnino acids,
e. g., proteins and cell s  comprising the unnaftwal amino acids of the
invention, are also provided, For example,  com po sition s c ornpri sin g
an unnatural arnino acid and an orthogonal tRNA, e. g,, covalently bendf,-d,
are provi&.d. Compositions wmprising Unnatural arnino acids and an
ort-hogonal,amincacyl tRNA synthetase, e.g., hydrogen bonded, amalso
provided. 10 [441 Jn ancther aspect, the present invention provides mr-thods
of synthesizing anii-no  acids. for example, 4-allyl-Ltyrosine, is typically
synthesized by reacting a protected  tyrosine with allyl bronioe, e.g., in
the presence of sodium hydride and DNT, and  deprotec ti ng to yiel d 4-all
yl -Ltyrosine. Typical ly an N-B oc or Fmoc protected tyrosi ine i s  used,
e.g., with an acidic deprotectior, e.g., in the presence of hydrochloric
acid and 15 dioxane. The Final product is_optfonally extracted, e.g., with
ethanol or dichloromethane.  [45] Meta- substi luted phenyl a] ani ne anal
ogues are typi c a] I y synthesized by condensing  diethylacetami domal on
ate and a meta- substi ruted benzyl brami de. 'Me product of the  cande.ns
ad an is then typi c al I y h ydrol yzed to yield the meta-substi tuted
phenyl alanine  analogut, e. g,. a keto, acetyl, or rneth oxy substi tutr-d
phen y1alani ne such as 3-mah oxy 20 phe--nyl al ani ne or 3 -acetyl-phen
y1alanine. The desired meta substituted benzyl bromide i s optional I y
synthesi zed by reacti n g N-bromosuccinimide (NB S) with 3-
methylacetophenour, to produce a brominated product, and crystallizing the
broEninated  pToduc t in a hexaln e soluti on. ne crystal I ization yi elds
a monabromide product as  



opposed to a m i x (tire of a monobrom i dff, an d a dibrorr~ de. 25 [46] In
an other aspect, the present in vention provides bi o syn theti c methods
for  producin g unn atural amino acids . For examp] e, glycos yl ated ami n
a acids are optional] y  synthesized in A vo, e. g,, by transforrilin g a
cell with a plasmid c omprisi ng a gene for an  N- acetyl-gal aclosami
nidase, a tran sgl ycosyl ase, or a serine-gl yc osy1h ydrolase. The cell
then produces thr. dcsired gl ycosyl ated arnj no aci d, e. g. frorn c el I
ular res ources. In another 30 rx ample, p-arni n opben ylalani ne is s yn
thesized, c. g., in vi vo, by enzymatic all y coinv erting  chorismate to 4-
arnino-4-deox ycheri smic aci d; which i s enzymaticall y can verted to 4-
anni no-4-deox ypre phenic ac id; and enzymab call y converting the
4-amine-4- deoxyprepheni c aci d to p-ami nophenyl-pytuvic acid, wh ich is
enzymati cal I y con verted to  p-arninophenyl alan in c. The enzymatic con
versions are typically performed usi n g a 4 15 9 DCT 2U  WO 02M{FM5923 PC
(ETSD2l12465 amino-4-dcoxychorismate synthase, e.g., PapA, a chorisnnate
mutase, e.g., Pap B, and a  prephenate dehydrogenase, e.g,, Pap C,
respectively. The final step is typically performed  by contacting the
p-aminophenyl-pyruvic acid with an arninotransferease, e.g., .a Non-
specific tyrosine aminotransferase, e.g., derived from E coll.
Arninotransfereases of use in 5 the present invention include, but are not
limited to, tyrB, asps, or ilvE. Typically the  above steps are performed in
vivo, e.g., by transforming a cell with a plasmid compri sing  the genes
which encode the enzymes used for the synthesis. [47] In another aspect, the
present invention provides a method of producing p- aminophen yl in an
Escherichia cols cell. The method typically comprises 10 transforming the
cell with a plasmid comprising papA, papB, and papC, wherein the cell
comprises chorismate and an aminotransferase. Expression of papA, papB, and
papC  results in a synthase, a mutase, and a dehydrogenase, wherein these
enzymes together with  the arninotransferase produce p-phenyla]anine from
chorismate. [48] In another aspect, the present invention provides an
autonomous twenty-one (or  15 more) amino acid cell. The cell, e.g., a
bacterial cell, typically compri ses a biosynthetic  pathway system for
producing an unnatural amino acid, e, g., p-am~nopheny1alaninc, from  one or
more carbon sources within the cell, e.g., chorismate, and a translation
system  comprising an orthogonal ERI A (-tRNA) and an orthogonal aminoacyl
tR A synthetase  (0-RS). The 0-RS preferentially aminoacylates the O-tRNA
with the unnatural amino 20 'acid and the O-tRNA incorporates the unnatural
amino acid into a protein in response to a  selector codon, e.g.. a nonsense
codon such as TAG, a four base codon, or an amber  codon. The cell can
comprise more than one unnatural amino acid, e.g. 1, 2, 3, 4, 5, 6, 7,  8,
9, 10, 11, 1, 213, 14, 15 or more unnatural amino acids, optionally with
more than one orthogonal tRIA (e.g., one per unnatural amino acid to provide
for site-specific 25 incorporation of each unnatural amino acid in a
protein, or more, or less, to tune the  specificity of unnatural amino acid
incorporation) and/or more than one orthogonal  aininoacyl tRNA synthetase
(0-RS) (e.g., one per orthogonal RNA, or more or less to  tune the
specificity of unnatural amino acid incorporation). [49] In some
embodiments, the biosynthetic pathway systems produce a natural cellular  30
amount of the unnatural amino acid, e. g,, the cell produces the unnatural
amino acid in an  amount sufficient for protein biosynthesis, which amount
does not substantially alter the  



concentration of natural amino acids or substantially exhaust cellular
resources in the  production of the unnatural amino acids, 16 1 19 OCT N05
WO 021085923 PCTIUS02/12465 [50) In one ex ample cl ass of embodbrents, the
autonomous cel I i s en gi neered to  produce p-arni noph enylalanine from
ch ori smatt as descri bed abo ve. In thi s embodiment,  the cell is
engineered to produce the desixd enzymes as described above, e.g., a
synthase,  a dehydrogenase, and a mutase derived from StreptonUces
VenezRelae or Streptomyces 5 pristinaesp iralis and a arninotrangerase
derived from E. coli. For ex ample, the ceIls of th e  invention are
optional] y transformed with a plasmi d, e.g., low c opy pS C 10 1 dod ved
plasmid, comprising papA, papE, and papC, wherei in the plzsmid further
comprises an Ipp  promoter and a I ac. promoter. In some =bodiments, the
plasmid furffier comprises coe or  more ribosome bi ndi ng sites. 10 [5 1
Other unnatural amino acids th at are opfl onall y produced by the cell s of
the  invention i nclude, but are not I i mi ted to, dopa, 0-methyl-Ityra
sine, glycosylated araino  aci ds, pegylated amin o apids, other unn atural
amino acids noted he=in, and the li ke.  (52) In another related aspect, the
present invention provides a cell comprising one or  more syste-ins for
producing at least twenty one amino acids and specifically incorpomting IS
one or more of the amin o ac ids ffim one or more proteins withi n the cell,
wherei n at leas t  one of the incorporatcd amino acids comprises an
unnatural arnina acid. [531 In another aspect, the present invention
provides a method of identifying an  advantage provided by ain unnatural
amino acid which has been incorporated into one or  more proteins of a cell.
The method typically comprises providing a library of cells, each 20 'of whi
ch cells compri ses a randomized pl asmi d, e. g-, deri ved fr6m an E. coli
gen orar..  One or more of the ran darrid zed pl asmi ds typical ly confers
on the ccil s an ability to i ncorporate an unn atural amino aci d ir to a
protein, The library of cell s is then screened to  identify cells with
enhanced gmwO, e.g., as compared to a native F- cah cell, thereby i denti
fying an advantage pro vi ded by the tiflnatural arnina aci d ~ In sorn~-,
embodiments, a  25 sr-cand screen is used to further verify that
anyadvantagt identified is due to the unnatural  aminoacid. [54] Kits = ari
additional feature of the invention, For example, the kits can include  one
or more translation system as noted above (e.g., a cell, a 21 or more amino
acid cell,  etc .), one or more unnatural ami no aci d, e g,, with appropri
ate packaging mated al, 30 contai ners for hol di rig the components of the
kit, i nstnted onal material s for practicing the  methods herein and/or the
1i ke. S i mi I A y, products 6f the trans] ati on systems (e.g.,  proteins
such as EPO analogues comprising unnatural an-~no acids) can be provided in
kit  form, e - g., with containers for h a] di ng the, components of the ki
t, i ns"c fi onal m aterial S  for prac d ci ng th e methods h erein and/or
the li ke. 17 WO 02MS5923 BRIEF DESCRIPTION OF THE FIGURES 19 OCT 2005
PCT/US02/12465 [5S] Figure I is a sterioview of the amino acid residues i n
the active site of TyrRS  



(rnodifi ed from P. B rick, T. N. Mat, D. M, 1B low, L.Mol - B iol - 208, 83
-9 8 (198 8)).  Residues from B. stearathermophilus TyrRS are shown in -the
figure, f 556] Figure 2 illustrates accumulation of E. coli DBFR protein,
both wild-type (wt) and  mutant under different conditions. Expression
conditions are notated at the top of each  lane. The left lane is molecular
weight marker. Figure 2A is a silver-stained SDS-PAGE  gel o r purified
DBFR. Figure 2B is a Western blot of the gel in Figu re 2A. [57] Figure 3 is
a tandem mass spectrum of an NH2 ten-ninal peptide of D11FR, 10 MTY* MIAALA
VDR. Tb e partial sequence Y*NUA ALAVDR of tht peptide; containing  the
0-mr. th yl -L-tyrosi ine resi due (Y*) can be read from the annotated b or
y ion series. [581 M gu re 4 i I I u stratVs accumul ali an of mou se DHIFR
protei n, both wil d-type (wt) and  mutant, under different conditions.
Expression conditions are notated at the top of each  lane. The left I ane
is m olecul ar weight marker. Figure 4A is a silver-staived SDS -PAGE 15 gel
of purified DIfFR. Figure 4B is a Western blot of the gel in Figure 4A.
[59] Figure 5 i s a tandem mass spectrum of the tryptic: peptide LJ_PEX
*TGVLSEVQEEK (X* represents L-3- (2-31 aph thy])-alani ne). The sequence can
be iread from the annotated b or y i on se ri c s, even so, b7 and y 13 are
n ot observed. The  base peak 821.7 (100%) assigned to the doubly charged
y14 ion is truncated for clarity. 20 160] Figure 6, Panels A-D, illustrate
features o f the arnplifiable fluoroscence reporter  systern. Figure 6A i s
plasmid pREP. T7 RNA polymerase transcription i s control led by  the ara
promoter; protein expression depends on suppres sion of amber codons at
varying  locations within the gene. GFPuv expression is controlled by T7 RNA
polymerase. Plasrnid pRFP is compatible for use with a CoIE I plasmid.
expressing an orthogonal 25 synthetaseARNA pair. Figure 6B i Illustrates
composition and fl uorescence enh mcement  of T7 RNA polymerase gene
constructs w ithi n pREY(I -12). ne con struct number i s  indicated to the
left of each. Fluorescence enhancements, indicated to the light of each
construct, are calculated as the cell concentiration-corrected rad o of
fluorescence, as measured fluor metrically, of cell s con tai n ing pREP(I-
12) and pQ or pQD. The position 5  30 of amber mutation s within the gene
are indicated abovt each con struct. Figu re 6C illustrates cytometric
analysis of cells containing pREP(l 0) and either pQD (top) or PQ  (bottom).
Figure 6D illustrates fluorimetric an analyses of celIs containing pREP(I 0)
and  expressing various E. coli suppressor tRNAs. 'None' indicates that the
celIs contain n o  suppressor tRNA. 18 19 OCT 2005 WO 02/085923
PCT/US02/12465 (611 Figure 7, Panels A-C, illustrates components of a
multipurpose reporter plasmid  system for directing the evolution of M.
jannaschii TyrRS. Figure 7A illustrates plasmid  pREPIYC-JYCUA. Plasmid pR
IYC-JYCUA is compatible for use with plasmid pBK  and variants, Figure 7B
illustrates structures of unnatural amino acids used as targets for 5 the
evolution of M. jannas hii TyrRS. Figure 7 illustrates a strategy for a
evolution of  an arnirioacyl-LRI A synthetase using plasmid pt P{YC-JY UA.
Fluorescent and non- fluorescent cells are shown in black and grey,
respectively. [62] Figure 8, Panels A-D, illustrates the activity of the
dominant synthetase variant  from each successful evolution experiment.
Figure SA is a photograph illustrating long a 



10 wavelength ultraviolet illumination of cells containing pREPIY-JYCUA and
the  indicated synthetase variant, grown in either the presence (+) or
absence () of the  corresponding unnatural ,amino acid. Figure SB
illustrates a fluorimetric analysis of cells containing pREPIY-JYCUA and the
indicated synthetase variant, grown in either the  presence (left) or
absence (right) of the corresponding unnatural amino acid. Figure 8C  15 is
a table that illustrates a Cm Ise analysis of cells containing pREPIY -J CUA
and the indicated synthetase variant, grown in either the presence or
absence of the corresponding  unnatural amino acid. Figure 8D illustrates a
protein expression analysis from cells  containing p]3 IJYAMB-4TAG and the
indicated synthetase variant, grown in either the  presence (+) or absence
(-) of the corresponding unnatural amino acid. 20 [631 Figure 9 illustrates
activity comparisons of OAY-RS variants derived using a  negative FACS
-based screen [ 0AY-RS (1,3,5)] or negative barna a-based selection [ AY
RS(B J. Cells containing pl /YC-JYCUA and the indicated synthetase variant
were  grown in either the presence (solid block, left) or absence (solid
block, right) of the  corresponding unnatural amino acid and analyzed
fluorimetrically. Fluorescence 25 enhancement (bar, back) is calculated as
the cell concentration-corrected ratio of  fluorescence of cells grown in
the presence versus the absence of unnatural amino acid.  [641 Figure 10 is
an autoradiograph of a western blot demonstrating expression of - MeO-Phe.
and m-Acetyl-Phe- incorporated DHFR. [65] Figure 11 illustrates the
fluorescence emission spectra of fluorescein hydrazide  30 labelled protein.
[66] Figure 12 illustrates the unnatural amino acids para-a
ido-phelylalanine and para- benzoyl-phen yl al anine. [7] Figure 13
illustrates a chemical scheme for the synthesis of an ally-substituted
phenylalanine. 19 I0C 21i5  \V[3 02/085923 PCT/US02/1246i [68] Figure 14
illustrates a chemical scheme for the synthesis ofineta-substituted
phenylalanines. [69] Figure 15 illustrates the biosynthesis
ofp-aminophenylalanine. Panel A illustrates  a plasmid used for the
biosynthesis ofp-arninophenylalanine and Panel B illustrates a 5
biosynthetic scheme for the production ofp-aminophenylalanine from
cborismate, e.g.,  using the plasmid of Panel A. [70] Figure 16 illustrates
a variety of unnatural amino acids.  [71] Figure 17 illustrates a variety of
unnatural amino acids.  [72] Figure 18 illustrates a variety of unnatural
amino acids. 10 1731 figure 19 illustrates additional amino acids, natural
and unnatural for  incorporation into proteins via in vivo suppression. 174]
Figure 20 provides a biosynthetic scheme for production of dopa. [75] Figure
21 illustrates a method for determining evolutionary advantages in a cell
due to the ability to specifically incorporate twenty-one amino acids, 15
[7] Figure 22 illustrates a method for site-specific incorporation of
unnatural amino  acids. [771 Figure 23 illustrates the synthesis of various
glutamine analogs. 



[78] Figure 24 illustrates the synthesis of a gamma substituted glutarnine
analog.  [79] Figure 25 illustrates the synthesis of a cyclic glutamine
derivative. 20 [S0] Figure 26 illustrates a variety of tyrosine analogs. `,.
!81]' Figure 27 illustrates -a synthetic scheme for the production of
tyrosine analogs.  [g] Figure 28 illustrates a biosynthetic scheme for
producing glycosylated amino  acids, 1831 Figure 29 illustrates a variety of
unnatural amino acids, e.g., as used in a cellular  25 uptake study. Any or
all of the above figures are schematic in nature, DETAILED DESCRIPTION ON
GENERAL [84] The present invention provides compositions and methods for
augmenting the  protein biosynthetic machinery of a cell to accommodate
additional genetically encoded  30 amino acids using orthogonal t
NAlaminoacyl tRNA synthetase (O-tRNAI -R) pairs. The compositions and
methods described here can be used with unnatural amino acids,  e.g,,
providing novel spectroscopic, chemical or structural properties to proteins
using any 20 1 UCT 2005 WO 021085923 PCT/US02I12465 of a wide array of side
chains. The invention is applicable to both prokaryotic (e.g.,  Eubacteri a,
Archeaehacteria) and eukaryotic (e. g., yeast, mammalian, plant, or insect)
cells, These compositions and methods are useful for the site specific
incorporation of  unnatural amino acids via selector colons, e.g., stop
eodons, four base colons, and the 5 like. The invention also provides
proteins, including unnatural amino acids, produced  using the compositions
or made by the methods of the invention. The ability to introduce  unnatural
amino acids into proteins directly in living cells provides new tools for
studies  of protein and cellular function and can lead to the generation of
proteins with enhanced  properties useful for, e.g., therapeutics. 10
!EFINTI'I N  [85] Homologous. Proteins and/or protein sequences are
"homologous" when they are  derived, naturally or arti icially, from a
common ancestral protein or protein sequence.  Similarly, nucleic acids
and/or nucleic acid sequences are homologous when they are  derived,
naturally or artificially, from a common ancestral nucleic acid or nucleic
acid 15 sequence. For example, any naturally occurring nucleic acid can be
modified by any  available mutagenesis method to include one or more
selector codon. When expressed,  this mutageniaed nucleic acid encodes a
polypeptide comprising one or more unnatural  amino acid. The mutation
process can, of course, additionally alter one or more standard  codon,
thereby changing one or more standard amino acid in the resulting mutant
protein 20 as well. Homology is generally inferred from sequence similarity
between two or more  nucleic acids or proteins (or sequences thereof). The
precise percentage of similarity  between sequences that is useful in
establishing homology varies with the nucleic acid and protein at issue, but
as little as 25% sequence similarity is routinely used to establish
homology. Higher Ievels of sequence similarity, e.g., 30%, 40%, 50%, 60%,
70%. 90'0, 25 90%, 959 or 99% or more can also be used to establish
homology. Methods for  determining sequence similarity percentages
(e.g.,13LA TP and BLA TN using default  parameters) are described herein and
are generally available. 



[$b] Ortho: As used herein, the term "orthogonal" refers to a molecule
(e.g., an orthogonal tRNA (0-[RNA) and/or an orthogonal aminoacyl tRNA
synthetase (O-R ))  30 that is used with reduced efficiency by a system of
interest (e. g., a translational system, e.g., a cell). Orthogonal refers to
the inability or reduced efficiency, e.g., less than 20 %  efficient, less
than 10 %efficient, less than 5 efficient, or c. g., less than 1% efficient,
of  an orthogonal tRNA and/or orthogonal R S to function iii the translation
system of interest. 21  WO 02/085923 PCT/US02/124 5 For example, an
orthogonal tRNA in a translation system of interest aminoacylates any
endogenous RS of a translation system of interest with reduced or even zero
efficiency,  when compared to aminoacylation of an endogenous tRNA by the
endogenous RS. In  another example, an orthogonal RS aminoacylates any
endogenous tRNA in the 5 translation system of interest with reduced or even
zero efficiency, as compared to  aminoacylation of the endogenous tRNA by an
endogenous R. [87] Preferentially aminaacylates- The term "preferentially
aminaacylates" refers to an  efficiency of, e.g., about 70 % efficient,
about 75 % efficient, about 85% efficient, about  90% efficient, about 95 %
efficient, or about 99% or more efficient, at which an O-R5 10 aminoacylates
an O-tRNA with an unnatural amino acid compared to a naturally occurring
LRNA or starting material used to generate the O-tRNA. The unnatural amino
acid is then  incorporated into a growing polypeptide chain with high
fidelity, e.g., at greater than about  7 5% efficiency for a given selector
codon, at greater than about 80% efficiency for a given  selector codon, at
greater than about 90% efficiency for a given selector codon, at greater 15
than about 95 efficiency for a given selector codon, or at greater than
about 99% or more  efficiency for a given selector colon. [88] Selector
codon: The term "selector codon" refers to codons recognized by the 0- tRNA
in the translation process and not recognized by an endogenous tRNA. The 0-
tRNA anticodon loop recognizes the selector codon on the mRNA and
incorporates its 20 amino acid, e.g., an unnatural amino acid, at thus site
in the polypeptide. Selector codons  can'include, e.g., nonsense codons,
such as, stop codons, e.g., amber, ochre, and opal  codons; four or more
base codons; codons derived from natural or unnatural base pairs and  the
like. For a given system, a selector codon can also include one of the
natural three  base codons, wherein the endogenous system does not use. said
natural three base codon, 25 e.g., a system that is lacking a tRIA' that
recognizes the natural three base cadon or a  system wherein the natural
three base codon is a rare codon. [89] Suppressor tRNA: A suppressor tRNA is
a tRNA that alters the reading of a  messenger RNA (mRNA) in a given
translation system. A suppressor tRNA can read  through, e.g., a stop codon,
a four base codon, or a rare cadon. 30 [90] Translation systern: The term
"translation system" refers to the components  necessary to incorporate a
naturally occurring amino acid into a growing polypeptide  chain (protein),
Components of a translation system can include, e.g., ribosomes, tRNAs,
synthetases, mRNA and the like. The components of the present invention can
be added  to a translation system, in vivo or in vitro. A translation system
can be a cell, either 22 WO 02x'085923 PCT/US421124 5 



prokaryotic, e.g., an E. coli cell, or eukaryotic, e.g., a yeast, mammalian,
plant, or insect  cell. . (91] Unnatural amino acid: As used herein, the
term "unnatural amino acid" refers to  any amino acid, modified amino acid,
and/or amino acid analogue that is not one of the 20  5 naturally occurring
amino acids or scleno cysteine. [921 Unless otherwise defined herein or
below in the remainder of the specification, all  technical and scientific
terms used herein have the same meaning as commonly  understood by those of
ordinary skill in the art to which the invention belongs. DISCUSSION ` 10
[931 Proteins are at the crossroads of virtually every biological process,
from  photosynthesis and vision to signal transduction and the immune
response. These  complex functions result from a polyamide based polymer
consisting of twenty relatively  simple building blocks arranged in a
defined primary sequence. [94] The present invention includes methods and
composition for use in the site-specific  15 incorporation of unnatural
amino acids directly into proteins in vivo. Importantly, the  unnatural
amino acid is added to the genetic repertoire, rather than substituting for
one of  the common 20 amino acids. The present invention, e.g., (i) allows
the site-selective, or  random insertion of one or more unnatural amino
acids at any desired position of any  protein, (ii) is applicable to both
prokaryotic and eukaryotic cells, (iii) enables in vivo 20 studies of mutant
proteins in addition to the generation of large quantities of purified
mutant proteins, and (iv) is adaptable to incorporate any of a large variety
of non-natural  amino acids into proteins in vivo, The invention provides
compositions and methods  useful for in vivo site specific incorporation of
unnatural amino acids. Specifically, the  invention provides translation
systems, e.g., cells, that include an orthogonal tRNA (0 25 tRNA), an
orthogonal aminoacyl tRNA synthetase (O-RS), and an unnatural amino acid,
where the O-RS aminoacylates the OAR NA with the unnatural amino acid, and
the cell  uses the components to incorporate the unnatural amino acid into a
growing polypeptide  chain. 1951 The invention further provides methods for
in vivo sit specific incorporation of  30 unnatural amino acids using the
translation systems of the invention. The invention also  provides proteins
produced by the methods of the invention. The claimed proteins include
unnatural amino acids. 23 O 021085923 19OCT2  PCT/USO2iI2465 [961 The
compositions and methods of the invention utilize an orthogonal tRNA (-
t1NA) arr~ noacyl tRNA synthetase (O-RS pair. A wide range of pairs can be
used with  the following properties: the O-tRNA is preferentially
aminoacylated with an unnatural  amino acid by the O-RS. In addition, the
orthogonal pair functions in the translation 5 system of interest, e.g., the
translation system uses the unnatural amino acid- aminoacylated O-tRNA to
incorporate the unnatural amino acid into a polypeptide chain.
Incorporation occurs in a site specific manner, e.g., the O-tRNA recognizes
a selector  colon, e.g., a stop colon, in the mRNA coding for the protein.
[97] In one embodiment, the 0-tRNA is derived from a Tyr-tRNA from a 



10 Merhanococcus jann schii cell. In a preferred embodiment, the O-tI NA is
that referred to  herein as mtRNATIT ,;- . In another embodiment, the O-dRNA
includes a nucleic acid  polynucleotide sequence'selected from the group
that includes SEQ II) NO: 1-3 or a  complementary polynucleotide sequence
thereof. [98] In some embodiments of the invention, the O-RS is derived from
TyrRS from a 15 Methanococcus jannaschii cell. In a preferred embodiment,
the O-RS is referred to herein  as mutant TyrRS (LWJ16) or SSI2-TyrRS. In a
further embodiment, the O-RS includes a  polypeptide selected from the group
consisting of a polypeptide comprising an amino acid  sequence selected from
the group consisting of SEQ ID NO: 35-66 and a polypeptide encoded by a
nucleic acid comprising a polynucleotide sequence selected from the group
20 consisting of, SEQ ID NO: 4-34 or a complementary polynucleotide sequence
thereof.  [991 In a preferred embodiment, the invention includes an
Escherichia ccii cell  comprising a mtRNA A and a mutant TyrRS (LWJ1 ),
wherein the mutant TyrRS  (LWJI6) preferentially aminoacylates the mlRNA
with O-methyl-Ityrosine in the cell and the cell uses the mtRNAYA; to
recognize an amber colon. 25 [1001 In another preferred embodiment, the
invention includes an 'rch richia coli cell  comprising a mtRNAT'"'A and an
SS12-TyrRS, wherein the SS12-TyrRS preferentially  aminoacylates the mtRNAT
a with L-3-(2-naphthyl)alanine in the cell and the cell uses  the mtRNA '~,
to recognize an amber codon. [101] Sequences of exemplary 0-tRNA and O-RS
molecules are described in the  30 Examples. 24 1 9 0 C T 7105 WO Q2lt15 9Z3
PCTJUS42112465 Orthogonal tRNA and Orthoeonal aminoaevl-tRNA synthetase
pairs  [102] An orthogonal pair is composed of an O-tRNA, e.g., a suppressor
tRNA, a  frameshift tRNA, or the like, and an O-RS. The O-tRNA is not
acylated by endogenous  synthetases and is capable of decoding a selector
colon, as described above. The O-RS 5 recognizes the O-t13NA, e.g., with an
extended anticodon loop, and preferentially  arrdnoacylates the O-tRNA with
an unnatural amino acid. The development of multiple  orthogonal
tRNA/synthetase pairs can allow the simultaneous incorporation of multiple
unnatural amino acids using different codons. [103] The O-tNA and the O-RS
can be naturally occurring or can be derived by 10 mutation of a naturally
occurring tRNA and/or RS from a variety of organisms, which are  described
under sources and hosts. In various embodiments, the O-tRNA and O-RS are
derived from at least one' organism. In another embodiment, the O-tRNA is
derived from  a natural] y occurring or mutated naturally occurring tRNA
from a first organism and the  O-RS is derived from naturally occurring or
mutated naturally occurring RS from a second  15 organism. [104] Methods
(deriving, mutating, screening) for obtaining O-tRNA, O-RS, and pairs to  be
used in the compositions and methods of the invention are also described
United States  Patent application Serial No. , titled `Methods and
Compositions for the production of orthogonal tRNA-tkNA synthetase pairs,,,
(Attorney docket number 54- 20 000130US by Schultz et al) filed concurrently
with the instant application, the disclosure  _ .k 



of which is incorporated in its entirety. [105] Iese methods solve the
problems discussed in the background section for the  other strategies that
were attempted to generate -orthogonal tRNA/RS pairs. Specifically,  these
methods include: (a) generating a library of tRNAs derived from at least one
tRNA  25 from a first organism, (b) negatively selecting the library for
tRNAs that are aminoacylated by an aminoacyl-tRNA synthetase (RS) from a
second organism in the  absence of a RS from the first organism, thereby
providing a pool of tRNAs; c) selecting  the pool of tRNAs for members that
are arninoacylated by an introduced orthogonal S  (O-R), thereby providing
at least one recombinant O-tRNA. The at least one 30 recombinant O-tRNA
recognizes a selector colon and is not efficiency recognized by the  RS from
the second organism and is preferentially aminoacylated by the O-R. The
method also includes: (d) generating a library of mutant Rs derived from at
least one  aminoacyl-tRNA synthetase (RS) from a third organism, (e)
selecting the library of Ras 25 1 11 OCT 2C0 WO 021085923 PCT/US02/1245 for
members that preferentially aminoacylate the at least one recombinant 0-tRNA
in the  presence of an unnatural amino acid and a natural amino acid,
thereby providing a pool of  active RSs; and, (f) negatively selecting the
pool for active RSs that preferentially arninoacylate the at least one
recombinant O-tRNA in the absence of the unnatural amino  5 acid, thereby
providing the at least one specific O-t1AIO-RS pair, where the at least one
specific O-tRNAIO-RS pair comprises at least one recombinant O-RS that is
specific for  the unnatural amino acid and the at least one recombinant
O-tRNA. [106] One strategy for generating an orthogonal pair involves
generating mutant libraries  from wihc to screen anchor select an 0-tRNA or
0-R& 10 11071 A second strategy for generating an orthogonal tRNAlsynthetase
pair involves  importing a heterologous tRNAlsynthetase pair, e.g.,
importing a pair from another, e.g.,  source organism into the, host cell.
The properties of the heterologous synthetase  candidate include, e.g., that
it does not charge any host cell tRNA, and the properties of  the
heterologous tRNA candidate include, e.g., that it is not acylated by any
host cell 15 synthetase. In addition, the heterologous tRNA derived frorn
the heteroIogous M NA is  orthogonal to all host cell synthetases. [108)
Using the methods described herein and in United States Patent application
Serial  No. ., titled "Methods and Compositions for the production of
orthogonal  tRNA-tRNA synthetase pairs," (Attorney docket number 54-00013 by
Schultz et al), 20 the pairs and components of pairs desired above are
evolved to generate orthogonal  _.-.tRNAlsynthetase pairs that possess
desired characteristic, e.g., that can preferentially  arninoacylate an
0-tRNA with an unnatural amino acid. (1091 Al though di scussed with
reference to strategies for incorporating unnatural amino  acids into
proteins in vivo herein, it will be appreciated that strategies can be
developed to  25 incorporate natural amino acids in response to selector
codons as we] 1, providing an additional basis of and for mutagenesis. That
is, a synthetase can be modified to load a  natural amino acid onto an
orthogonal tRNA that recognizes a selector codon in a manner  similar to the
loading of an unnatural amino acid as described throughout. 



Production or orthogonal amirnoacyl tRNA synthetases (0-RS ) 30 [110]
Methods for producing an O-RS are based on generating a pool of mutant
synthetases from the framework of a wild-type synthetase, and then selecting
for mutated  RSs based on their specificity for an unnatural amino acid
relative to the common twenty.  To isolate such a synthctase, the selection
methods of the present invention are. (i) 26 1 a O C T 2005 WO 4218.c923
PCT/US02Jt246 sensitive, as the activity of desired synthetases from the
initial rounds can be low and the  population small; (ii) "tunable", since
it is desirable to vary the selection stringency at  different selection
rounds; and, (iii) general, so that it can be used for different unnatural
amino acids. [1111] Methods to generate an orthogonal arninoacyl tRNA
synthetase include mutating  the synthetase, e.g., at the active site in the
synthetase, at the editing mechanism site in the  synthetase, at different
sites by combining different domains of synthetases, or the like,  and
applying a selection process. A strategy is used, which is based on the
combination of  a positive selection followed by a negative selection. In
the positive selection, suppression 10 of the selector codon introduced at a
nonessential position(s) of a positive marker allows  cells to survive under
positive selection pressure. In the presence of both natural and  unnatural
amino-acids, s}irvivors thus encode active synthetases charging the
orthogonal  suppressor tRNA with either a natural or unnatural amino acid.
In the negative selection,  suppress ion of a selector codon introduced at a
nonessential position(s) of a negative 15 marker removes synthetases with
natural amino acid specificities. Survivors of the  negative and positive
selection encode synthetases that arninoacyl ate (charge) the  orthogonal
suppressor tRNA with unnatural amino acids only, These synthetases can then
be subjected to further mutagenesis, e.g., DNA shuffling or other recursive
mutagenesis  methods, 20 :.[112] The library of mutant RSs can be generated
using various mutagenesis techniques  known in the art. For example, the
mutant RSs can be generated by site-specific  mutations, random point
mutations, homologous recombinantion, chimeric construction or  the like.
[113] The positive selection step ctn include, e.g., introducing a positive
selection 25 marker, e.g., an antibiotic resistance gene, or the like, and
the library of mutant RSs into a  plurality of cells, wherein the positive
selection marker comprises at least one selector  codon, e.g,, an amber
codon; growing the plurality of cells in the presence of a selection  agent;
selecting cells that survive in the presence of the selection agent by
suppressing the  at least one selector codon in the positive selection
marker, thereby providing a subset of 30 positively selected cells that
contains the pool of active mutant R Ss. Optionally, the  selection agent
concentration can be varied. [114] The negative selection can include, e.g.,
introducing a negative selection marker  with the pool of active mutant R Ss
from the positive selection into a plurality of cells of a  second organism,
wherein the negative selection marker is an antibiotic resistance gene, 27 



WO 02JO95923 PCT/US02/42465 e.g., a chloramphenicol acetyl tran sferase
(CAT) gene, comprising at least one selector  codon; and, selectin g cells
that survive in a I st media supp] emented wi th tht unnatural  amino acid
and a selection agent, but fail to survive in a 2nd media not supplemented
with  the unnatural arnino acid and the selection agent, themby providing
surviving cells with 5 the at ]Past one recombinant O-RS. Optionally, the
concentration of the selection agent is  varied. [115] The positive section
can be based on suppression of a selector codon in a positive  sel ecti on
marker, e. g,, a chIoramphenicol acetyltransfeme (CAT) gene comprising a
selector codon, e.g., an amber stop codon, in the CAT gene, s o that
chloramphenicol can 10 be applied as tht positive selection pressure. In
addition, the CAT gene can be used as  both z positive marker and negative
marker as describe herein in the pre-sence and absence  of unnatural amino
acid., Optional I y, the CAT gene comprising a selector codon is used  for
Ehe positive selection and a negative selection marker, e.g., a toxic
marker, such as a  bamase gene cc m prisin g at I east one or more selector
codon s, i s used for the negati ve 15 selection. [ 116] The posi ti ve
selecti on can also bc bas(--d on suppression of a selector codon at a
nonessent i a] positi ain in the P-lactamase gene., renderi ng cells
ampicillin resi stant; and a  negative selection using the ribonuclease
bamase as the negativc marker is use& In contrast to P- Lac tamase, which i
s secreted into the perip] as m, CAT I wali zes i n the 2G . ~Ytoplasm;
moreoYer, amipicillin is bacteiiacidal, while chloramphenicol is
bacteliostatic.  [1171 The. recomb i n ant O-RS can be further mutated and
selected. In on e embodiment, the methods for producing at least one
recombinant orthogonal arninoacyl-tRNA syn Lhetase (0-RS) c an further cc
mpri se: (d) isolating the at least one mcombin ant O-RS;  (e) generating a
secand set of mutated O-RS derived from the at least one recombinant 0 25
RS; and, M repeating steps (b) and (c) until a mutated O-RS is obtained that
comprises an  ability to preferentially aminoacylate the 0-tRNA, Optionally,
steps (dHf) are repeated,  e.g., at least about two times. In one aspect,
the socond set of rioutated O-RS can be gencrated by mutageriesis, e.&.
random mutagenesis, site-specific mutagenesis,  recombination or a
combination themof. 30 Production or ortb2gonal tRNA f 0-tRNAs) (118]
Methods for producing a recombinant orthogonal tRNA (0-tRNA) are provided in
United States Patent application Serial No... , titled "Methods and
Compositions 28 1 O OCT 2 005 WO 02/085923 PCT/US02/12465 for the production
of orthogonal tRNA-tRNA synthetase pairs,,, (Attorney docket number 54-0001
OUS, by Schultz et a]). 11191 Methods of producing a recombinant Q-tRNA
include: (a) generating a library of  mutant tRNAs derived from at least one
tRNA, e.g., a suppressor tRNA, from a first 5 organism; (b) negatively
selecting the library for mutant tRNAs that are aminoacylated by  an
aminoacyl-tRNA syntbetase (RS) from a second organism in the absence of a RS
from  the first organism, thereby providing a pool of mutant tRNAs; and, (c)
selecting the pool  



of mutant tRNAs for members that are aminoacylated by an introduced
orthogonal RS (0- RS), thereby providing at least one recombinant -tRNA;
wherein the at least one 10 recombinant O-tRNA recognizes a selector codon
and is not efficiency recognized by the  RS from the second organism and is
preferentially arnin oac ylated by the 0-RS. In one  embodiment, the
recombinant O-tRNA possesses an improvement of orthogonality. [120] For
example, to improve the orthogonality of a [RNA while preserving its
affinity  toward a desired RS, the methods include a combination of negative
and positive 15 selections with a mutant suppressor tRNA library in the
absence and presence of the  cognate synthetase, respectively, In the
negative selection, a selectorcodon(s) is  introduced in a marker gene,
e.g., a toxic gene, such as barn ase, at a nonessential position.  When a
member of the mutated tRNA library, e.g., derived from Merhartococcus
jannaschii, is aminoacylated by en dogeno us host, e.g., Escherichia cods
synthetases (i.e., it 20 is not orthogonal to the host, e.g., Escherich ia
coti'synthetases), the selector codon, e.g.,  an amber codon, is suppressed
and the toxic gene product produced leads to cell death,  Cells harboring
orthogonal tRNAs or non-functional tRNAs survive. Survivors are then
subjected to a positive selection in which a selector codon, e.g.. an amber
codon, is placed  in a positive marker gene, e.g.! .a dry resistance gene,
such a i-lactamase gene. These 25 cells also contain an expression vector
with a cognate R. These cells are grown in the  presence of a selection
agent, e.g., ampicillin, tRNAs are then selected for their ability to  be
aminoacylated by the coexpressed cognate synthetase and to insert an amino
acid in  response to this selector codon. Cells harboring non-functional
tRNAs, or tRNAs that  cannot be recognized by the synthetase of interest are
sensitive to the antibiotic. 30 Therefore, tRNAs that: (1) are not
substrates for endogenous host, e.g., Escherichia colt,  synthetases; (ii)
can be arrinoacylated by the synthetase of interest; and (iii) are
functional  in translation survive both selections. 29 n "T Dnn5 Wo
02/085923 PCT/US02/12465 [121) Libraries of mutated tRNA are constructed.
Mutation& can be introduced at a specifi c positi on(s), e g,, at a
nonconservative position(s), or at a conservative position, at  a randomized
positi on (s), or EL combinat on of both in a desired loop of a tRNA, e. g,,
an  anticodon loop, (D arm, V loop, T*C arm) or a combination of loops or
all loops. 5 Chi meric libraries of tRNA are :dso included in the present
invention. It should be noted  that libr,-&es of tRNA synthetases from
various organism (e.g., microorganisms such as  eubacteria or arch
aebacteria) such as libraries that comprise natural diversity (see, e,g., U.
S. Patent No. 6,23 8,884 to Shoirt et al; U.S. Patent No. 5,7 56,3 16 to
Schal lenberger et a];  U.S ~ Patent No. 5,783,431 to Petersen et a]; U.S.
Patent No, 5,824,485 to Thompson a al;  10 US, Patent No. .5,95 8,672 to S
hart at a]), are option ally constructed and screened for  orthogonal pairs.
[122] For example, negatively selecting the library for mutant tRNAs that
are  aminoacylated by an aminoacyl-tRNA synthetase can include: introducing
a toxic marker  gone, wh erei n the toycic market gene comprises at least on
a of the selector codons and the 15 library Gf mutant tRNAs into a plurality
of cells from the second organism, and, selecting  suvA ving cel Is, wherein
the survivin g cells contain the pool of mutant tRNAs cGmpri sin g  at least
one orthogonal tRNA ot nonfunefional tRNA. For example, the toxic marker
gene  



is a ribonuclease barnase gene, wherein the ribonuclease barn ast geric
cornpriaes at I e ast  one amber codon. Optionally, the ribonuclease barnase
gene can include two or more 20 amber codons, The surviving eel Is can be
selected, e. g., by usin a comparison. ratio cc] I  density assay. (1231 In
another example, selecting the pool of mutant tRNAs for members that are
arninoacylated by an i n troduced orthogon a] RS (0-RS) can include:
introducing a positive  selection marker gene, wherein the positive
selection marker gone comprises a drug 25 resistance gene, e. g., a P- I
actarnase 'gene, cornprising at least one of the selector codens,  e.g., a
P-lactamase gene comprising at Ieast one amber stop wdon, the O-R S, an d
the pool  Df mutant tRNAs in to a pIurality of celIs from the second organi
sm; and, selecting surviving cell s grown in the presence of a selection
agent, e. g., an anti biotic, thereby  providing a pool of cells possessing
the at least one recombinant tRNA, wherein the  30 recombinant tRNA is
aminoacylated by the O-RS and in response ton zmi no aci d i nto a
translation product enc oded by the positive marker gene, in res ponse- to
the at least one  selector codons. In another embodiment, the concentration
of the selection agent is varied.  Recombinant 0-tRNAs produced by the
methods are included in the present invention. 30 I 9 OCT 2005 WO 02/N5923
PCT/US02/1246 [124] The stringency of the selection steps, e.g., the
positive selection step, the negative  selection step or both the positive
and negative selection steps, in the above described- methods, optionally
include varying the selection stringency. For example, because  barnase is
an extremely toxic protein, the stringency of the negative selection can be
5 controlled by introducing different numbers of selector codons into the
barnase gene. In  one aspect of the present invention, the stringency is
varied because the desired activity  can be low during early rounds. Thus,
less stringent selection criteria are applied in early  rounds and more
stringent criteria are applied in later rounds of selection. [125] Other
types of selections can be used in the present invention for generating,
e.g.,  10 O-RS, O-tRNA, and O-tRNAIO-RS pairs. For example, the positive
selection step, the  negative selection step or both the positive and
negative selection steps can include using a  reporter, wherein the reporter
is detected by fluorescence-activated cell sorting (FAGS).  For example, a
positive selection can be done first with a positive selection marker, e.g.,
chloramphenicol acetyltransferase (CAT) gene, where the CAT gene comprises a
selector 1 5 codon, e.g., an amber stop colon, in the CAT gene, which
followed by a negative  selection screen, that is based on the inability to
suppress a selector codon(s), e.g., two or  more, at positions within a
negative marker, e.g., T7 RNA polymerase gene. In one  embodiment, the
positive selection marker and the negative selection marker can be found  on
the same vector, e.g.. plasmid. Expression of the negative marker dri vas
expression of 20 the reporter, e.g., green fluorescent protein (GFP). The
stringency of the selection and  screen can be varied, e.g., the intensity
of the light need to fluorescence the reporter can be  varied. In another
embodiment, a positive selection can be done with a reporter as a  positive
selection marker, which is screened by FACs, followed by a negative
selection  screen, that is based on the inability to suppress a selector
codon(s), e.g., two or more, at 25 positions within a negative marker, e.g.,
barnase gene. [126] Optionally, the reporter is displayed on a cell surface,
on a ph age display or the  



like. Cell-surface display, e.g., the OmpA-based cell-surface display
system, relies on the  expression of a particular epitope, e.g., a
poliovirus C3 peptide fused to an outer  membrane porin O npA, on the
surface of the Escherichia coli cell. The epitope is 30 displayed on the
cell surface only when a selector colon in the protein message is
suppressed during translation. The displayed peptide then contains the amino
acid  recognized by one of the mutant aminoacyl-tR1A synthetases in the
library, and the cell  containing the corresponding synthetase gene can be
isolated with antibodies raised  against peptides containing specific
unnatural amino acids. The OmpA-based cell-surface 31 WO 02!085923 1 9 OCT
2005  PCT/US02/12465 display system was developed and optimized by Gcorgi et
at. as an alternative to ph age  display. See, Francisco, Y. A., Campbell,
R., Iverson, B. L. & Georgoiu, C. ProdRcrion and  fluorescence-activated
cell sorting of Escherichia coil expressing a f nctionai antibody  fragment
on the external surface. Prat Nall Acad Sci [ A. 90:10444-8 (1993). 5 [127]
The selection steps can also be carried out in vitro. The selected
component, e.g.,  synthetase and/or tRNA, can then be introduced into a cell
for use in in vivo incorporation  of an unnatural amino acid. Source and
llost Organisms [1281 The orthogonal tRNA-RS pair, e.g., derived from at
least a first, e.g., source 10 organism or at least Iwo source organisms,
which can be the same or different, can be used  in a variety of host
organisms, e.g.. a second organism. The first and the second  organisms of
the methods of the present invention can be the same or different. In one
embodiment, the first organism is a prokaryotic organism, e.g.,
Methanococcus jannaschii,  Methanobacteriuru the rmoaurorrophicum,
Halobacterium, Escherichia coii, A. fuigidus, 15 Halobacterium, P. furious,
P. hori eoshii, A. pernix} T. thermophilus, or the like.  Alternatively, the
first organism is a eukaryotic organism, e.g., punts (e.g.. complex plants
such as monocats, or dicots), algae, protists, fungi (e. g., yeast, etc),
animals (e.g..  mammals, insects, atthropods, etc.), or the like. In another
embodiment, the second  organism is a prokaryotic organism, fethunococcus
jannaschii, Meth.anobacterium 20 thermoautotrophicum, Haiobacterium,
Escherichia coli, A. fulgidus, falobacteriwn, P.  furiosus, P. horikoshii,
A. pernix. T. the rmophilus, or the like. Alternatively, the second
organism can be :a eukaryotic organism, e.g., plants, fungi, animals, or the
like. [129] As described above, the individual components of a pair can be
derived from the  same organism or different organisms. For example, tRNA
can be derived from a 25 prokaryotic organism, e.g., an archaebacterium,
such as Methanococcus jc uaschi and  Halobacterium NR C-I or a eubacterium,
such as Escherichia colt, while the synthetase  can be derived from same or
another prokaryotic organism, such as, ethanococcus  jannaschii,
Archaeogiobus fulgidus, Methanobacterium thermoautotrophicum, P. furiosus,
P. horikoshi . A. pernix, T. thermophiius, Halobacterium, Escherichia coli
or the like, 30 Eukaryotic sources can also be used, e.g., plants (e.g.,
complex plants such as monocots,  or di cots), algae, protists, fungi (e.g.,
yeast, etc.), animals (e.g., mammals, insects,  arthropods, etc.), or the
like. 32 



1 9 OCT 2005 WO 02/085923 PCT/US02/12465 Selector Codons [130] Selector
colons of the present invention expand the genetic codon framework of
protein biosynthetic machinery. For example, a selector codon includes,
e.g., a unique  three base codon, a nonsense codon, such as a stop colon,
e.g., an amber codon, or an opal 5 codon, an unnatural codon, at least a
four base codon or the like. A number of selector  codons can be introduced
into a desired gene, e.g., one or more, two or more, more than  three, etc.
[1311 The 64 genetic codons code for 20 amino acids and 3. stop codons.
Because only  one stop codon is needed for translational termination, the
other two can in principle be  10 used to encode nonproteinogenic amino
acids. The amber stop codon, UAG, has been successfully used in in vitro
biosynthetic system and in Xenopus oocytes to direct the  incorporation of
unnatural amino acids. Among the 3 stop codons, [JAG is the least used  stop
codon in Escherichia coli, Some Escherichia coli strains contain natural
suppressor  tRNAs, which recognize [TAG and insert a natural amino acid. In
addition, these amber  15 suppressor tRNAs have been used in conventional
protein mutagenesis. [132] In one embodiment, the methods involve the use of
a selector codon that is a stop  codon for the incorporation of unnatural
amino acids in vivo. For example, an O-tRNA is  generated that recognizes
the stop codon, e.g., JJAG, and is aminoacyiated by an O-RS  with a desired
unnatural amino acid, This O-tRNA is not recognized by the naturally 20
occurring aminoacyl-tRNA syntherases. Conven mutagenesis can be used to
introduce the stop codon, e.g., TAG, at the site of interest in the protein
gene. See,  e.g., Sayers, JR., Schmidt, W. Eckstoin, F. 5',3' Exonuc lease
in phospharothioate-based  oligonucleotide-directed mutagenesis. Nucleic
Acids Res, 791-802 (1983). When the 0- RS, O-tRNA and the mutant gene are
combined in vivo, the unnatural amino acid is 25 incorporated in response to
the [JAG codon to give a protein containing the unnatural  amino acid at the
specified position. [133] The incorporation of unnatural amino acids in vivo
can be done without significant  perturbation of the host, e.g., Escherichia
coll. For example, because the suppression  efficiency for the [JAG codon
depends upon the competition between the G-tRNA, e.g., 30 the amber
suppressor tRNA, and the release factor I (1 F1) (which binds to the UAG
codon and initiates release of the growing peptide from the ribosome), the
suppression  efficiency can be modulated by, e.g., either increasing the
expression level of O-tRNA,  e.g., the suppressor tRNA, or using an RF1
deficient strain. 33 WO 02/085923 19 OCT 2005  PCT/US02/124 5 [1341
Unnatural amino acids can also be encoded with rare codons. For example,
when  the arginine concentration in an in -vitro protein synthesis reaction
is reduced, the rare  arginine codon, AGG, has proven to be efficient for
insertion of Ala by a synthetic tRNA  acylated with alanine. See, e.g., C.
H, Ma, W. Kudlicki, O. W. Odom, C. Kramer and B. 5 Hardesty, Biochemistry,
32:7939 (1993). In this case, the synthetic tRNA competes with  the
naturally occurring tRNAArg, which exists as a minor species in Escherichia
coll.  



Some organisms do not use all tnip]et codons. An unassigned codon A GA in
Micrococcus  luteus has been utilized fcr insertion of amino acids in an in
vitro transcription/translation  extract. See, e.g., A, K. Kuwal and J. S.
Oliver, Nucl. Acid. Res., 25:4685 (1997). 10 Components of the present
invention can be generated to use these rare codons in vivo.  [135] Selector
codons also comprise four or more base codons, such as, four, five, six or
more base codons. Examples of four base codons include, e.g., ALGA, CUAG,
UAGA,  CCCU and the like. Examples of five base codons include, e.g., AGGAC,
CCCCU, CCC1J , CUAGA, CUACU, UAGGC and the like. For example, in the
presence of 15 mutated 0-tRNAs, e.g.. a special frameshift suppressor tRNAs,
with anti codon loops, e.g. .with at least 8-10 nt anticodon loops, the four
or more base talon is read as single amino  acid. In other embodiments, the
anticodon loops can decode, e.g., at least a four-base talon, at least a
five-base codon, or at least a six-base colon or more. Since there are 256
possible four-base codons, multiple unnatural amino acids can be encoded in
the same cell  20 :using the four or more base codon. See, J. Christopher
Anderson et al., Exploring the Limits of Codon and Anticodon Size, Chemistry
and Biology, Vol. 9, 237-244 (2002);  Tomas J. Magliery, Expanding the
Genetic Code: Selection of Efficient Suppressors of  Four-base Codons and
Identification of "Shifty" Four-base Codons with a Library  Approach in
Es.cherichia coli, J. Mol. Biot. 307: 755-769 (2001). 25 [136] Methods of
the present invention include using extended codons based on  frameshift
suppression. Four or more base codons can insert, e.g., one or multiple
unnatural amino acids into the same protein. For example, four-base codons
have been  used to incorporate unnatural amino acids into proteins using in
vitro biosynthetic  methods. See, e.g., C. H. Ma, W. Kudlicki, 0. W. Odom,
G. Kramer and B. Hardesty, 30 Biochemistry, 1993, 32, 7939 (1993); and, T.
Hohsaka, D. Kajihara, Y. Ashizuka, H.  Murakami and M. Sisido, J. Am. Chem.
Soc., 121:34 (1999). CGGand AGGU were  used to simultaneously incorporate
2-naphthylalanine and an NBD derivative of lysine  into streptavidin in
vitro with two chemically acylated frameshift suppressor ERNAs. See,  e.g.,
T. Hohsaka, Y. Ashizuka, H. Sasaki, H. Murakami and M. Sisido, J. Am, Chem.
Soc., 34 19 OCT 2005 WO 021085923 PCT/US02/12465 121:12194 (1999). In an in
vivo study, Moore et al. examined the ability of tRNALeu derivatives with
NCUA anticodoris to suppress UAON codoris (N can be Lt, A, G, or C),  and
found that the quadruplet UAGA can be decoded by a tRNAI.eu with a UUA
anticodon with an efficiency of 13 to 26% with little decoding in the 0 or
-1 frame, See, 5 B. Moore, B. C. Persson, C. C. Nelson, R P. Gesteland and
J. F. Atkins, J.Mo1. Biol.,  298:195 (2000). In one embodiment, extended
codons based on rare codons or nonsense  codons can be used in present
invention, which can reduce mis sense readthrough and  frameshift
suppression at other unwanted sites. [137] A translational bypassing system
can also be used to incorporate an unnatural .10 amino acid in a desired
polypeptide. In a translational bypassing system, a large sequence  is
inserted into a gene but is not translated into protein. The sequence
contains a structure  that serves as a cue to induce the ribosome to hop
over the sequence and resume  translation downstream of the insertion. [138]
Alternatively, or in combination with others methods described above to 



15 incorporate an unnatural amino acid in a polypeptide, a trans-translation
system can be  used. ''his system Involves a molecule called tmRNNA present
in Escherichia coli. This  RNA molecule is structurally related to an alanyl
tRNA and is aminoacylated by the alanyl  synthetase. The difference between
tmRNA and tRNA is that the anticodon loop is  replaced with a special large
sequence. This sequence allows the ribosome to resume 20 translation on
sequences that have stalled using an open reading frame encoded within the
tmRNA as template. In the present invention, an orthogonal tmRNA can be
generated that  is preferentially aminoacylated with an orthogonal
synthetase and loaded with an  unnatural amino acid. By transcribing a gene
using the system, the ribosome stalls at a  specific site; the unnatural
amino acid is introduced at that site, then translation resumes, 25 using
the sequence encoded within the orthogonal tmRNA. [139] Selector codons
optionally include unnatural base pairs. These unnatural base  pairs further
expand the existing genetic alphabet. One extra base pair increases the
number of triplet codons from 64 to 125. Properties of third base pairs
include stable and  selective base pairing, efficient enzymatic
incorporation into DNA with high fidelity by a 30 polymerase, and the
efficient continued pruner extension after synthesis of the nascent
unnatural base pair, Descriptions of unnatural base pairs which can be
adapted for  methods and compositions include, e.g,, Hirao, et al., An
unnatural base pair for  incorporating amino acid analogues into protein,
Nature Biotechnology, 20:177-182  (2002). Other relevant publications arc
listed below. 35 WO 02/085923 19 OCT 2005  PCT/US02112 t65 [140] For in vivo
usage, the unnatural nucleoside is membrane permeable and is  phosphorylated
to form the corresponding triphosphate. In addition, the increased genetic
information is stable and not destroyed by cellular enzymes. Previous
efforts by Benner  and others took advantage of hydrogen bonding patterns
that are different from those in 5 canonical Watson-Cri ck pairs, the most
noteworthy example of which is the iso-Casa- pair. See, e.g., C. Switzer, S.
E. Moroney and S. A. Benner, J. Am, Chem. Soc., I11:8322  (1989); and, 1. A.
Piccirilli, T. KraucliS. E. Moroney and S. A. Benner, Nature, 1990,  343:33
(1990); E. T. Kool, Corr. Opin. Chem. Biol., 4:602 (2000). These bases in
general  mispair to some degree with natural bases and cannot be
enzymatically replicated, Tool 10 and co-workers demonstrated that
hydrophobic packing interactions between bases can  replace hydrogen banding
to drive the formation of base pair. See, E. T. Kool, Curr. Opin.  Chem.
Biol., 4:602 (200Q); and, K. M. uckian and E. T. Kool, Angew. Chem. Fut. Ed.
Engl., 36, 2825 (1998). In an effort to develop an unnatural base pair
satisfying all the  above requirements, Schultz, Romesberg and co-workers
have systematically synthesized 15 and studied a series of unnatural
hydrophobic bases. A PICS:PIGS 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 poly=rase I (KF), See, e.g., D. L. McMinn,
A. K. Ogawa, Y. Q. Wu, L Q. Liu, P. G. Schultz and F. E. Romesberg, J. Am.
Chem. Soc.,  121:11586 (1999); and, A. K. Ogawa, Y. Q. Wu, D. L. McMinn, J.
Q. Liu, P. G. Schultz 20 and F. E. Romesberg, J. Am. Chem. Soc., 122:3274
(2000). A 3MN:3MN self-pair can be  synthesized by KF with efficiency and
selectivity sufficient for biological function. See,  



e.g., A. K. Ogawa, Y. Q. u, M. Berger, P. C. Schultz and F. E. Romesberg, J.
Am.  Chem, Soc., 122:8803 (2000). However, both bases act as a chain
terminator for further  replication. A mutant DNA polyrnerase has been
recently evolved that can be used to 25 replicate the PICS self pair. In
addition, a 7AI self pair can be replicated. See, e.g., E. 1.  L. Tae, Y. Q.
Wu, C. Xia, P. G. Schultz and F. E. Romesberg, J.._A ._Chern. Sac.,  123;
7439 (2001). A navel metallobase pair, Dipic:Py, has also been developed,
which  forms a stable pair upon binding Cu(13). See, E. Meggers, P. L.
Holland, W. B. Tolman,  F. E. Romesberg and P. C. Schultz, J. Am. Chem.
Soc., 122:10714 (2000). Because 30 extended codons and unnatural codons are
intrinsically orthogonal to natural codons, the  methods of the present
invention can take advantage of this property to generate  orthogonal tRIAs
for them. 36 1iOC ~j4 WO 02/085923 PCT/US02/12465 Unnatural amino acids
1141] As used herein an unnatural amino acid refers to any amino acid,
modified amino  acid, or amino acid analogue other than selenocysteine and
the following twenty  genetically encoded alpha-amino acids: alanine,
arginine, asparagine, aspartic acid, 5 cysteine, glutamine, glutamic acid,
glycine, histidine, isoleucine, leucine, lysine,  methionine, phenylalanine,
pioline, serine, thrconine, tryptophan, tyrosine, valine. The  generic
structure of an alpha-amino acid is illustrated by Formula I: I [1421 H2N"
'LqgH 1143] An unnatural amino acid is typically any structure having
Formula I wherein the R  10 group is any substituent other than one used in
the twenty natural amino acids. See, e.g.,  Biochemistry by L. Stryer, 3 ed.
1988, Freeman and Company, New York, for structures  of the twenty natural
amino acids. Note that, the unnatural amino acids of the present  invention
can be naturally occurri ng compounds other than the twenty alpha-amino
acids  above. 15 1144] Because the unnatural amino acids of the invention
typically differ from the natural  amino acids in side chain only, the
unnatural amino acids form anode bonds with other  amino acids, e.g,,
natural or unnatural, in the same manner in which they are formed in
naturally occurring proteins. However, the unnatural amino acids have side
chain groups  that distinguish them from the natural amino acids. For
example, R in Formula I 20 optionally comprises an alkyl-, aryl-, acyl-,
keto-, azido-, hydroxyl-, hydrazine, cyano-,  hale-, hydrazide, alkenyl,
alkynl, ether, thiol, seleno-, sulfonyl-, borate, boronate, phospho,
phosphono, pfiosphine, heterocyclic, enorte, imine, aldehyde, ester,
thioacid,  hydroxylamine, amino group, or the like or any combination
thereof. Other unnatural  amino acids of interest include, but are not
limited to, amino acids comprising a 25 photoactivatable cross-linker,
spin-labeled amino acids, fluorescent amino acids, metal  binding amino
acids, metal-containing amino acids, radioactive amino acids, amino acids
with novel functional groups, amino acids that covalently or noncovalently
interact with  other molecules, photocaged and/or photoisornerizable amino
acids, amino acids comprising biotin or a biotin analogue, glycosylated
amino acids such as a sugar 30 substituted serine, other carbohydrate
modified amino acids, keto containing amino acids, 



37 1 9 OCT 2005 WO 02/085923 PCT/US02/12445 amino acids comprising
polyethylene glycol or polyether, heavy atom substituted amino  acids,
chemically cleavable and/or photocleavable amino acids, amino acids with an
elongated side chains as compared to natural amino acids, c. g., polyethers
or long chain  hydrocarbons, e.g., greater than about 5 or greater than
about 10 carbons, carbon-linked 5 sugar-containing amino acids, redox-active
amino acids, amino thioacid containing amino  acids, and amino acids
comprising one or more toxic moiety. [1451 In addition to unnatural amino
acids that contain novel side chains, unnatural  amino acids also optionally
comprise modified backbone structures, e. g., as illustrated by  the
structures of Formula 11 and IR: 10 [146] 11 I [1471  [1481 HI [149] "2N
'cqj" [150] wherein Z typically compri ses OH, NH2, SH, NH-W, or S-R'; X and
Y, which can  15 be the same or different, typically comprise S or 0, and R
and R', which are optionally the  same or different, are typically selected
from the same list of constituents for the R group  described above for the
unnatural amino acids having Formula I as well as hydrogen. For  example,
unnatural amino acids of the invention optionally comprise substitutions in
the  amino or carboxyl group as illustrated by Formulas II and I. Unnatural
amino acids of  20 this type include, but are not limited to, c-hydroxy
acids, cc-thioacids a aminothi ocarboxyl ates, e.g., with side chains
corresponding to the common twenty natural  amino acids or unnatural side
chains. In addition, substitutions at the a-carbon optionally  include L, D,
or cc-a-di s ubstituted amino acids such as D-glutamate, D-alanine,
D-methyl- 0-tyrosine, aminobutyric acid, and the like. Other structural
alternatives include cyclic 25 amino acids, such as praline analogues as
well as 3,4,6,7,8, and 9 membered ring pr+oline  analogues, p and y amino
acids such as substituted P-alanine and y-amino butyric acid. 38 1 9 OCT
2005 WO 021085923 PCT/US02/12655 [151] For example, many unnatural amino
acids are based on natural amino acids, such as tyrosine, glutamirte,-phenyl
alanine, and the like. Tyrosine analogs include para- substituted trosines,
ortho-substituted tyrosines, and meta substituted tyrosines, wherein  the
substituted tyrosine comprises an acetyl group, a benzoyl group, an amino
group, a 5 hydrazine, an hydroxyarnine, a thiol group, a carboxy group, an
isopropyl group, a methyl  group, a C6 - C2o straight chain or branched
hydrocarbon, a saturated or unsaturated  hydrocarbon, an O-methyl group, a
polyether group, a nitro group, or the like. In addition,  multiply
substituted aryl rings are also contemplated. Glutamine- analogs of the
invention  



include, but are not limited to, a-hydroxy derivatives, y-substituted
derivatives, cyclic 10 derivatives, and amide substituted glutamine deri
vatives, Example phenylalanine analogs include, but are not limited to,
meta-substituted phenylalanines, wherein the substituent  comprises a
hydroxy gro}ip, a methoxy group, a methyl group, an allyl group, an acetyl
group, or the like. Specific examples of unnatural amino acids include, but
are not limited  to, O-methyl-L-tyrosine, an L-3-( naphthyl)alanine, a
3-methyl-phenylalanine, an 0-4 15 allyl-L-tyrosine, a 4-propyl-L-tyrosine, a
tri -O-acetyl- lcNAcf -serine, an L-Dop a, a  fluorinated phenylalanioe, an
isopropyl-L-phenylalanine, ap-azido-L-phenylalanine, a p-
acyl-L-phenylalanine, ap-benzoyl-L-phenylalanin.e, an L-phosphoserine, a
phosphonoseririe, a phosphonotyrosine, ap-iodo-phenylalanine,
ap-bromophenyla]anine,  ap-amino-L-phenylalanine, and an
isopropyl-L-phenylalanine, and the like. The structures 20 of a variety of
unnatural amino acids are provided in the figures, e.g., Figures 17, 19, 19,
26, and 29. [152] Typically; the unnatural amino acids of the invention are
selected or designed to  provide additional characteristics unavailable in
the twenty natural amino acids. For  example, unnatural amino acid are
optionally designed or selected to modify the biological 25 properties of a
protein, e.g., into which they are incorporated. For example, the following
properties are optionally modified by inclusion of an unnatural amino acid
into a protein:  toxicity, biodistribution, solubility, stability, e.g.,
thermal, hydrolytic, oxidative, resistance  to enzymatic degradation, and
the like, facility of purification and processing, structural  properties,
spectroscopic properties, chemical and/or photochemical properties,
catalytic 30 activity, redox potential, half-life, ability to react with
other molecules, e.g., covalent]} or  noncovalently, and the like. 39 WO
021085923 Chemical Synthesis of Unnatural Amino Aicds 19 O C T 2005
PCT/US02/12465 [1531 Many of the unnatural amino acids provided above are
commercially available,  e.g., from Sigma (USA) or Aldrich (Milwaukee, WI,
USA). Those that are not  commercially available are optionally synthesized
as provided in the examples below or 5 using standard methods known to those
of skill in the art. For organic synthesis  techniques, see, e.g., Organic
Chemistry by Fessendon and Fessendon, (1982, Second  Edition, Willard Grant
Press, Boston Mass.); Advanced.Organic Chemistry by March  (Third Edition,
1985, Wiley and Sons, New York); and Advanced Organic Chemistry by  Carey
and Sundberg (Third Edition, Parts A and B, 1990, Plenum Press, New York).
10 [154] For example, meta-substituted phenylalanines are synthesized in a
procedure as  outlined in Figure 14. TypicalIy, NBS (N-bromosuccinimide) is
added to a meta- substituted methylbenzene compound to give a meta-
substituted benzyl bromide, which is  then reacted with a malon ate compound
to give the meta substituted phenyl alanint.  Typical substituents used for
the meta position include, but are not limited to, ketones, 15 methoxy
groups, alkyls, acetyls, and the like. For example, 3-acetyl-phenylalanine
is  made by reacting NB S with a solution of 3-methylacetophenone. For more
details see the  examples below. A similar synthesis is used to produce a
3-rnethoxy phenylalanine. The  R group on the meta position of the benzyl
bromide in that case is -OCH3. See, e.g., 



Matsoukas et al., J. Med Chem., 1995, 38, 4660-4669. 20 {155] In some
embodiments, the design of unnatural amino acids is biased by known
information about the active sites of synthetases, e.g., orthogonal tRNA
synthetases used  to aminoacylate an orthogonal tNA. For example, tree
classes of glutamine analogs are  provided, including derivatives
substituted at the nitrogen of amide (1), a methyl group at  the ?-position
(2), and a N-Cr-cyclic derivative (3). Based upon the x-ray crystal
structure 25 of E. coil O1nS, in which the key binding site residues are
homologous to yeast GInRS,  the analogs were designed to complement an array
of side chain mutations of residues  within a 10 A shell of the side chain
of glutamine, e.g., a mutation of the active site  Phe233 to a small
hydrophobic amino acid might be complemented by increased steric  bulk at
the Cy position of Gin. 30 [1561 For examp] e, I .phthaloyl-L-glutamic
1,5-anhydride (compound number 4 in  Figure 23) is optionally used to
synthesize glutamine analogs with sub stituents at the  nitrogen of the
amide. See, e.g., King, F.E. & Kidd, D.A.A. A New Synthesis of  xlutamirre
and of y-Dipeptides of Glutamic Acid from Phthylated Intermediates. J. Chem.
40 1 9 OCT 2005 WO OV085923 PCTfUS02112465 SDc., 3315-3319 (1949); Friedman,
O.M. & Chatterti, R. Synthesis of Derivatives of  Glummine as Model
Substrates for Anti-Tumor Agents, J~ AnL Chem. Soc. 81, 3 750-37 5 2
(1959); Crai g, J. C. et al. Absolute Configuration of the Enantiomers of
7-Chl =4 [ [4 (diethylamino)- I -meth y1butyl] au-~ no] qLinoline (Chlaroqui
ne), J. Org. Chem, 53, 1167- 5 1170 (1988); and Azoulay, M., Vilmont, M. &
Frappier, F. Glutaryline analogues as  Potential Antimalarials,. Eur. J.
Med. Chem. 26, 201-5 (199 1). The anhydride i s. typic aIly  prepared from
glutamic acid by first protection of the amino as the phthalin-dde followed
by refluxing in acetic acid. The anhydride is then opened With a number of
amines, resuIting in a range of substituents at the amide. Deprotection of
the phthaloyl group with  10 hydrazine affords a free amino acid as show n
in Fi gum 23. j 157] Substitution at the y-position is typically
accomplished via alkyl ation of glutami 0  aci d. S ee, e.g., Koskineq,
A.M.P ~ & Rapoport, H. S ynthesis of 4-S ubstituted Prolines as  Con format
io n al I Y Con strained Arn! no Ac id Analogues. J. Org. Chem .54, 185
9-1866. (I 989)~ A protec ted amino aci d, e.g., as illustrated by compound
number 5 in Figure 24 j s  15 op ti onal I y p rep ared b y firs I
alkylation of the amino moi ety with 9-bromo-9  phenylfi uorem (PhfIBr)
(see, e. g., C hii stie, B.D. & Rapoport, H, S ynthesi s of Opti c all y
Pure Pi pecol ates from L- A sparagi ne - Application to the Total S ynthesi
s of (+)- Apovincarnine through Amino Acid Decarbonylation and Lminium Ton
Cyclization. J.  Org~ ChenL 1989,1859-1866 (1985)) and thcn werification of
the acid moiety using 0 20 tert-butyl-N, N'-diisopmpylisou.Tm Addition of
KN(Si(CH:;)3)2 regioselectively  ---'deprotonates at the u-position of the
methyl ester to form the enolate, which is then optionally alkylated with a
range of alkyl iodides, Hydrol ysis of the t-butyl ester and Phf1  gro up
gave the desired -y-methyl glutamine an al og (Compoun d number 2 in Figure
24).  [1581 An N-0 cyc 1i c analog, as iIlustrated by Compound numbr 3 i n
Figure 25, i s 25 option all y prepared iin 4 steps from Boc-A sp-Ot-B a as
previous] y described. See, e.g.,  Barton, D.H.R., Herve, Y., Potier, P. &
Thi rry, J. S yn thesis of Nove-1 a-Amino-Acids. and  



Derivatives Using Radical Chemistry: Synthesis of 1.- and D-a-Arni no-Adi
pic Aci ds, L-a- aminopimelic Acid and Appropriate Unsaturated Derivatives.
Tetrahedron Lett. 43, 4297- 4308 (1987) and, Subasinghe, N., Schulte, M.,
Reon, R.I., Koemer, J.F. & Johnson, RJ-.  30 Quisqualic acid analogues:
synthesis of beta-heterocyclic 2-aminopropanoic acid derivatives and their
activity at a novel quisqualate-sensitized site. J. Med. Chem. 3 5  4602-7
(1992). Generation of the anion of the N-t-Boc-pyrrolidinone, pyrrolidinone,
or 41 WO 02/085923 PCT/US02/12465 oxazolidone followed by the addition of
the compound 7, as shown in Figure 25, results in  a Michael addition
product. Deprotection with TFA then results in the free amino acids.  (159]
In addition to the above unnatural amino acids, a library of tyrosine
analogs has  also been designed. Based upon the crystal structure of B.
stearothermophilus Tyr RS, 5 whose active site is highly homologous to that
of the M. jannashii synthetase, residues  within a 14A shell of the aromatic
side chain of tyrosine were mutated (Y32, 334, LA 5,  Q155, D158, A 167, Y32
and D158). The library of tyrosine analogs, as shown in Figure  26, has been
designed to complement an array of substitutions to these active site amino
acids. These include a variety of phenyl substitution patterns, which offer
different 10 hydrophobic and hydrogen-bonding properties. Tyrosine analogs
are optionally prepared  using the general strategy illustrated by Figure
27. For example, an enolate of diethyl  acetamidomalonate is optionally
generated using sodium ethoxide. A desired tyrosine  analog can then be
prepared by adding an appropriate benzy] bromide followed by  hydrolysis. 15
Cellular uptake often unnatural amino acids 1160] Unnatural amino acid
uptake is one issue that is typically considered when  designing and
selecting unnatural amino acids, e.g., for incorporation into a protein. For
example, the high charge density of a-amino acids suggests that these
compounds are  unlikely to be cell permeable. Natural amino acids are taken
up into bacteri a via a 20 collection of protein-based transport systems
displaying varying degrees of amino acid  specificity. The present invention
therefore provides a rapid screen for assessing which  unnatural amino
acids, if any, are taken up by cells. [161] For example, a variety of
unnatural amino acids are optionally screened. in minimal  media for
toxicity to cells. Toxicities are typically sorted into five groups: (1) no
toxicity,  25 in which no significant grange in doubling times occurs; (2)
low toxicity, in which doubling times increase by less than about 10%; (3)
moderate toxicity, in which doubling  times increase by about 10% to about
50%; (4) high toxicity, in which doubling times  increase by about 50% to
about 100%; and (5) extreme toxicity, in which doubling times  increase by
more than. about 100%. See, e.g., Liu, D.R. Schultz, P.G. Progress toward 30
the evolution of an organism with an expanded genetic code, Proceedings of
the Notional  Academy of Sciences of the United States cf America 96,
4780-4785 (1999). The toxicity  of the amino acids scoring as highly or
extremely toxic is typically measured as a function  of their concentration
to obtain 1050 values. In general, amino acids which are very close 42 19
OCT 2005 WO 021085923 



PCT/US02/12465 analogs of natural amino acids or which display reactive
functionality demonstrate the  highest toxicities, The former trend suggests
that mechanisms of toxicity for these  unnatural amino acids can be
incorporation into proteins or inhibition of essential enzymes  that process
natural amino acids. 5 [162] To identify possible uptake pathways for toxic
amino acids, toxicity assays are  optionally repeated at 1050 levels, e,g.,
in media supplemented with an excess of a  structurally similar natural
amino acid. For toxic amino acids, the presence of excess  natural amino
acid typically rescues the ability of the cells to grow in the presence of
the  toxin, presumably because the natural amino acid effectively
outcompetes the toxin for 10 either cellular uptake or for binding to
essential enzymes. In these cases, the toxic amino acid is optionally
assigned a possible uptake pathway and labeled a "lethal allele" whose
complementati on is required for cell survival. These lethal alleles are
extremely useful for  assaying the ability of cells to uptake nontoxic
unnatural amino acids. Complementation  of the toxic allele, evidenced by
the restoration of cell growth, suggests that the nontoxic 15 amino acid is
taken up by the cell, possibly by the same uptake pathway as that assigned
to  the lethal allele. A lack of complementation is inconclusive. For
example studies and  conclusions see the examples provided below. [163]
Results obtained, e.g.. as described in the examples below, demonstrate that
complementation of lethal unnatural amino acid alleles is an efficient
method for 20 ' qualitatively assessing amino acid uptake. The method
typically requires far less effort than radiolabeling large numbers of
compounds and is therefore a more advantageous method for analyzing
unnatural; amino acids of interest. This general strategy is  optionally
used to rapidly evaluate the cellular uptake of a wide range of molecules
such  as nucleic acid base analogs, carbohydrate analogs, or peptide
analogs. For example, this 25 strategy is optionally used to evaluate the
cellular uptake of the unnatural amino aids  presented herein. [164] The
present invention also provides a general method for delivering unnatural
amino acids, which is independent of all amino acid uptake pathways. This
general  method relies on uptake via peptide permeases, which transport
dipeptides and tripeptides 30 across the cytoplasmic membrane. Peptide
permeases are not very side chain specific, and  the KD values for their
substrates are comparable to I values of amino acid permeases,  e.g., about
0.1 mM to about 10 mM). See, e.g., Nickitenko, A., Trakhanov, S. & Quiocha,
S. A structure of DppA, a periplasmic depeptide transport/chemosensory
receptor. Biochemistry 34, 16585-16595 (1995) and Dunten, P., Mowbray, S.L.
Crystal structure of 43 ~  1 9 OCT 2005 WO 02/085923 PCT/US02/12465 the
dipeptide binding protein from Escherichia coli involved in active transport
and  chemotaxis. Protein Science 4, 2327.34,(1995). The unnatural amino
acids are then  uptaken as conjugates of natural amino acids, such as
lysine, and released into the  cytoplasm upon hydrolysis of the dipeptide by
one of endogenous E. colt peptidases. To 5 test this approach, we
synthesized several Unn-Lys and Lys-Unn dipeptides by solid phase  



synthesis, and tested the growth of an E. call strain deficient in lysine
biosynthesis on  lysine minimal media in the presence and absence of these
dipeptides. The only source of  lysine available to these cells is the
dipeptide containing the unnatural amino acid, Uptake  of phosphonoserine,
phosphonot rosine, pentafiuorophenylalanine, and caged serine have 10 been
analyzed in this manner. In all four cases, growth was observed on 10 mM and
higher dipeptide concentrations. Although uptake is easily analyzed with the
method  provided herein, an alternative to designing unnatural amino acid
that are amenable to  cellular uptake pathways, is to provide biosynthetic
pathways to create amino acids in  viva. 15 Biosynthesis of Unnatural Amino
Acids [165] Many biosynthetic pathways already exist in cells for the
production of amino  acids and other compounds. While a biosynthetic method
for a particular unnatural amino  acid may not exist in nature, e.g., in E.
coli, the present invention provide ssuch methods.  For example,
biosynthetic pathways for unnatural amino acids are optionally generated in
20 E. coil by adding new enzymes or modifying existing E. call pathways.
Additional new  enzymes are optionally naturally occurring enzymes or
artificially evolved enzymes. For example, the biosynthesis of
p-arninophenylalanine (as presented in an example below)  relies on the
addition of a combination of known enzymes from other organisms. The  genes
for these enzymes can be introduced into a cell, e.g., an E. soli cell, by
transforming 25 the cell with a plasmid comprising the 'genes. The genes,
when expressed in the cell,  provide an enzymatic pathway to synthesize the
desired compound. Examples of the types  of enzymes that are optionally
added are provided in the examples below. Additional  enzymes sequences are
found, e.g., in Genbank. Artificially evolved enzymes are also  optionally
added into a cell in the same manner. In this manner, the cellular machinery
and 30 resources of a cell are manipulated to produce unnatural amino acids,
[166) A variety of methods are available for producing novel enzymes for use
in  biosynthetic pathways or for evolution of existing pathways. For
example, recursive  recombination, e.g., as developed by Maxygen, Inc. (on
the world wide web at     WO 02/085923 PCT/US02/12465 maxygen.com), is
optionally used to develop novel enzymes and pathways. See, e.g.,  Stemmer
1994, "Rapid evolution of a protein in vitro by DNA shuffling," Nature Vol.
370 Na. 4: Pg. 389-391; and Stemmer, 1994, "DNA shuffling by random
fragmentation  and reassembly; In vitro recombination for molecular
evolution," Proc. Nall, Acad, Sci, 5 USA. Vol. 91: Pg. 10747-1075 1.
Similarly DesignPathTM, developed by Oenencor (on the  world wide web at
genencor.com) is optionally used for metabolic pathway engineering,  e.g.,
to engineer a pathway to create O-methyl-L-trosine in E co/i. This
technology  reconstructs existing pathways in host organisms using a
combination of new genes, e. g.,  identified through functional genomics,
and molecular evolution and design. D! versa 10 Corporation (on the world
wide web at diversa.com) also provides technology for rapidly  screening
libraries of genes and gene pathways, e.g., to create new pathways. [167}
Typically, the biosynthesis methods of the present invention, e.g., the
pathway to  



create p-aminophenylalanine (pAF) from chor smate, do not affect the
concentration of  other amino acids produced in the cell. For example a
pathway used to produce pAF from 15 chorismate produces pAF in the cell
while the concentrations of other aromatic amino  acids typically produced
from chorismate are not substantially affected. Typically the  unnatural
amino acid produced with an engineered biosynthetic pathway of the present
invention is produced in a concentration sufficient for efficient protein
biosynthesis, e. g., a  natural cellular amount, but not to such a degree as
to affect the concentration of the other 20 :amino acids or exhaust cellular
resources. Typical concentrations produced in vivo in this  manner are about
10 mM to about 0.05 -LM. Once a bacterium is transformed with a  plasmid
comprising the genes used to produce enzymes desired for a specific pathway
and  a twenty-first amino acid, e.g., pAF, dope, O-methyl-L-tyrosine, or the
like, is generated,  in vivo selections are optionally used to further
optimize the production of the un natural 25 amino acid for both ribosomal
protein synthesis and cell growth. Compositions that include protelns with
unnatural amino acids [168] The invention provides compositions of matter,
including proteins with at least one  unnatural amino acid. The invention
also provides compositions of matter that include  proteins with at least
one unnatural amino acid produced using the compositions and 30 methods of
the invention. In one embodiment, the proteins are processed and modified in
a cell dependent manner, e.g., phosphorylated, glycosylated, folded,
membrane bound, etc. 45 WO 021085923 1 9 OCT 2005  PCT/US02/12465 [169] In
one aspect, the composition optionally includes at least about 10
micrograms,  e.g., at least about 50 micrograms, at least about 100
micrograms, at least about 500  micrograms, at least about 1 milligram, or
even at least about 10 milligrams or more of the  protein, e.g,, an amount
that can be achieved with in vivo protein production methods 5 (details on
recombinant protein production and purification are provided herein). For
example, the protein is optionally present in the composition at a
concentration of at least  about 10 micrograms per liter, at least about 50
micrograms per liter, at least about 100  micrograms per liter, at least
about 500 micrograms per liter, at least about I milligram per  liter, or at
least about 10 milligrams per liter of the protein, or more micrograms or
protein 10 per liter, e.g., in a cell lysate, pharmaceutical buffer, or
other liquid suspension (e.g.. in a  volume of, e.g., anywhere from about
Inl to about t00L). The production of large  quantities (e.g., greater that
that typically possible with other methods, e.g., in vitro  translation) of
a protein including at least one unnatural amino acid is a feature of the
invention and is an advantage over the prior art. 15 [170] The production of
large quantities (e.g., Beater that that typically possible with  other
methods, e.g., in vitro translation) of a protein including at least one
unnatural amino  acid is a feature of the invention and is an advantage over
the prior art. For example, the  ability to synthesize large quantities of
proteins containing, e.g., heavy atoms, facilitates  protein structure
determination via, e.g., X-ray cystallography. 20 [171] The incorporation of
an unnatural amino acid can be done to, e.g.. tailor changes in  protein
structure and/or function, e.g., to change size, acidity, nucleophilicity,
hydrogen bonding, hydrophobicity, accessibility of protease target sites,
etc. Proteins that include an  



unnatural amino acid can have enhanced or even entirely new catalytic or
physical  properties. For example, the following properties are optionally
modified by inclusion of 25 an unnatural amino acid into a protein:
toxicity, biodistribution, structural properties,  spectroscopic properties,
chemical and/or photochemical properties, catalytic ability, half- life
(e.g., serum half-life), ability to react with other molecules, e.g..
covalently or  noncovalently, and the like. The compositions including
proteins that include at least one  unnatural amino acid are useful for,
e.g., novel therapeutics, diagnostics, catalytic 30 enzymes, binding
proteins (e.g., antibodies), and e.g., the study of protein structure and
function. [1721 In one aspect of the invention, a composition includes at
least one protein with at  least one, e.g., at least two, at least three, at
least four, at least five, at least six, at least  seven, at least eight, at
least nine, at least tea, or more unnatural amino acids. For a given 46 1 9
OCT 2005 5 10 WO 42!085923 PCT/US02/12465 protein with more than one
unnatural amino acids, the unnatural amino acids can be  identical or
different (e.g., the protein can include two or more different types of
unnatural  amino acids, or can include two or more different sites having
unnatural amino acids, or  both). (173] Essentially any protein that
includes 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. No attempt is made to identify
the hundreds of thousands of known proteins, any of which can l modified to
include one  or more unnatural amino acid, e.g., by tailoring any available
mutation methods to include one or more appropriate selector codon in a
relevant translation system. Common  sequence repositories for known
proteins include GenBank EMBL, DDBJ and the NCB1.  Other repositories can
easily be identified by searching the internet. 1174] One preferred class of
proteins that can be made using the compositions and  methods for in vivo
incorporation of unnatural amino acids described herein includes 15
therapeutic proteins. Examples of therapeutic and other proteins that can be
modified to  comprise one or more unnatural include, e.g., Alpha-1
antitrpsin, Angiostatin,  Antihemolytic factor, antibodies (further details
on antibodies are found below),  Apolipoprotein, lipoprotein, Atrial
natriuretic factor, Atria] natriuretic polypeptide, Atrial  peptides, C- -C
chemokines (e.g., T39765, NAP-2, ENA-78, Ciro-a, Ciro-b, Gro-c, I P-10, 20 =
CP- , NAP-4, SDF-1, PF4, MIG), Calcitorun, CC chemokines (e.g., Monocyte  :
chemoattractant protein-1, Monocyte chemoattractant protein-2, Manocyte
chemoanractant protein-3, Monocyte inflammatory protein-1 alpha, Monocyte
inflammatory protein-1 beta, RANTE8,1309, R83915, R91733,11CC1,
T58847,1)31065,  T64262). CD40 ligand, C-kit Ligand, Collagen, colony
stimulating factor (CSF), 25 Complement factor 5a, Complement inhibitor,
Complement receptor 1, cytokines, (e.g.,  epithelial Neutrophil Activating
Peptide-78, G1 OrrIM A, Gf Obi, GRO y, MIP-hr, ME?- 16, M-1), Epidermal
Growth Factor (F,GF), Erythropoietin ("EPO", representing a  preferred
target for modification by the incorporation of one or more unnatural amino



acid), Exfoliating toxins A and B, Factor 1, Factor VII, Factor VIII, Factor
X, Fibroblast 30 Growth Factor (FOP), Fibrinogen, Fibronectin, G-CSF,
GM-CSF, Olucocerebrosidase,  Gonadotropin, growth factors, Hedgehog proteins
e.g., Sonic, Indian, Desert),  Hemoglobin, Hepatocyte Growth Factor (HfiF),
Hirudin, Human serum albumin, Insulin,  Insulin-like Growth Factor (IGF),
interferons (e.g., IFN-Cx, IFN-4, IFN-'y), interleulcdns 47 WO 02/085923 1 9
OCT 105  PCT/US02/12465 (e.g. ,IL-1,1L-2, IL-3, n,4, IL-5, M-6, II.-7, IL-8,
IL-9, IL,10, IL, 11, H, 12, etc.), I eratinocyte Crmwth Factor KGF),
Lactofenin, leukemia inhibitory factor, Luciferase,  Neurturin, Neutrophil
inhibitory factor }, oncostatin M, Osteogenic protein,  Parathyroid hormone,
PD-ECSF, PDGF, peptide hormones (e.g,, Human Growth 5 Hormone), Pleiotropin,
Protein A, Protein 0, Pyrogenic exotoxins A, B, and C, Relaxin,  Benin, S
CF, Soluble complement receptor 1, Soluble I-GAM 1, Soluble interleukin
receptors %, 1, 2, 3, 4, 5, C, 7, 9, 10, 11, 12, 13, 14, 15), Soluble TNF
receptor,  Somatomedin, Somatostatin, Somatotropin, Streptoldnase,
Superantigens, i.e.,  Staphylococcal enterotoxins (SEA, SEB, SE 1, SEC2,
SEC3, SE D, SEE). Superoxide 10 dismulase, Toxic shock syndrome toxin (TS
ST- Thymosiri alpha 1, Tissue plasr, inogen  activator, 'I mor necrosis
factor beta (TNF beta), Tumor necrosis factor receptor (TNFR),  Tumor
necrosis factor-alpha (TNF alpha), Vascular Endothelial Growth Factor
(VEGEF),  Urokinase and many others. (1751 Many of these proteins are
commercially available (See, e.g., the Sigma 15 BioSciences 2002 catalogue
and price list), and the corresponding protein sequences and  genes and,
typically, many variants thereof, are well-known (see, e.g., Genebank). Any
of  them can be modified by the insertion of one or more unnatural amino
acid according to  the present invention, e.g., to alter the protein with
respect to one or more therapeutic  property of interest. Examples of
therapeutically relevant properties include serum half 20 life, shelf
half-life, stability, immunogenicity, therapeutic activity, detectability
(e.g., by  `,. the inclusion of reporter groups (e.g., labels or label
binding sites) in the unnatural amino  acids), reduction of LD-50 or other
side effects, ability to enter the body through the  gastric tract (e.g.,
oral availability), or the like. [176] One class of proteins that can be
made using the compositions and methods for in  25 vivo incorporation of
unnatural amino acids described herein includes transcriptional and
expression activators. Example transcriptional and expression activators
include genes  and proteins that modulate celI growth, differentiation,
regulation, or the like. Expression  and transcriptional activators are
found in prokaryotes, viruses, and eukaryotes, including  fungi, plants, and
animals, including mammals, providing a wide range of therapeutic 30
targets. It will be appreciated that expression and transcriptional
activators regulate  transcription by many mechanisms, e.g,, by binding to
receptors, stimulating a signal  transduction cascade, regulating expression
of transcription factors, binding to promoters  and enhancers, binding to
proteins that bind to promoters and enhancers, unwinding DNA,  splicing
pre-rRNA, polyadenylating RNA, and degrading RNA. 48 1 9 OCT 200S 



WO 02/085923 PCT/US02/12465 [177] One preferred class of proteins of the
invention (e.g., proteins with one or more  unnatural amino acids) include
expression activators such as cytokines, inflammatory  molecules, growth
factors, their receptors, and oncogene products, e.g., interleukins (e.g.,
II.-1, IL-2, ILA, etc.), interferons, FOP, I F-I, I F-II, FGF, PDGF, TNF, T
CF-u, T GF-{i, 5 EGF, KOF, S Flc-Kit, CD4O1JCD40, VLA-4f AM-1, I AM-!ILEA-1,
and  hyalurinICD44; signal transduction molecules and corresponding oncogene
products, e.g.,  Mos, Ras, leaf, and Met; and transcriptional activators and
suppressors, e.g., p5, 3Tat, Fos,  Myc, Jun, Myb, Rel, and steroid hormone
receptors such as those for estrogen, progesterone, testosterone, alsterone,
the LDL receptor ligand and corticosterone. 10 1178] A variety of other
proteins can also be modified to include one or more unnatural  amino acid
of the invention. For example, the invention can include substituting one or
more natural amino acid] in one or more vaccine proteins with an unnatural
amino acid,  e.g., in proteins from infectious fungi, e.g., Aspergiltus,
Candida species; bacteri a, particularly E, call, which serves a model for
pathogenic bacteria, as well as medically  15 imporCurtt bacteria such as
Staphylococci (e.g., aureus), or Streptococci (e. g.,  pneumoniae); protozoa
such as sporozoa (e.g., Plasmodia), rhizopods (e.g., Entanoeba)  and
flagellates (Trypanosoma, Leishmania, Trichomonas, Giardia, etc.); viruses
such as (  + ) RNA viruses (examples include Pox viruses e. g., vaccinia;
Picornaviruses, e.g. polio;  Togaviruses, e.g., rubella; Flaviviruses, e.g.,
HCV; and Coronaviruses), ( - ) RNA viruses 20 (e.g., I habdoviruses, e.g.,
VSV; Paramyxovimses, e.g.. RSV; Orthornyx o vimses, a  influenza;
Bunyaviruses; and Arenaviruses), dsDNA viruses (Reoviruses, for example),
RNA to DNA viruses, i.e., Retroviruses, e.g., HIV and HTLV, and certain DNA
to RNA  viruses such as Hepatitis B. (179] A variety of enzymes (e.g.,
industrial enzymes) can also be modified to include  25 one or more
unnatural amino acid according to the methods herein, such as amidases,
amino acid racemases, acylases, dehalogenases, dioxygenases, di aryl propane
peroxidases,  epimerases, epoxide hydrolases, esterases, isomerases,
kinases, glucose isomerases,  glycosidases, glycosyl transferases,
haloperoxidases, monooxygenases (e.g., p450s),  lipases, lignin peroxidases,
nitrile hydratases, nitrilases, proteases, phosphatases, 30 subti I is in s,
transaminase, and nucleases. [180] Agriculturally related proteins such as
insect resistance proteins (e.g., the Cry  proteins), starch and lipid
production enzymes, plant and insect toxins, toxin-resistance  proteins,
Mycotoxin detoxifi cation proteins, plant growth enzymes (e.g.. Ribulose 1,5
49 19 OCT 2005 WO 021085923 PCTfUS02f 12465 Disphosphate
Carboxylase/Oxygenase, "RUBISCO"), lipoxygenase (LOX), and  Phosphoenol
pyruvate (PEP) carboxyl ase are also suitable. targets for un natural arnino
aci d  modification. [18 1] Genes coding for proteins including at least one
unn atural amine acid can be  5 mutageni zed using methods well-known to one
of skill in the art and described herein  under "Genaral Molecular Biology
Techniques." For example, a nucleic acid for a protein 



of interest is mutagenized to include one or more selector codon, providing
for insertion of  the one or more unatural amino acids. The pmsent invention
includes any such variant  e.g., mutant, versions of any protein, e.g.,
including at least one unnatural amino acid. tO [182] SimiIarl y, the
present invention also includes corresporiding in uclcic aci ds, i. e., any
nucleic acid with one or more selector codon that encodes oin a or more
unnatural ami no  acid. 1 [183] In one example embodiment, the invention
provides compositions that include a  Asp I 12TAG niuLant of chloramphenicol
acety1ransferase (CAT) produced by the 15 compositions and methods of the
invention, wbere the CAT protein includes at least one  unnatural arnino
acid, e.g, an 0-mahy]-L-tyrosine, an L-3-(2-naphthyl).alanine, an araino- ,
isopropyl-, or allyl-con taining tyrosi ne analogue, etc., an d the protei n
is present in the  composi ti on at a concen tration of at least about 100
micrograms per li ter. In anotheir  embodi ment, the i nvend on provides
compositions that i nel ude a Tyr I 63TAG mutant of 20 mouse di h ydrofolate
reductase (DBFR) where the D13TR protei n i ncludes at least one  unnatural
amino, e.g., an 0-inethyl-L-tyrosine, an L,3-(2--napbthyl)alanine, an
amino-,  isopropy] -, or a] I yl -contai nin g tyrosine an alogue, etc., and
the protein i s pr=nt in the  composition at a concentration of at least
about 100 micrograms per 1i ter. Making antibodies to proteins comprising E
unnatural amino acids 25 [1941 In one aspect, the present invention provides
antibodies to unnatural amino acids  and to proteins comprisiiig unnatural
amino acids. Antibodies to unnatural amino acids  and proteins comprising
such unnatural amino acids are useful as purification reaggrits,  e.g., for
purifying the proteins and unnatural amino acids of the invention. In
addition, the  antibodies c an be used as indicator reagents to indicate the
presence of an unnatural amino 30 acid or protein comprising an unnatural
amino acid, e.g., to track the presence or location  (e.g., in A vo or i n
situ) of the unnatural amino acid or protein comprising an unnatural arn~ no
aci d. It is a] so, of course, the case that the unnatural amino acid can
itseIf comprise 50 1 ~ l C ; 200 WO 021085923 PCT/US02/12465 one or more
unnatural amino acids, thereby providing an antibody with one or more
property conferred by the one or more unnatural amino acids. 1185] An
antibody of the invention can be a protein comprising one or more
polypeptides  substantially or partially encoded by immunoglobulin genes or
fragments of 5 immunoglobulin genes. The recognized immunoglobu[in genes
include the kappa,  lambda, alpha, gamma, delta, epsilon and mu constant
region genes, as well as myriad  immunoglebulin variable region genes, Light
chains are classified as either kappa or  lambda. Heavy chains are
classified as gamma, mu, alpha, delta, or epsilon, which in turn  define the
immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, respectively. A typical
10 immunoglobulin (e.g., antibody) structural unit comprises a tetramer.
Each tetramer is  composed of two identical pairs of polypeptide chains,
cach pair having one "light" (about  5 kD) and one "heavy",chain (about
50-701 ). The N-terminus of each chain defines a variable region of about
100 to 110 or more amino acids primari ly responsible for antigen
recognition. The terms variable light drain (VL) and variable heavy chain
(,i) refer to  15 these light and heavy chains, respectively. 



1186] Antibodies exist as intact immunoglobulins or as a number of well
characterized  fragments produced by digestion with various peptidases.
Thus, for example, pepsin  digests an antibody below the disulfide linkages
in the hinge region to produce F(ab' 2, a  dieter of Fab which itself is a
light chain joined to Vu- HI by a disulfide bond. The 20 F(ab')2 may be
reduced under mild conditions to break the disulfide linkage in the hinge
`.. region thereby converting the P(ab')2dimer into an Fab' monomer. The
Fab' monomer is  essentially an Fab with part of the hinge region (see,
fundamental Immunola ,y, W.E.  Paul, ell., Raven Press, N.Y. (1999), for a
more detailed description of other antibody  fragments). While various
antibody fragments are defined in terms of the digestion of an 25 intact
antibody, one of skill will appreciate that such Fab' fragments, etc. may be
synthesized de nova either chemically or by utilizing recombinant DNA
methodology.  Thus, the term antibody, as used herein, also optionally
includes antibody fragments either  produced by the modification of whole
antibodies or synthesized de novo using  recombinant DNA methodologies.
Antibodies include single chain antibodies, including 30 single chain Fv
(sFv or scFv) antibodies in which a vari able heavy and a variable light
chain are joined together (directly or through a peptide linker) to form a
continuous  polypeptide. Antibodies of the invention can be, e.g.,
polyclonal, monoclonal, chimeric,  humanized, single chain, Fab fragments,
fragments produced by an Fab expression library,  or the like. 51 1 9 OCT
2005 WO 02(085923 PCT/US02/12465 [187] In general, antibodies of the
invention are valuable, both as general reagents and as  therapeutic
reagents in a variety of molecular biological or pharmaceutical processes.
Methods of producing polyclonal and monoclonal antibodies are available, and
can be  applied to making the antibodies of the present invention. A number
of basic texts 5 describe standard antibody production processes, including,
e.g., Borrebaeck (ed) (1995)  Antibody Engineering 2d Edition Freeman and
Company, NY (Borrebaeck); McCafferty  et a], (1996) Antibody Engineering,A
Practical Approach IRL at Oxford Press, Oxford,  England (McCafferty), and
Paul (1995) AntibodyEngineeringProtocols Humana Press,  Towata, NJ (Paul);
Paul (ed.), (1999) Fundamental lrnmunology, Fifth edition Raven 10 Press,
N.Y.; Coltgan (1991) Current Protocols in Immunology Wiley/Greene, NY;
Harlow  and Lane (1989) Antibodies: A Laboratory Manual Cold Spring Harbor
Press, NY; Stiles  et a!. (eds.) Basic and Clinical Immunology (4th ed.)
Lange Medical Publications, Los  Altos, CA, and references cited therein;
Goding (1986) Monoclonal Antibodies: principles  and Practice (2d ed.)
Academic Press, New York, NY; and Kohler and Milstein (1975) 15 Nature 256:
495-497. [188] A variety of recombinant techniques for antibody preparation
which do not rely on,  e.g., injection of an antigen into an animal have
been developed and can be used in the  context of the present invention. For
example, it is possible to generate and select libraries  of recombinant
antibodies in phage or similar vectors. See, e.g., Winter et al. (1994) 20
:`'Making Antibodies by Ph age Display Technology" Annu. Rev. 1mmunol.
12:433-55 and  the references cited therein for a review. See also,
Griffiths and Duncan (1998)  "Strategies for selection of antibodies by
phage display" Curr Opi_rt Biotechnol 9. 102-8;  



Hoogenboom et al, (1998) "Antibody phage display technology and its
applications"  Irnmunotechnology 4: 1-20; Gram et at (1992) "in vitro
selection and affinity maturation 25 of antibodies from a naive
combinatorial immunoglobulin library" FN&S 89:3576-3580;  Huse et al. (1989)
Science 246: 1275-1281; and Ward, et al. (1989) Nature 341: 544-546.  [189]
In one embodiment, antibody libraries can include repertoires of V genes
(e.g.,  harvested from populations of lymphocytes or assembled in vitro)
which are cloned for  display of associated heavy and light chain variable
domains on the surface of filamentous 30 bacteri ophage. Phage are selected
by binding to an antigen. Soluble antibodies are  expressed from ph age
infected bacteria and the antibody can be improved, e.g., via  mutagenesis,
See e.g., Balint and Larrick (1993) "Antibody Engineering by Parsimonious
Mutagenesis" gene 137:109-118; Stemmer et al. (1993) "Selection of an Active
Single  Chain Fv Antibody From a Protein Linker Library Prepared by
Enzymatic Inverse PCR" 5 1 OCT 2005 WO 07ABS97-3 PCT/US02/12465
Biotechniques 14(2):256-65; Crameri et al. (1996) "Construction and
evolution of  antibody-ph age libraries by DNA shuffling" Nature Medicine
2:100-103; and Crameri and  Stemmcr (1995) "Combinatorial multiple cassette
mutagenesis creates all the permutations  of mutant and wildtype cassettes"
BioTechniques 18:194-195. 5 (190] Kits for cloning and expression of
recombinant antibody ph age systems are also  known and avail able, e.g.,
the "recombinant phage antibody system, mouse ScFv module,"  from
Amersham-Pharmacia Biotechnology (Uppsala, Sweden), B acterioph age.
antibody  libraries have also been produced for making high affinity human
antibodies by chain  shuffling (See, e.g., Marks et al. (1992) "By- Passing
Immunization: Building khgh 10 Affinity Human Antibodies by Chain Shuffling"
Biotechnigues 10:779-782. Indeed,  antibodies can typically be custom
ordered from any of a variety of sources, such as  PeptidoGenic (pkim
@ccnet,com), HTI Bic-products, inc. (www.htibio.com), EMA  Biomedtcals Ltd
(U.K.), a.S ynthesis, Inc.,. Research Genetics (Huntsville, Alabama) and
many others. 15 [191] In certain embodiments, it is useful to "humanize"
antibodies of the invention, e.g.,  where the antibodies are to be
administered therapeutically. The use of humanized  antibodies tends to
reduce the incidence of unwanted immune responses against the  therapeutic
antibodies (e, g,, when the patient is a human). The antibody references
above describe humanization strategies. In addition to humanized antibodies,
human antibodies  20 are also a feature of the invention, Human antibodies
consist of characteristically human  immunoglobulin sequences: Human
antibodies can be produced in using a wide variety of methods (see, e.g.,
Larrick et al.. U.S. , Pat. No. 5,001,0 5, for a review). A general
approach for producing human antibodies by trioma technology is described by
Gstberg et  al. (1983),1fybridomn 2: 361-367, Ostbcrg, U. S. Pat. No.
4,634,664, and Engelman et af.,  25 U.S. Pat. No. 4,634,666. [192] A variety
of methods of using antibodies in the purification and detection of
proteins are known and can be applied to detecting and purifying proteins
comprising  unnatural amino acids as noted herein. In general, antibodies
are useful reagents for  ELIS A, western blotting, imnunochemistry, affinity
chromatograpy methods, SPR, and 



30 many other methods. The references noted above provide details on how to
perform  EL.ISA assays, western blots, surface plasmon resonance (PR) and
the like. [193] In one aspect of the invention, antibodies of the invention
themselves include  unnatural amino acids, providing the antibodies with
properties of interest (e.g., improved  half-life, stability, toxicity, or
the like. Antibodies account for nearly 50 of all 53 1 9 OCT 2005 WO
021085923 PCT/US02/12465 compounds currently in clinical trials (Wittrup,
(1999) "Phage on display" Tibtech 17:  423-424 and antibodies are used
ubiquitously as diagnostic reagents. Accordingly, the  ability to modify
antibodies with unnatural amino acids provides an important tool for
modifying these valuable reagents. 5 [194] For example, there are many
applications of MAbs to the field of diagnostics.  Assays range from simple
spot tests to more involved methods such as the radio-labeled  N'R-LLJ 10
MAb from DuPont Merck Co. used for tumor imaging (Busch et al. (1993)
"NR-LTJ-10 monoclonal antibody scanning. A helpful new adjunct to computed
tomography in evaluating non-small-cell lung cancer." .1 Thorac Cardiovasc
Burg 106: 10 200-4). As noted, MAbs are central reagents EIIS A, western
blotting,  immunochemistry, affinity chromatograpy methods and the like. Any
such diagnostic  antibody can be modified to include one or more unnatural
amino acid, altering, e.g., the  specificity or avidity of the Ab for a
target, or altering one or more detectable property,  e.g., by including a
detectable label (e.g., spectrographic, fluorescent, luminescent, etc.) in
15 the unnatural amino acid. [195J One class of valuable antibody reagents
are therapeutic Abs. For example,  antibodies can be tumor-specific MAbs
that arrest tumor growth by Targeting tumor cells  for destruction by
antibody-dependent cell-mediated cytotoxicity (ADC) or complement- mediated
lysis (CML) (these general types of Abs are sometimes referred to as "magic
20 bullets"). One example is Rituxan, an anti-CD 20 MAb for the treatment of
lion-Hodgkins  lymphoma (Scott (1998) " lituximab: a new therapeutic
monoclonal antibody for non- Hodgkin's lymphoma" Cancer Pract 6: 195-7). A
second example relates to antibodies  which interfere with a critical
component of tumor growth. Hercepti is an anti-HER-2  monoclonal antibody
for treatment of metastatic breast cancer, and provides an example of 25 an
antibody with this mechanism of-`action (Baselga et al. (1998) "Recombinant
humanized -BER2 antibody (Herceptin) enhances the anti tumor activity of
paclitaxel  and doxorubicin against HER2lneu overexpressing human breast
cancer xenografts  [published erratum appears in Cancer Res (1999)
59(8):2020], Cancer Res 58: 2825-31).  A third example relates to antibodies
for delivery of cytotoxic compounds (toxins, 30 radionuclides, etc.)
directly to a tumor or other site of interest. For example, One  application
Mab is CYT-356, a 90Y-linked antibody that targets radiation directly to
prostate tumor cells (Deb et al. (1996) "Treatment of hormone-refractory
prostate cancer with 90Y- YT-356 monoclonal antibody" Clin Cancer Res 2:
1289-97. A fourth  application is antibody-directed enzyme prodrug therapy,
where an enzyme co-localized to 54 1 9 OCT 2005 



WO 02M5923 PCT/US02/12465 a tumor activates a systemically-administered
pro-drug in the tumor vicinity, For example, an anti-Ep-CAMI antibody linked
to carboxypeptidase A is being developed for  treatment of colorectal cancer
(Wolfe ct al, (1999) "Antibody-directed enzyme prodrug  therapy with the
T268G mutant of human carboxypeptidase Al: in vitro and in vivo 5 studies
with prodrugs of methotrexate and the thymidylate synth ase inhibitors OW
1031  and GW1843" injug_ hem 10: 38-48). Other Abs (e.g., antagonists) are
designed to  specifically inhibit normal cellular functions for therapeutic
benefit. An example is  Orthaclone OKT3, an anti-CD3 MAb offered by Johnson
and Johnson for reducing acute  organ transplant rejection (trace et al.
(1990) " rthoclone OKT3 as fast-line therapy in 10 acute renal allo graft
rejection" Transplant Proc 22; 219-20. Another class of antibody  products
are agonists. These Mabs are designed to specifically enhance normal
cellular  functions for therapeutic,benefit. For example, Mab-based agonists
of acetylcholine  receptors for neurotherapy are under development (Xie et
al. (1997) "Direct demonstration  of MuSK involvement in acetylcholine
receptor clustering through identification of 15 agonist ScFv" Nat.
Biotechnol. 15: 768-71. Any of these antibodies can be modified to  include
one or more unnatural amino acid to enhance one or more therapeutic property
(specificity, avidity, serum-half-life, etc.). [196] Another class of
antibody products provide novel functions. The main antibodies  in this
group are catalytic antibodies such as Ig sequences that have been
engineered to  20 .:mimic the catalytic abilities of enzymes (Wentworth and
Janda (1998) "Catalytic antibodies" Curr Oin Chem Biol 1138-44. For example,
an interesting application  involves using the catalytic antibody mAb-l5A10
to hydrolyze cocaine in vivo for  addiction therapy (Mets et al. (1998) "A
catalytic antibody against cocaine prevents  cocaine's reinforcing and toxic
effects in rats" Froc Nat] Acad Sci U S A 95; 10176-81). 25 Catalytic
antibodies cats also be modified to include one or more unnatural amino acid
to  improve one or more property of interest. Purifying recombinant proteins
comprising unnatural amino acids [197] Proteins of the invention, e.g.,
proteins comprising unnatural amino acids,  antibodies to proteins
comprising unnatural amino acids, etc., can be purified, either 30 partially
or substantially to homogeneity, according to standard procedures known to
and  used by those of skill in the art. Accordingly, polypeptides of the
invention can be  recovered and purified by any of a number of methods well
known in the art, including, 55 19 OCT 2005  WO 02108 923 PCT/US02/12465 e.
g., ammonium sulfate or ethanol precipitation, acid or base extraction,
column  chromatography, affinity column chromatography, anion or cation
exchange  chromatography, phosphocellulose chromatography, hydrophobic
interaction  chromatography, hydroxylapatite chromatography, lectin
chromatography, gel 5 electrophoresis and the like. Protein refolding steps
can be used, as desired, in making  correctly folded mature proteins. High
performance liquid chromatography (HP),  affinity chromatography or other
suitable methods can be employed in final purification  steps where high
puri ty is desired. In one embodiment, antibodies made against unnatural
amino acids (or proteins corr._)rrsing {.-!natural amino acids) are used as
purification 



10 reagents, e.g., for affinity-based purification of proteins comprising
one or more unnatural  amino acid(s). Once. purifled, partially or to
homogeneity, as desired, the polypeptides are  optionally used e.g., as
a4say components, therapeutic reagents or as i=unogens for  antibody
production. [198] In addition to other references noted herein, a variety of
purification/protein 15 folding methods are well known in the art,
including, e.g., those set forth in R. Scopes,  Protein Purification,
Springer-erlag,l.Y. (1982); Deutscher, Method in EnyinoiagY_  Vol. 182:
Guide to Protein Purification, Academic Press, Inc. N.Y. (1990); Bandana
(1997) Bioseparation of Proteins, Academic Press, Inc,; Bollag et al, (1996)
Protein  Methods, 2nd Edition Wiley-kiss, NY, Walker (1996) The Protein
Protocols Handbook 20 'Humana Press, NJ, Harris and Aogal (1990)
Protein_Put-ication Applications: A Practical  roach IRL Press at Oxford,
Oxford, England; Harris and Angal Protein Purification  Methods: A Practical
Approach IRL Press at Oxford, Oxford, England; Scopes (1993)  Protein
Purification: Principles and Practice 3rd Edition Springer Verlag, NY;
Janson and  Ryden (1998) Protein Puri fication{ Principles. I-Iigh
Resolution Methods and Applications. 25 Second Edition Wiley-V H, NY; ari'd
Walker (1998) Protein Protocola on CD-ROM  Humana Press, NJ; and the
references cited therein. (1991 As noted, those of skill in the art wi11
recognize that, after synthesis, expression  and/or purification, proteins
can possess a conformation different from the desired  conformations of the
relevant polypeptides. For example, polypeptides produced by 30 prokaryotic
systems often are optimized by exposure to chaotropic agents to achieve
proper folding. During puri fication from, e.g., lysates derived from E.
coil, the expressed  protein is optionally denatured and then renatured.
't'his is accomplished, e.g,, by solubilizing the proteins in a chaotropic
agent such as guanidine Hl. 56 1 9 HT 2M WO OVOKS923 PCWUS0242465 [2001 Ln
general, it is occasionally desirable to denatum and reduce expressed
polypeptides and then to cause the polypeptides to re-fold into the
preferred conformation,  For example, guanidine, urea, DTT, DTE, ancYor a
chaperonin can be added to a  translation product of irterest. Methods of
reducing, denaturing and renaturing proteins 5 am wel I known to those of
ski] I in the aft (see, the references above, and Debi nski, et at  (199 3)
J. B iol. Chem., 268: 1.4065-14070; Kreitman and PaMn (1993) Bioconjug.
Cbem,4: 581-585; and Buchner, et al., (1992) Anal. Biochem.,'205: 263-270).
Debinski,  et al., for example, describt the denaturation and reduction of
inclusion body proteins in  guanidine-DTE. The proteins can be refolded in a
redox buffer contain ing, C.a., oxidized 10 glutathi one and iarginine.
Refolding reagents can be flowed or otherwise moved into  contact with the
one or move polypeptide or other expression product, or vice-versa. Nucleic
acid Jand-mlypeptidesequence. variants [201] As descdbed above and below,
the invention provides for nucleic acid  polynuclectide sequences and
polypeptide. anfino acid sequences, e.g., OARNAs and 0 15 RS s, an d, e.g.,
compodtions and methods comprisin g said sequences. Examples of S aid
sequences, e.g., OARNAs and O-Us are disclosed hmin. However, one of ski J
in the art  will appreci ate th at the invention j s not I in-d ted to these
sequtnces di scl osed hemin, e. g.,  



the Examples. One of &kill will appreciate that the present invention also
provides many  :unrelated sequences with the functions described herein,
e.g., encoding an 0-tRNA or an  20 O-RS. [202] One of skill will also
appreciate that mny variants of the disclosed sequences am  included in the
invention. for example, conservative variations of the disclosed sequelices
that yield a functionally identical sequence are included in the invention.
Variants of the  nucleic acid polyn ucleoti de sequences, wherei n the vari
an ts hybridi zt to at leas t one 25 disclosed sequence, are considered to
be included in the invention. Unique. subsequences  of the seqtiences di
sclosed herej n, as detcrrni ned by, e. g., s=dard sequence campafis on
techniques, are also included in the invention. 30 Congmative v;jjaUQn.% e
[203) Owing to the dege-nerac y of the genetic code, "si lent s abstitation
s" (i. e.,  substitutions in a nucleic acid sequence which do not result in
an alteration in an encoded  polypeptide) are an implied feature of every
nucleic acid sequence which encodes an  wrdno aci d. Si rni I arly, "con
strvati ve an-~no adid substitutions, " in one or a few ami no 57  WO
02/085923 PCT/US02/12465 acids in an amino acid sequence are substituted
with different amino acid with highly  similar properties, are also readily
identified as being highly similar to a disclosed  construct. Such
conservative variations of each disclosed sequence are a feature of the
present invention. 5 [2041 "Conservative variations" of a particular nucleic
acid sequence refers to those  nucleic acids which encode identical or
essentially identical amino acid sequences, or,  where the nucleic acid does
not encode an amino acid sequence, to essentially identical  sequences. One
of skill will recognize that individual substitutions, deletions or
additions  which alter, add or delete a single amino acid or a small
percentage of amino acids 10 (typically less than 5%, more typically less
than 4%, 2% or 1%) in an encoded sequence  are "conservatively modified
variations" where the alterations result in the deletion of an  amino acid,
addition of ap amino acid, or substitution of an amino acid with a
chemically  similar amino acid. Thus, "conservative variations" of a listed
polypeptide sequence of  the present invention include substitutions of a
small percentage, typically less than %, 15 more typically less than 2% or
1%, of the amino acids of the polypeptide sequence, with a  conservatively
selected amino acid of the same conservative substitution group. Finally,
the addition of sequences which do not alter the encoded activity of a
nucleic acid  molecule, such as the addition of a nor-functiona] sequence,
is a conservative variation of  the basic nucleic acid. 20 -1205)
Conservative substitution tables providing functionally similar amino acids
are  well known in the art. The following sets forth example groups which
contain natural amino acids that include "conservative substitutions" for
ore another.  Conservative Substitution Groups IAlanine (A)erine ()
Threonine (T) 2Aspartic acid (I))Glutamie acid (E) 3Asparagine (N)Glutamine
(Q) 



4Arginine (R)Lysine (K) 5Isoleucine (I)Leucine (L) Niethionine (M) Valine
CV) 6Phenylatanine (F)Tyrosine (Y) Tryptophan (W) 25 Nucleic Acid
Hybridization [206) Comparative hybridization can be used to identify
nucleic acids of the invention,  including conservative variations of
nucleic acids of the invention, and this comparative  58  WO 02/085923
PCT/US02/12465 hybridization method is a preferred method of distinguishing
nucleic acids of the invention. In addition, target nucleic acids which
hybridize to the nucleic acids  represented by SEQ ID NO:1-34 under high,
ultra-high and ultra-ultra high stringency  conditions are a feature of the
invention. Examples of such nucleic acids include those 5 with one or a few
silent or conservative nucleic acid substitutions as compared to a given
nucleic acid sequence. 1207) A test nucleic acid is said to specifically
hybridize to a probe nucleic acid when it  hybridizes at least' z as well to
the probe as to the perfectly matched complementary  target, i.e., with a
signal to noise ratio at lest 1 as high as hybridization of the probe to the
10 target under conditions in which the perfectly matched probe binds to the
perfectly  matched complementary target with a signal to noise ratio that is
at least about 5x-10x as  high as that observed fo; hybridization to any of
the unmatched target nucleic acids.  [208] Nucleic acids "hybridize" when
they associate, typically in solution. Nucleic  acids hybridize due to a
variety of well characterized physico-chemical forces, such as 15 hydrogen
bonding, solvent exclusion, base stacking and the. like. An extensive guide
to  the hybridization of nucleic acids is found in Tijssen (1993) Laboratory
Techniques in  Biochemistry and Molecular Bfofcigy--JIybridization with
Nucleic Acid Probes part I  chapter 2, "Overview of principles of
hybridization and the strategy of nucleic acid probe  assays," (Elsevier,
New York), as well as in Ausubel, supra. Haynes and Higgins (1995) 20
--.Gene Probes I IRS. Press at Oxford University Press, Oxford, England,
(Hammes and  Higgins 1) and Hames and Higgins (1995) GeneProbes2 IRL Press
at Oxford University  Press, Oxford, England (Harnes and Higgins 2) provide
details on the synthesis, labeling,  detection and quantification of DNA and
RNA, including oligonucleotides. [209] An example of stri ngent
hybridization conditions for hybridization of 25 complementary nucleic acids
which have more than 100 complementary residues on a  filter in a Southern
or northern blot is 50% formalin with 1 mg of heparin at 42, , with  the
hybridization being carried out overnight. An example of stringent wash
conditions is  a 0.2x SSC wash at 65G for 15 minutes (see, Sambrook, supra
for a description of SSC  buffer). Often the high stringency wash is
preceded by a low stringency wash to remove 30 background probe signal. An
example low stringency wash is 2x SSC at 400for 15  minutes. In general, a
signal to noise ratio of 5x (or higher) than that observed for an  unrelated
probe in the particular hybridization assay indicates detection of a
specific  hybridization. 59 19 OCT 2005 



WO 021085923 PCT/US02/124-65 12101 "Substituent hybridization wash
conditions" in the context of nuclei c acid  hybridization experiments such
as Southern and northern hybridizations are sequence  dependent, and are
different under different environmental parameters. An extensive  guide to
the hybridization of nucleic acids is found in Tijssen (1993), supra. and in
Hames 5 and Higgins, 1 and 2. Stringent hybridization and wash condition s
can easily be  determined empirically for an y test nucleic acid. For ex
ample, in determining highly  stringent hybridization and w ash conditions,
the hybridization an d wash conditions are  gradually increased (e.g., by
increasing temperature, decreasing salt concentration,  increasing detergent
concentration and/or increasing the concentration of organic solvents I G
such as formalin the hybridization or wash), until a selected set of
criteria are met. For  example, the hybridization and wash conditions are
gradually increased untiI a probe binds  to a perfectly matched
complementary target with a signal to noise ratio that is at least R  as
high as that observed for hybridization of the probe to an unmatched target.
[2111 "Very stringent" conditions selected to be equal to the thermal
melting point  15 (T,) for a particular probo. The Tm is the temperature
(under defined ionic strength and  pH) at which 50% of the test sequence
hybridizes to a perfectly matched probe. For the  purposes of the present
invention, generally, "highly stringent" hybridization and wash  conditions
are selected to be about 5" C lower than the T. for the specific sequence at
a  defined ionic strength and pH. 20 '[2121 "URTa high-stringency"
hybridiz.ation and wash conditions m those in which the stringency of
hybridization and wash conditions are increased until the signal to noise
ratio for binding of the probe to the perfectly matched complementary Wget
nuckic acid is at  least IN as high as that observed for hybridization to
any of the unmatched target nucleic  acids. A target nucleic acid which
hybridizes to a probe under such conditions, with a 25 signal to noise ratio
of at Ieast 'A that of the perfectly matched complementary target  nuclei c
acid is said to bind to the probe under ultra-high stringency conditions.
1213) Similarly, even higher levels of stringency can be determined by
gradually  increasing the hybridization and/or w ash conditions of the
relevant hybridization assay.  For example, those in which the stringency of
hybridization and wash conditions are 30 increased until the signal to noise
ratio for binding of ft probe, to the perfectly matched  complementary
target nucleic acid i s at least i Ox, 20X, 5OX, I OOX, or 5 DOX or more as
high as that observed for hybridization to any of the unmatched target
nucleic acids. A  target nucleic acid which hybridizes to a probe under such
conditions, with a signal to 60 I ~ 0 Z~ I '-D M WO 07JOS5923
PCT/US02/1246.9 noise ratio of at least ~i that of the perfectly matched
complementary target nuclei c acid i s said to bind to the Probe. under
ultra-ultra-high stringency conditions. [2141 NucIeic acids which do not
hybridize to each other under stringent conditions are  still substantially
identical if the polypeptides which they encode am substantially 5
identical. This occurs, e.g., when a copy of a nucleic ad d i s crf-zted usi
ng the maxi murn  codon degeneracy permitted by the genetic code. 



Unique subsequences [2151 In one aspect, the invention provides a nucleic
acid which comprises a unique  subsequence in a nucleic acid selected from
the sequences of O-tRNAs and O-RS s 10 disclosed herein. The unique-
subsequence is unique as compared to a nucleic acid  corresponding to an y
known 0-tRNA or O-RS nucleic acid sequence. Alignment can be  performed
using, e.g., BLAST set to default parameters. Any unique subsequenct is
useful, e.g., as a probe to identify the nucleic acids of the invention. [21
Q Similarly, the invention includes a polypeptide w hich comprises a un
lque, 15 subsequence in a polypeptide selected from the sequences of 0 -RSs
di sclosed herein.  Here, the unique subsequence is unique as compared to a
polypi-,ptide corresponding to  any of known polypeptide sequence. [2171 The
invention also provides for target nuclei c acids which hybridizes under
stringent conditions. to a unique coding oligonucteotide which encodes a
unique 20 'Subsequence in a polypeptide selected from the sequences of O-RSs
wherein ft unique  subsequence is unique as compared to a polypeptide
corresponding to any of the control  polypeptides (e.g., parental sequences
from which synthetases of the invention were  derived, e.g., by mutation).
Unique sequences am determined as noted above. sequence COE6adscn, identity,
and homology 25 12181 The terms "identical" or percent "identity, " i n the
context of two or Mort nucl eic  acid or polypeptide sequences, refer tio
two or more sequences or subsequences that are the  same or have a specified
percentage of amino acid residues or nucleotides th at are the  same, when
compound and aligned for maximum correspondence, as measured using one  of
the sequence comparison algorithms described below (or other algorithm s
avaiIable: to  30 persons of skill) or by visual inspection. [2191 The
phrase "substantially identification the context of two nucleic acids or
polypeptides (e.g,, DNAs encoding an O-tRNA or O-RS, or the arnino acid
sequence of an  O-RS) refers to two or more sequences. or subsequences that
have at least about 60%, 61 WO 02/085923 19 OCT 2005  PCT/US02/12465
preferably 80%, most preferably 90-95% nucleotide or amino acid residue
identity, when  compared and aligned for maximum correspondence, as measured
using a sequence  comparison algorithm or by visual inspection. Such
"substantially identical" sequences  are typically considered to be
"homologous," without reference to actual ancestry. 5 Preferably, the
"substantial identity" exists over a region of the sequences that is at
least  about 50 residues in length, more preferably over a region of at
least about 100 residues,  and most preferably the sequences are
substantially identical over at least about 150 residues, or over the full
length of the two sequences to be cc pared. [220] For sequence comparison
and homology determination, typically one sequence  10 acts as a reference
sequence to which test sequences are compared. When using a  sequence
comparison algorithm, test and reference sequences are input into a
computer,  subsequence coordinates, arc designated, if necessary, and
sequence algorithm program  parameters are designated, The sequence
comparison algorithm then calculates the  percent sequence identity for the
test sequence(s) relative to the reference sequence, based  



15 on the designated program parameters. [221] Optimal alignment of
sequences for comparison can be conducted, e.g., by the  local homology
algorithm of Smith & Waterman, Adv. App!. Matk. 2:482 (1981), by the
homology alignment algorithm of Needleman & Wunsch, J. Mot. Biol. 48:443
(1970), by  the search for similarity method of Pearson & Lipman, Proc.
Nat'l. Acad. Sci. USA 20 '85:2444 (1988), by computerized implementations of
these algorithms (GAP, BESTFIT,  FATA, and TFASTA in the Wisconsin Genetics
Software Package, Genetics Computer  Group, 575 Science Dr., Madison, WI),
or by visual inspection (see generally, Ausubel er  at, infra). [222] One
example of an algorithm that is suitable for determining percent sequence 25
identity and sequence similarity is the BLAST algorithm, which is described
in Altschul et  at., J. Mod. Biol. 215:403-410 (1990), Software for
performing BLAST analyses is  publicly available through the National Center
for Biotechnology information  (www.ncbi.nlm.nih.gov/)- This algorithm
involves first identifying high scoring sequence  pairs (HSPs) by
identifying short words of length W in the query sequence, which either 30
match or satisfy some positive-valued threshold score T when aligned with a
word of the  same length in a database sequence, T is referred to as the
neighborhood word score  threshold (Altschul et at, supra). These initial
neighborhood word hits act as seeds for  initiating searches to find longer
HSPs containing them. The word hits are then extended  in both directions
along each sequence for as far as the cumulative alignment score can be 62 1
9 0 C, II ING5 WO 021085923 PCTfU-802112465 increased. Cumul ati ve scores
are calculated usi n g, for nucleofi de sequtncas, the  parameters M (reward
scorc for a pair of matching residues; z1 ways > 0) and N (penalty  score
for mismatching residues; always < 0). For amino acid sequences, a scoring
rnatrix  i s used to calcul ate the cumu lative score. Extension of the word
hits in tacb directi on ate 5 halted whein: the cumulative alignment score
faM off by the quantity X from its irnaximum  achieved valiae; the
cumulative score goes to zero or below, due to the accumulation of  one. or
more negati ve-scoring resi due ali gnments; or the en d of either sequence
is reached,  lie BLAST algofithrn parameWs W, T, and X determine the
sensitivity and speed of the  alignment. 7lie 13LASTN program (for
nucleotide sequences uses as defaults a 10 wordltngth (W) of 11, an
txpectati on (E) of 10, a cutoff of 100, M=S, N=-4, and a  comparison of
both strands. For arnino acid sequenccs, the 13LASTP program usesas  dtfaul
ts a wordlein gth (VV) of 3, an expectati on (E) of 10, and the B LOSUM62
scoring  matrix (see Ranikoff & Hen i koff (1989) Proc. Nad. Acad- Sci. USA
89, 1. 09 15). (2231 In addi ii on to c alculating percent sequence identi
ty, th a 13LAST algorithm also 15 performs a stati stic~d anal ysi s of the
simil arity between two sequences (see, e. g., Karlin &  Altschul, Proc.
Nal'L Acad. Sci. USA 90:.5873-5787 (1993)). One measure of similafity
provided by the BLAST algorithm is the smaIlest sum probability (P(N)),
whiGh provides  an indi c afi on of the probabi lity by whi eb a match
between two nuc leotide or arnino aci d  sequences would occur by chance.
For example, a nucleic acid i s considered si mi I ar to a 20 :reference
sequence if the smalltst sum probabil j ty in a comparis on of the test nuel
ei c aci d to & reference n ucl e i c ac i d- is less than about 0. 1, more
preferabl y I ess than about 0. 0 1,  



and most preferabl y I ess than about 0. 00 1. ~ Defining PglyyeRtides by
Immunoreactimb [2241 Because thr, polypeptides ofthe invention provide a
variety of new polypeptidc  25 sequences (e. g., compri sing unn atural wr~
no acids in th~, case of proteins synthesized in  the trans] ation systems
herei n, or, e, &, i n the case of the novel synthetases h erein, novel
sequences of standard amino acids), the. polypeptides also provide new
structural features  which can be rccognized, e.&, in immunological assays.
The generation of antisera which  spec i fical ly bind the polypepti des of
the inven tion, as well as th e polypeptides which are 30 bound by such anti
sera, are a feature of the invention. [2251 For examp I e, the i nveriti on
incl udes s ynthetase prottin s that speci fi cal ly bi nd to or  that are
specifical I y immunoreactive with an antibody or anti sera generatDd agai n
st an  irnmunogen com prisi ng an amino aci d sequence sel ectL-d fTorn one
or morc of (SEQ ID 63 WO 421085923 PCTf[JS 1`I 1OO5 NO:35-66. To eliminate
cross-reactivity with other homologues, the antibody or anti sera  is
subtracted with available synthetases, such as the wild-type
Methanococcusjannaschii  (M. janrwschii) tyrosyl synthetase (TyrRS). Where
the the wild-type Methan occus  jannaschii (M. jannaschii) tyrosyl
synthetase ryrRS) corresponds to a nucleic acid, a 5 polypeptide encoded by
the nucleic acid is generated and used for antibodylantisera  subtraction
purposes. [2261 In one typical format, the immunoassay uses a polyclona]
antiserum which was  raised against one or more potypeptide comprising one
or more of the sequences  corresponding to one or more of SEQ ID NO:35-66)
or a substantial subsequence thereof 10 (i.e., at Ieast about 30% of the
full length sequence provided). The set of potential  polypeptide immunagens
derived from SEQ ID NO: 35-66) are collectively referred to  below as "the
immunogenic polypeptides." The resulting anti sera is optionally selected to
have low cross-reactivity against the control synthetase homologues and any
such cross- reactivity is removed, e.g.! by immunoabsorbtion, with one or
more of the control 15 synthetase homologues, prior to use of the polyclonal
antiserum in the immunoassay.  (2271 In order to produce antisera for use in
an immunoassay, one or more of the  immunogenic polypeptides is produced and
purified as described herein. For example,  recombinant protein can be
produced in a recombinant cell. An inbred strain of mice  (used in this
assay because results are more reproducible due to the virtual genetic
identity 20 =of the mice) is immunized with the immunogenic protein(s) in
combination with a  standard adjuvant, such as Freundts adjuvant, and a
standard mouse immunization protocol  (see, e.g., Harlow and Lane (1988)
Antibodies, A Laboratory Manual, Cold Spring Harbor  Publications, New York,
for a standard description of antibody generation, immunoassay  formats and
conditions that can be used to determine specific immunoreactivity. 25
Additional references and discussion of antibodies is also found herein and
can be applied  here to defining pal ypepti des by immunoreactivity).
Alternatively, one or more synthetic  or recombinant polypeptide deri ved
from the sequences disclosed herein is conjugated to a  carrier protein and
used as an inrununogen. [2281 Polyclona] sera are collected and titered
against the immunogenic polypeptide in  30 an immunoassay, for example, a
solid phase immunoassay with one or more of the  



immunogenic proteins immobilized on a solid support. Polyclonat anti sera
with a titer of  10o or greater are selected, pooled and subtracted with the
control synthetase polypeptides  to produce subtracted pooled titered
polyclonal antisera. 64 ] 9 OCT 2005 WO 02/055923 PCT/US02/12465 [229] The
subtracted pooled titered polyclonal antisera are tested for cross
reactivity  against the control homologues in a comparative immunoassay. In
this comparative assay,  discriminatory binding conditions are determined
for the subtracted titered polyclonal  antisera which result in at least
about a 5-10 fold higher signal to noise ratio for binding of 5 the titered
polycIonal anti sera to the immunogenic synthetase as compared to binding to
the control synthetase homologues. That is, the stringency of the binding
reaction is  adjusted by the addition of non-specific competitors such as
albumin or non-fat dry milk,  and/or by adjusting salt conditions,
temperature, and/or the like. These binding conditions  are used in
subsequent assays for determining whether a test polyp ptide (a polypeptide
10 being compared to the immunogenic polypeptides and/ or the control
polypeptides) is  specifically bound by the pooled subtracted polyclonai
antisera. In particular, test  polypeptides which sho,.% at least a 2-5x
higher signal to noise ratio than the control  synthetase homologues under
discriminatory binding conditions, and at least about a Fla  signal to noise
ratio as compared to the i rn nunogenic polypeptide s), shares substantial
15 structural similarity with the immunogenic polypeptide as compared to
known synthetases,  and is, therefore a polypeptide of the invention. [230]
In another example, immunoassays in the competitive binding format are used
for  detection of a test polypepti de. For example, as noted, cross-reacting
antibodies are  removed from the pooled antisera mixture by immunoobsorbtion
with the control 20 polypeptides. The immunogenic polypeptide(s) are then
immobilized to a solid support ` which is exposed to the subtracted pooled
antisera. Test proteins are added to the assay to  compete for binding to
the pooled subtracted antisera. The ability of the test protein(s) to
compete for binding to the pooled subtracted antisera as compared to the
immobilized  protein(s) is compared to the abiIity,of the immunogenic
polypeptide(s) added to the assay 25 to compete for binding (the immunogenic
polypeptides compete effectively with the  immobilized immunogenic
polypeptides for binding to the pooled antisera). The percent
cross-reactivity for the test proteins is calculated, using standard
calculations. [231] In a parallel assay, the ability of the control proteins
to compete for binding to the  pooled subtracted antisera is optionally
determined as compared to the ability of the 30 immunogenic pol ypep ti
de(s) to compete for binding to the antisera. Again, the percent
cross-reactivity for the control polypeptides is calculated, using standard
calculations.  Where the percent cross-reactivity is at least 5-lOx as high
for the test polypeptides as  compared to the control polypeptides and or
where the binding of the test polypeptides is 65 ~'y 0 [ , r U WO 021085923
PCT/US02./12465 



approximately in the range of the binding of the immunogenic polypeptides,
the test  polypeptides are said to specifically bind the pooled subtracted
antisera. [232] In general, the immunoabsorbed and pooled antisera can be
used in a competitive  binding immunoassay as described herein to compare
any test polypeptide to the 5 immunogenic and/ or control polypeptide(s). In
order to make this comparison, the  immunogenic, test and control
polypeptides are each assayed at a wide range of  concentrations and the
amount of each polypeptide required to inhibit 50% of the binding  of the
subtracted antisera to, e.g., an immobilized control, test or immunogenic
protein is  determined using standard techniques. If the amount of the test
polypeptide required for 10 binding in the competitive assay is less than
twice the amount of the immunogenic  polypeptide that is required, then the
test polypeptide is said to specifically bind to an  antibody generated to
th immunogenic protein, provided the amount is at least about 5- 1 Ox as
high as for the control polypepti de. [233] As an additional determination
of specif city, the pooled antisera is optionally fully  15 irnmunosorbed
with the irmm unogenic pal ypepti de(s) {rather than the control
polypeptides)  until little or no binding of the resulting immunogenic
polypeptide subtracted pooled anti sera to the immunogenic polypepti de (s)
used in the immunosorbtion is detectable.  T'his fully immunosorbed anti
sera is then tested for reactivity with the test polypeptide. If  little or
no reactivity is observed (i.e., no more than 2x the signal to noise ratio
observed 20 for binding of the fully immunosorbed antisera to the
immunogenic polypeptide), then the  -'test polypeptide is specifically bound
by the anti sera elicited by the immunogenic protein. General Molecular
Biology_Tecbnkiues [234] General texts which describe molecular biological
techniques include Berger and  Kimmel, Guide to Molecular Cloniri
Techniques, Methods in Ens alo volume 152 25 Academic Press, Inc., San
Diego, CA (Berger); Sambrook et al., Molecular cloning` A  Laboratory Manual
(2nd Ed.). Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring  Harbor, New
York, 1989 ("Sambrook") and Ci rrent Protocols in Molecular BiolM, F: M.
Ausubel et al., eds., Current Protocols, a joint venture between Greene
Publishing  Associates, Inc. and John Wiley & Sons, Inc., (supplemented
through 1999) ("Ausubel")) 30 These texts describe mutagenesis, the use of
vectors, promoters and many other relevant  topics related to, e.g., the
generation of genes that include selector codons for production  of proteins
that include unnatural amino acids, orthogonal tRNAs, orthogonal
synthetases,  and pairs thereof, 6 19 OCT 2005 WO 021085923 PCT/US02/12465
[235] Various types of mutagenesis are used in the present invention, e.g.,
to insert  selector codons that encode unnatural amino acids in a protein.
They include but are not  limited to site-directed, random point
mutagenesis, homologous recombination (E)NA  shuffling), mutagenesis using
uracil containing templates, oligonucleotide-directed 5 mutagenesis,
phosphorothioate-modified DNA mutagenesis, mutagenesis using gapped  duplex
DNA or the like. Additional suitable methods include point mismatch repair,
mutagenesis using repair-deficient host strains, restriction-selection and
restriction- purification. deletion mutagenesis, mutagenesis by total gene
synthesis, double,-strand  break repair, and the like. Mutagenesis, e.g.,
involving chimeric constructs, are also 



10 included in the present invention. In one embodiment, mutagenesis can be
guided by  known information of the naturally occurring molecule or altered
or mutated naturally  occurring molecule, e.g..sequence, sequence
comparisons, physical properties, crystal  structure or the like. [236] The
above texts and examples found herein describe these procedures. Additional
15 informauon is found in the following publications and references cited
within: Ling et al,,  Approaches to DIVA mutagenesis: an overview, Anal
Biochem. 254(2): 157-178 (1997);  Dale at at, Oli8onucleotide-direcred
random muragenesis using the phosphorothioate  method, Methods Mol. Biol.
57:369-371(1996); Smith, In vitro mutagenesls, Ann Rev.  Genet
19:423-462(1985); Botstein & Shoille, Strategies and applications of in
vitro 20 '-mutagenesis, Science 229:1193-1201(1985); Carter, Site-directed
mutagenesis, Biochem.  J. 237:1-7 (1986); Kunkel, The efficiency of
oligonucleotide directed mutaenesis, in Nucleic Acids &Molecular Biology
(Eckstein, F. and Lilley, D.M.J. eds., Springer  Verlag, Berlin)) (1987);
Kunkel, Rapid and e tci.ent site-specific mutagenesis without  phenotypic
selection, Prot Natl. Acid. Sci, A 82:488-492 (1985); Kunkel et al-. Rapid
25 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); Methods in
Enzymol. 100: 468-500 (1983);  Methods in EnzymoI- 154: 329-350 (1987);
Zoller Sc Smith, Oligonucleotide-directed  muragenesis using M13-derived
vectors: an efficient and general procedure for the 30 production of point
mutations in any DNA fragment, Nucleic Acids Res. 10:6487-6500  (1982);
Zoller & Smith, Oligonucleoti.d -directed mutagenesis of LAVA fragments
cloned  into MI3 vectors, Methods in Enzvmol. 100:468-500 (1983); oller &
Smith,  Oligonucleolide-directed mutagenesis: a simple method rising No
oligonucleotide primers  and a single-stranded DNA template, Methods in
Enzyrnol 154:329-350 (1987); Taylor et 67 19 OCT 2005 WO 02/085923
PCT/US02112465 al., The use of phosphorothioare-moil ed DNA in restriction
enzyme reactions to prepare  nicked DNA, Nucl. Acids Res. 13: 8749-8764
(1985); Taylor et al., The rapid generation  of oligonucleotide-directed
mutations at high frequency using phosphoroshioare-rrnodnfred  DNA, Nud.
Acids Res. 13: 8765-8787 (1985); Nakamaye & Eckstein, Inhibition of 5
restriction endonuclease Nci 7 cleavage by phosphorothioate groups and its
application to  oligonucleo:ide-directed mutagenesis, Nuc 1. Acids Res. 14:
9679-9698 (1985); Sayers er  al., 1-T Exonucleases in phosphorothioate-based
oligonucleotide-directed mutagenesis,  Nuc1. Acids Res, 16:791-802 (1988);
Sayers et al., Strand specific cleavage of  phosphorothioate-containing DNA
by reaction with restriction endonucleases in the 10 presence of ethidium
bromide, (1988) Nucl, Acids Res, 16, 803-814; Kramer et al., The  gapped
duplex DNA-approach to oligonucleotide-directed mutation construction, I
ucl.  Acids lies. 12, 9441-9456 (1984); Kramer & Fritz
Oligonucleotide-directed construction  of mutations via gapped duplex DVA,
Methods in Erizymol. 154;350-367 (1987); Kramer  et al., Improved enzymatic
in vitro reactions in the gapped duplex DNA approach to 15
oligonucleotide-directed construction of mutations, Nucl. Acids Res. 16:
7207 (1988);  Fritz et al,, Oligonuclaotide-directed construction of
mutations: a gapped duplex DNA  



procedure without enymatic reactions in vitro, Vue1. Acids.Res. 16:
6987-6999 (1988);  Kramer et al., Point Mismatch Repair, eIl 38:879-887
(1984); Carter et al., Improved  oligonucleotide site-directed mutagenesis
using M13 vectors, Nuc1. Acids Res. 13: 4431 20 4443 (1985); Carter,
Improved oligonucleotide-directed mutagenesis using M13 vectors,  Methods in
Enzymol. 154: 382-40 (1987); Eghtedarzadeh & Hen ikoff, Use of
oligonueleotides to generate large deletions, Nucl. Acids Res. 14: 5115
(1986); Wells et  ai., Importance of hydrogen-bond formation in stabilizing
the transition state of subtilisin,  Phil. Trans. R. Sac. Lond. A 317:
415-423 (1986); Iambiar et al., Total synthesis and 25 cloning of a gene
coding, for the ribonuclease S protein, cieiicc 223: 1299-1301 (1984};
Sakamar and Khorana, Total synthesis and expression of a gene for the
a-subunit of bovine  rod outer segment guanine nucleotide-binding protein
(transducin), Nucl. Acids Res. 14:  6361-6372 (1988); Wells et al., Cassette
mutagenesis: an efficient methodf or generation  of multiple mutations at
defined sires, OOne 34:315-323 (1985); Grundstrom et al., 30
Oftgonucleatide-directed mu tagenesis by microscale 'shot-gun' gene
synthesis, Nucl  Acids Res. 13: 3305-3316 (1985); Mandecki,
Oliganucfeotid.,7-direcred double-strand  break repair in plasmids of
Escherichia col is a method for site-specific mutagenesis, Prat.  Nati.
Acad. Sci. USA, 83:7177-7181 (1986); Arnold, Protein engineering for unusual
environments, Current _{ pinion in Biotechnology 4:450-455 (1993); Sieber,
et al., Nature 68 o 0 21081923 PCT/US02/12465 Biotechnology, 19:456-460
(2001). W. P. C. Stemmer, Nature 370, 3 9-91 (1994); and, 1.  A. Lorimer, I.
Pastas, Nucleic Acids Res. 23, 3067-8 (1995). Additional details on many  of
the above methods can be found in Methods in Ens mold Volume 154, which also
describes useful controls for trouble-shooting problems with various
mutagenesis 5 methods. [237] The present invention also relates to host
cells and organisms for the in vivo  incorporation of an unnatural amino
acid via orthogonal tIAIRS pairs. Host cells are  genetically engineered
(e.g., transformed, transduced or transfected) with the vectors of  this
invention, which can be, for example, a cloning vector or an expression
vector. The  10 vector can be, for example, in the form of a plasmid, a
bacterium, a virus, a naked polynucleotide, or a conjugated polynucleotide.
Te vectors are introduced into cells  and/or microorganisms by standard
methods including electroporation (From et al., Proc.  Nat!, 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 15 or particles, or on the surface (Klein et al.,
Nature 327, 70-73 (1987)). [238] The engineered host cells can be cultured
in conventional nutrient media modified  as appropriate for such activities
as, for example, screening steps, activating promoters or  selecting
transform ants. These celIs can optionally be cultured into transgenic
organisms.  [239] Several well-known methods of introducing target nucleic
acids into bacterial cells 20 are available, any of which can be used in the
present invention. These include: fusion of  ".. the recipient cells with
bacterial protoplasts containing the DNA, electroporation,  projectile
bombardment, and infection with viral vectors (discussed further, below),
etc.  Bacterial cells can be used to amplify the number of plasmids
containing DNA constructs  of this invention. The bacteria are grown to log
phase and the plasmids within the bacteria 



25 can be isolated by a variety of methods ]mown in the art (see, for
instance, Sambrook). In  addition, a plethora of kits are commercially
available for the purification of plasmids  from bacteria, (see, e.g..
EasyPrepTM, FlexiPrepT , both from Pharmacia Biotech; StrataCleanT', from
Stratagene; and, QIAprepTM from Qi The isolated and purred  plasmids are
then further manipulated to produce other plasmids, used to transfect cells
or  30 incorporated into related vectors to infect organisms. Typical
vectors contain transcription  and translation terminators, transcription
and translation initiation sequences, and promoters useful for regulation of
the expression of the particular target nucleic acid. The  vectors
optionally comprise generic expression cassettes containing at least one
independent terminator sequence, sequences permitting replication of the
cassette in 69 WO 021085923 1 9 OCT N05  PCT/US02/12465 eukaryotcs, or
prokaryotes, or both, (e.g., shuttle vectors) and selection markers for both
prokaryofic and eukaryotic systems. Vectors are suitable for replication and
integration in  prokaryotes, eukaryotes, or preferably both. See, Giliman &
Smiffi. Gene 8:81 (1979);  RobeM, et aL, Nam re, 328:73 1 (19 8 7),
Schneider, 13., et al., Protein Expr. Purif. 6435: 10 5 (1995); Ausubel,
Sambrook, Berger (all supra). A catalogue of Bacteria and Bacteriophages
useful for cloning j s provided, e. g., by the ATCC, e, g., 77ze ATCC
Catalogue of Bacteria and Bacteriophage (1992) Cherna st aL (eds) pubb s hed
b y the  ATCC. Additional basic procedures for sequencing, cloning and otfi
or aspects of  molecular biology and underlying theoretical considerai ons
are al so found in Watson et 10 aL (1992) Recombinant DNA Second Edition
Scientific American Books, NY, [240] Other useful references, e.g. for cell
isolation and culture (e.g., for subsequent nucleic acid isolation) include
Freshney (1994) Culture of Animal 0dl % a Main u al of Basic Technique,
third edition, Wile y- Uss, New York an d the references cited therein;
Payne et al. (1992) P1 ant Cell and Tissue Culture in liquid Systems John Wi
ley & Sons,  15 Inc. New York, NY; Gamborg and Philips (eds) (t 995) P1 an t
Cell, Tj S sue and Organ Culture; Fundamental Methods Springer Lab Manual,
Springer-Verlag (Btrlin Heidelberg  New York) and Atlas and Parks (eds) The
Handbook of Microbiological Media (1993)  CRC Press, Doca Raton, FL. [24 11
In addition, essentially an y nucleic acid (and virtually any labeled
nucleic ac id,  20 'whether slandard or n on-standard) c an be custom or
stand-ordered ft m an y of a  variety of commercial sources, such as The
Midland Certified Reagent Company  (mcrc@o1igw.com), The Great American Gene
Company (www.gencozom), Exp=sGen  Inc. (wwwxxpressgr_n.com), Optran
Technologies Inc. (Alameda, CA) and inany others, Pharmaceutical
Compositions 25 [242] The proteins, e.g., polypeptides, peptides, etc.. of
the invention (e.g., comprising  one or mom unnatural amino acid) are
optionally employed for therapeutic uses, e.g., in  combinafion with a
suitable pharmaceutical carrier. S Uch compositions, e.g., comprise a
therapeutically effective amount of the compound, and a pharmaceutically
acceptable  carrier or excipient. Such a carrier or excipient includes, but
is not limited to, saline, 30 buffered saline. dextrose, water, glyotrol,
ethanol, and/or combinations thereof. The  



formulation is made to suit the mode of administration. In general, methods
of  administering proteins are well known in the art and can be applied to
administration of  the polypeptides of the invention. 70 19 OCT 2005 WO
021085923 PCT/US02/12465 [243] Therapeutic compositions comprising one or
more polypeptide of the invention are  optionally tested in one or more
appropriate in vitro and/or in vivo animal models of  disease, to confirm
efficacy, tissue metabolism, and to estimate dosages, according to  methods
well known in the art. In particular, dosages can be initially determined by
5 activity, stability or other suitable measures of unnatural herein to
natural amino acid  homologues (e.g., comparison of an EPO modified to
include one or more unnatural  amino acids to a natural amino acid EPO),
i.e., in a relevant assay. (244] Administration is by any of the routes
normally used for introducing a molecule  into ultimate contact with blood
or tissue cells. The unnatural amino acid polypeptides of  10 the invention
are administered in any suitable manner, optionally with one or more
pharmaceutically acceptable carriers. Suitable methods of administering such
polypeptides in the cant yxt of the present invention to a patient are
available, and,  although more than one route can be used to administer a
particular composition, a  particular route can often provide a more
immediate and more effective action or reaction 15 than another route. [245]
Pharmaceutically acceptable carriers are determined in part by the
particular  composition being administered, as well as by the particular
method used to administer the  composition. Accordingly, there is a wide
variety of suitable formulations of  pharmaceutical compositions of the
present invention, 20 [246] Polypeptide compositions can be administered by
a number of routes including, ` but not limited to; oral, intravenous,
intraperitoneal, intramuscular, trarnsdermal, subcutaneous, topica],
sublingual, or rectal means. Unnatural amino acid polypeptide  compositions
can also be administered via liposomes. Such administration routes and
appropriate formulations are generally known to those of skill in the art,
25 [247] The unnatural amino acid polypeptide, alone or in combination with
other suitable  components, can also be made into aerosol formulations
(i.e., they can be "nebulized") to  be administered via inhalation. Aerosol
formulations can be placed in to pressurized acceptable propellants, such as
dichlorodifluoromethane, propane, nitrogen, and the like.  [2481
Formulations suitable forparenteral administration, such as, for example, by
30 intraarticular (in the joints), intravenous, intramuscular, intradermal,
i n traperi toneal, and  subcutaneous routes, include aqueous and
non-aqueous, isotonic sterile injection solutions,  which can contain
antioxidants, buffers, bacteriostats, and solutes that render the
formulation isotonic with the blood of the intended recipient, and aqueous
and non- aqueous sterile suspensions that can include suspending agents,
solubilizers, thickening 71 19 OCT 2015 WO +17/085923 PCTIU 502112465 



agents, stabilizers, and preservatives. The formulations of packaged nucleic
acid can be  presented in unit-dose or multi-dose scaled containers, such as
ampules and vials. [249] Parenteral administration and intravenous
administration are preferred methods of  administration. In particular, the
routes of administration already in use for natural amino  5 acid homologue
therapeutics (e. g., those typically used for O, GCSF, GMCS1, JFNs,
interleukins, antibodies, and/or any other pharmaceutically delivered
protein), along with  formulations in current use, provide preferred routes
of administration and formulation for  the unnatural amino acids of the
invention. 12501 The dose administered to a patient, in the context of the
present invention, is 10 sufficient to effect a beneficial therapeutic
response in the patient over time, or, e.g,, to  inhibit infection by a
pathogen, or other appropriate activity, depending on the application.  The
dose is determined by the efficacy of the particular vector, or formulation,
and the  activity, stability or serum half life of the unnatural amino acid
polypeptide employed and  the condition of the patient, as well as the body
weight or surface area of the patient to be 15 treated, The size of the dose
is also determined by the existence, nature, and extent of any  adverse
side-effects that accompany the administration of a particular vector,
formulation,  or the like in a particular patient [251] In determining the
effective amount of the vector or formulation to be administered  in the
treatment or prophylaxis of disease (e.g., cancers, inherited diseases,
diabetes, 20 'AIDS, or the like), the physician evaluates circulating plasma
levels, formulation  toxici ties, progression of the disease, and/or where
relevant, the production of anti unnatural amino acid polypeptide
antibodies. [252] The dose administered, e.g., to a 70 kilogram patient are
typically in the range  equivalent to dosages of currently-used therapeutic
proteins, adjusted for the altered k 25 activity or serum half-life of the
relevant composition. The vectors of this invention can  supplement
treatment conditions by any known conventional therapy, including antibody
administration, vaccine administration, administration of cytotoxic agents,
natural amino  acid polypeptides, nucleic acids, nucleotide analogues,
biologic response modifiers, and  the like. 30 [253] For administration,
formulations of the present invention are administered at a rate  determined
by the iD-50 of the relevant formulation, and/or observation of any side-
effects of the unnatural amino acids at various concentrations, e.g., as
applied to the mass  and overall health of the patient, Administration can
be accomplished via single or  divided doses. 72 1 9 OCT 2005 WO 021tt55923
PCT/US02/124o5 [254) If a patient undergoing infusion of a formulation
develops fevers, chills, or muscle  aches,.helshe receives the appropriate
dose of aspirin, ibuprofen, acetaminophen or other  pain/fever controlling
drug. Patients who experience reactions to the infusion such as  fever,
muscle aches, and chills are premedicated 30 minutes prior to the future
infusions 5 with either aspirin, acetaminophen, or, e.g.. diphenhydramine.
Meperidine 1s used for  more severe chills and muscle aches that do not
quickly respond to antipyretics and  



antihistamines. Cell infusion is slowed or discontinued depending upon the
severity of the  reaction. EXAMPLES 10 Example 1: In vivo incorporation of
O-methyl-L-tyroslne [255] An orthogonal t1 Alsynthetase pair in E. soli can
be generated by imparting a  pair from a different organism, if
cross-species aminoacylation is inefficient (Y. Kwok, J.  T. Wong, Can. J.
Biochem, 58, 213-8 (1980)), and the anticodon loop is not a key  determinant
of synthetase recognition. One such candidate pair is the tyrosyl 15
tRNAlsynthetase pair of methanococcus jannnaschii (M. jannaschii), an.
archaebacteriurn  whose tRNA identity elements differ from those of E. coif
tRNATyr, and whose tyrosyl  synthetase (TyrRS) lacks an anticodon loop
binding domain (B. A. Steer, P. "Schimmel, J.  Biol, Chem. 274, 35601-6
(1999)). In addition, the M. jannaschii TyrRS does not have an  editing
mechanism (H. Jakubowski, E. Goldman, Microbiol. Rev. 56, 412-29 (1992)),
and 20 therefore should not proofread an unnatural amino acid ligated to the
tRNA. [256] It has been shown that an amber suppressor tRNA derived from the
M jani schii  tRNA' is not efficiently aminoacylated by the E. colt
synthetases, but functions  efficiently in protein translation in E. soli
(L. Wang, T. 1. Magliery, D. R. Liu, P. G.  Schultz, J, Am. Chem. Soc. 122,
5010-1 (2000)). Moreover, the M. jannaschii TyrRS is 25 orthogonal to E.
soli tRNAs (B. A. Steer, P. Schimmel, J. Biol. Chem. 274, 601-6  but still
efficiently aminoacylates its own suppressor tRNAC;A (L. Wang, T. J.
Magliery, D. R. Liu, P. 0. Schultz, J. Am. Chem. Soc. 122, 5010-1 (2000)).
Thus, the M,  jannascM tRNA""fTyrRS functions as an orthogonal pair, and can
efficiently incorporate tyrosine in response to the amber codon,UAO, in E.
coil. 30 [257] To further reduce recognition of this orthogonal tRNA by E.
colt syrithetases,  mutagenesis and selection scheme was performed. For
additional details, we United  States Patent application Serial No.. __ ,
titled "Methods and Compositions for the 73 WO 021085923 1 9 O C T 2005
PCT/US02/1246S production of orthogonal tRNA-tRNA syothetase pairs,"
(Attorney docket number 54- 00013OUS, by Schultz et al) filed concurrently
with the instant application, the disclosure  of which is incorporated in
its entirety. [258] Briefly, eleven nucleotides of the jannaschii tRNA 'IF "
that do not interact  5 directly with the M. jannaschii TyrRS were randomly
mutated to afford a suppressor  tRNA library. This tRNA library was passed
through a negative selection that removes  tRNAs that are aminoacylated by
E. soli synthetases, followed by a positive selection for  tRNAs that are
efficiently aminoacylated by M. jannaschii TyrRS, The orthogonality of  the
resulting suppressor tRNAs was tested by an in vivo complementation assay,
based on 10 suppression of all amber stop codon at a nonessential position
(Ala 184) of the TEM-1  beta-lactamase gene carried on plasmid pBLAM.
Aminoacylation of a transformed  suppressor tRNA by anyFendogenous E. coli
synthetase results in cell growth in the  presence of arupicillin. E. coli
transformed with the M. jannaschii tRNAcuh and pBLAM survive at 55.5
microgramslmL arnpicillin. When the best mutant suppressor tRNA  1 (mtRNA
'A) selected from the library was expressed, cells survived at only 12.4  



microgramslmL ampicillin. The mutant suppressor mtRNAT,~ contained the
following  nucleotide substitutions: C 17A, U17aG, U20 C, G37A, and U470s.
For comparison, cells  with pBLAM only (in the absence of any suppressor
tRNA) survive at 9.7 micro grams/mL- ampicillin. When the M. jannaschii
TyrRS is coexpressed with this mtRNAcUA , cells 20 survive at 436
microgramsln7L ampicillin. Thus, the rntRN A 71A is a poorer substrate for
and is still aminoacylated  the endogenous synthetases than the M. ja
nnaschii tRNAT' CUA  efficiently by the M. jannaschii TyrRS. [259] To alter
the amino acid specificity of the orthogonal M. janncr.schi TyrRS so that it
charges the mtBNAc with a desired unnatural amino acid, a library of TyrRS
mutants  25 was generated and screened. Based on the crystal structure of
the homologous Tyrl from Bacillus stearothermophilus (P. Brick, T. N.
Bhat,1). M. Blow, J. Mol. Biol. 208,  83-98 (1985)), five residues (Tyr32,
GI AsplSE,11e159 and Leu1 ) in the active  site of M. jannaschii TyrRS,
which are within 6.5 A of the pars position of the aryl ring of  bound
tyrosine were mutated. Corresponding residues from a mutant M. jannaschii 30
TyrRS (mutTyr RS, for aminoacylation with G-methyl-L-tyrosine) are Tyr
(Tyr), 74 1 OCT 2005 WO 021085'n3 PCTIL; 02/12465 G1u17 (Asn123), Asp'
(Asp'76), Ile' s (Phe'77), and Lea 162 {Leu1s ~ with B.  stearothermophilus
TyrRS residues in parenthesis. [260] As described in more detail below,
these residues were all initially mutated to  a] anine to generate an AM
TyrRS, which is unable to charge the rntRNA~& with 5 tyrosine. This mutant
A1a5 TyrRS was used as a template to generate a library of TyrRS  mutants in
which the five residues were randomly mutated by PCR mutagenesis with  doped
oligonucleotides. [2611 The T. jannaschii; TyrRS gene was expressed under
the control of E. coli G1nRS  promoter and terminator in plasmid pBK-TYRS, a
p1 R322 derived plasmid with 10 kanarnycin resistance. Residues Tyr32, GI
Asp15S, Ile 159 and Leu162 were  substituted with Ala by site-directed
mutagenesis to afford plasmid pBK-J A5. 01 LW 157 5 '-4 GAA1TC ATATGGA GAA
GAAATG-3', LW 164  5' -GTATTT TACCACTTGGTTCAAAACCTAT? A CA GA1'I'TT '
ATCTTTI T'fT ATC IT  15 TTTTAAAAC-3', LW 159 57 -TAGGT1TTGAACCAA xT x
TAAAATA -3', LW 165 5 '-CATTCAGTGTATAAT CTTATCAA Cf'G AAMNNA ATAA
ACATATTTTGCCTTTAAC-3', LW161 5'-TCCA T 1'GATAAGGATTATA A  CTGAATG-3',
LW1675' -CATC CTCCAACTGCAACATCAACGC l1NATA
ATGSNiMNNATTAACCTGCATTATTGATAATAAC-3', LW 163 5'-GCGT 20 T OAT 1TGCAGT
TGGACGGGATG-3', and LW 105 5'-AAAC M AGTTATAAT  CTCITrCTAATTGOCTC-3' with
NNK {N=A+T+G+C, K=G+T, and M=C+A (Operon,  Alameda, CA) at the mutation
sites were used for PCR amplification of the AIaS T rRS  mutant (pBK-J A5)
and ligated back into the I deI-PstI-digested pBK-J A5 to afford the  



TyrRS library. The ligated vectors.-were transformed into E. coli DH10B
competent cells 25 to yield a library of 1.6 X log colony forming unit
(cfu). The TyrRS genes from 40  randomly picked colonies were sequenced to
confirm that there was no base bias at the  randomized NNK positions and no
other unexpected mutations. The library was amplified  by maxiprep, and
supercoiled DNA was used to transform the selection strain pYC-J17.  [2] A
positive selection was then applied that is based on suppression of an amber
stop 30 cadon at a nonessential position (Asp 112) in the chloramphenicol
acetyltransferase (CAT)  gene M. Pastrnak, T. J. Magliery, P. G. Schultz,,
Helverica Chimica Acta. 83, 86  (2000)), Cells were grown. in media
containing the unnatural amino acid and selected for  their survival in the
presence of various concentration of chloramphenicol. If a mutant 75 WO
42M5923 1 9 O C T 2005  PCT/U 02112-465 TyrRS charges the orthogonal mtRNAc
with any amino acid, either natural or  unnnatural, the cell produces CAT
and survives, [263] The surviving cells were then grown in the presence of
chloramphenicol and in the  absence of the unnatural amino acid, Those ceps
that did not survive, i.e., which encode 5 mutant TyrRSs that charge the
orthogonal mtRNACU with an unnatural amino acid, were  isolated from a
replica plate supplemented with the unnatural amino acid. The mutant  TyrRS
genes were isolated from these cells, recombined in vitro by DNA shuffling,
and  transformed back into E coli for further rounds of selection, . [264]
Seven tyrosine analogues with different functional groups at the pars
position of  10 the aryl ring (acetyl, amino, carboxyl, isopropyl, methyl,
0-methyl and nitro) were used  individually in the selections that were
performed as follows. [265] The gene encoding mt,RNAa under the control of
the lpp promoter and rrnC  terminator was inserted into plasmid pA MD11 TAG
(a pACYC 184 plasmid with a TAG  stop colon replacing Asp 112 in its CAT
gene (M. Pastmak, T. J. Magliery, P. G. Schultz, 15 Helvetica Chimica Arta.
83, 2277-8 6 (2000))) to afford plasmid pYC-J 17, Supercoiled  DNA encoding
the TyrRS library was transformed into E. cola DR1OB competent cells
containing pYRJ17 to yield a library of size greater than 3 X 10' cfu,
ensuring complete  coverage of the original library. Cells were then plated
on minimal media plates containing 1% glycerol and 0, mM leucine (Cris) with
17 icrogramslmL  20 tetracycline(Tet), 25 microgramslmL kanamycin an), 50
micrograrnslmLof  chlorarnphenicol (m), and I mM unnatural amino acid. After
incubation at 37 'C for 44 hours, colonies on plates supplied with
D-methyl-L-tyrosine were pooled, plasmids were  isolated and retransformed
into E. coli DHIOB competent cells containing pY-J17, and  the transformed
cells were positively selected on 50 micrograms/mL of Cm. Colonies 25 (96)
were individually picked from the plate, diluted into 100 mL of liquid
CNIlvIL media,  and streaked onto two sets of Kan/Tet GMML, plates with
various concentration of On.  No 0-methyl- tyrosine was added to plate set 1
and the concentration of Cm was varied  from 10 - 25 rnicrogramslmL; plate
set 2 contained 1mM 0-methyl-L-tyrosine and 50  micrograms/mL of Cm.
Replicates of colonies that did not grow on 15 rnicrograrnslmL of 30 On in
plate set I. were picked from plate set 2. PIasmids containing the TyrRS
gene were  purified and recombined in vitro by DNA shuffling using S
temmer's protocol (W. P. C.  



Stemmer, Nature 370, 389-91 (1994)) with the exception of 10 m Mn2+ instead
of  Mg2+ in the fragmentation reaction (I. A. Lorimer, I. Pastan, Nucleic
Acids Res. 23, 3067 76 I ~ 4r! 2M5 'O 021085923 P T1US02112465 8 (1995)).
The library was then religated into predigested pBK-JYA5 vector to afford a
second generation TyrRS library with a typical size of 8 X 108 to 3 X 109
cfu. Thirty  randomly selected members from the library were sequenced. The
mutagenic rate  introduced by DNA shuffling was 0.35%. This library was
transformed into the selection 5 strain for the next round of selection
followed by shuffling. The concentration of CM in  the positive selection
and in plate set 2 was raised to 80 micrograrnslmL for the second  round and
120 niicrogramslrnL for the third round; the concentration of Cm in plate
set 1  was unchanged. After three rounds of DNA shuffling, colonies began to
grow on 20 - 25  microgranslmL Cm in plate set 1, indicating that the TyrRS
mutants were accepting 10 natural amino acids as substrates. Therefore, the
best clone selected after two rounds of  DNA shuffling was characterized in
detail. [266] Following the twi rounds of selection and DNA shuffling, a
clone (mutant TyrRS  (LWJ16)) was evolved whose survival in chIkrarnphenicol
was dependent on the addition  of 1 mM O-methyl-L-tyrosine to the growth
media. In the absence of O-methyl-L 15 tyrosine, cells harboring the mutant
TyrR(LWJ16) were not viable on minimal media  plates containing I% glycerol,
0.3 mM leucine (G I ), and 15 microgramsfmL of  chloramphenicol. Cells were
able to grow on MAIL plates with 125 micrograms /mL  chlorarnphenicol in the
presence of 1mM O-methyl-L-tyrosine. Similar results were  obtained in
liquid GNDAL. As a control, cells with the mtRNA''U`A and the inactive Alas
20 Tyr RS did not survive at the lowest concentration of chioramphenicol
used, either in the  presence or absence of 1mM O-methyl-L-tyrosine. This
indicates that the growth of cells  in chlorarnphenicol relies on the
expression of the mutant TyrRS (LWJ1) and is not a  simple nutritional
effect of C-methyl-L-tyrosine. Addition of 1mM O-methyl-L`t cosine  itself
does not signif-icant] y affect the, growth rate of E. coli. 25 (267) To
further demonstrate that the observed phenotype is due to the site-specific
incorporation of O-methyl-L-tyrosine by the orthogonal mtRNA,',4 lrnutan t
TyrRS  (LWJ16) pair in response to an amber stop colon, an
O-methyl-L-tyrosine mutant of di hydrofol ate reductase (DHFR) was generated
and characteri zed. The third codon of the  E. coil DRFR gene (a permissive
site) was mutated to TAG and a C-terminal His, tag was  30 added in order to
separate the mutant protein from endogenous E. soli DHFR. As a control, the
mtRlAcuh was coex pressed with the wild type M. jannaschii TyrR,  resulting
in efficient suppression of the nonsense colon in DHFR with tyrosine. See 77
I QV OCT M5 WO 021085923 PCT/US02/12465 Figure 2. Len the mutant TyrRS
(LWJ16) was expressed in the presence of mtRNA~uv,,  and I nuM
O-methyl-L-tyrosine in liquid OMML growth media, full length DHFR was  also
produced and could be purified by Ni affinity chromatography with an
isolated yield  



of 2 mg/liter. 5 (268] The yield of purified protein is approximately 26
fold lower in liquid GMNL  media compare to 2YT rich media. For example,
when the mtRNrh and wild type M.  jannaschii TyrRS are coexpressed, the
yield of DBFR is 67 mgIL in 2YT and 2.6 m IL in  liquid II n [2691 In the
absence of either O-methyl-L-tyrosine, mtRNAc. A or mutant TyrRS  10 (LWJ
16), no DHFRFz 0.1% by den si tometry) was observed by analysis with SD -
polyacrylamide gel electrophoresis and silver staining. See Figure 2.
Western analysis  further demonstrated that no trace amount of DHFR was
produced in the absence of either  mtF A ,*, mutant TyrRS (LWJ1 ), or
O-methyl-L-tyrosine. See Figure 2. [270] The identity of the amino acid
inserted in response to the TAG colon was 15 confirmed by mass analysis of
both the intact protein and tryptic fragments. The average  mass of the
intact protein was determined by electrospray ionization Fourier Transform
Ion Cyclotron Resonance Mass Spectrometry (FT-ICR MS). The observed value
for the  monoisotopic mass from the cluster next to the internal calibrant
was 18096.002 Da,  which is within 5 ppm of the theoretical mass of
18095.908 Da and clearly demonstrates 20 the incorporation of
O-meth}el-L-tyrosine. (271] For this experiment a DI R mutant lacking the
C-terminal His tag was used and  purified by methotrexate affinity
chromatography. In the mutant protein, the third colon  was changed to TAO,
and the fourth colon was changed from CTO to ATr to improve  the amber
suppression efficiency, resulting in a Leu4Met mutation, 25 t272] This
result also indicates that other endogenous E. coli synthetases do not
utilize  O-methyl -L-tyrosine as a substrate. Liquid chromatography tandem
mass spectrometry of  tryptic digests was carried out to confirm the
sequence of the N-terminal pep tide. An  example of a tandem MS spectrum is
shown in Figure 3. The doubly charged precursor  ion at 691.5 Da,
corresponding to the N-terminal tryptic peptide M*MIAALAR, 30 was selected
and fragmented in an ion trap mass spectrometer (rM ). The fragment ion
masses could be unambiguously assigned as shown in Fire 3, confirming the
site- specifie incorporation of O-methyl-L-tyrosine. Neither the protein
mass spectra nor the 78 1 9 a C' T N 015 WO 02/085923 PCTIUS02/12465 tryptic
peptide maps gave any indications of the incorporation of tyrosine or other
amino  acids in place of O-mcthyl.-L-tyrosint - from the signal -to-noise
ratio of the protein m ass  spectra a minimum 95% incorporation purity for
O-rnethyl-L-tyrosine was obtained.  [273] Taken together, the cell gmwth,
protein expression and mass spectrometry 5 experiments demonstrate th at the
mtRNA~u'h /mutant TyrRS (LWJ 16) arthogon al pair i s  capable of
selectively inserting O-methyl-L-tyrosine. into proteins in response to the
arnber  codon with a fidelity rivaling that of the natural amino acids.
[274] Analysis of the sequence of the mutant TyrRS (LWJI~) that charges the
mtRNA~,', with 0-meth yl-Ltyrosine revealed 12 nucleotide changes, two of
which were  10 silent. The ten nonsilent mutations resulted in the following
amino acid residue substitutions relative to wild type TyrRS: Tyr32, which
hydrogen bonds to the aryl oxygen  atom of the native s ubsAte tyrosine, was
mutated to Oln -, Asp 15 8, which hydrogen bonds  



to th  hydroxyl group of tyrosine, was mutated to Ala; GI u 107, which
hydrogen bonds to  Asp 15 9, was mutated to Jbr; and Leu 162, which is
located at the bottorn of the bindi ng 15 pocket, w as inutated to Pro. B
ascd on the x-ray crystal stract= of the h oirnol ogous R.
stearothennophilus TyrRS, it can he speculated that loss of the
hydrogen-bonding network  boween Tyr32, Asp 158 and substrate tyrWne should
disfavor binding of tyrosine to the  mutan t TyrRS (LWJ 16). Indeed, mutati
on of Asp 176 (which corresponds to Aspl 5 8 in M, j annaschii) of B. ste=th
ermophi I us Tyr:RS yiel ds. in acti ve enzyme (G. D. P. Gray, H.  20 W.
Duckworth, A. R. Fersht, FEBS 318, 167-71 (1993)). At the sarne time, the
Asp 15 SAN and Leu I 62Pro rn utati ans crute a hydrophobi e pocket that
allows the methyl  group of 0-Methyl-L-tyrosine to extend further into the
substrate-binding cavity. Other important catalytic residues in the active
site, which bind to the ri bose or the phGsph ate  group of the adenylatc,
were unchanged after two rounds of DNA shuffling. Detailed  25 analysi s of
these mtitafi on s awaits the three-di mensional structure of themutant
TyrRS  (LWI16). [275] Kineti c s of adenylate formati on of O-Methyl-I,
tyrosine and tyrosine with ATP  catalyzed by the mutant Ty-rRS (LWI16) were
analyzed in vitro using a pyrophosphate- exchange ass ay. Tb P_ mutant TyrRS
(LWJ 1.6) gene with six hi stidi nes at its C-termi nus 30 was cloned into
plasmid pQE-60 Qjagen, CA) to afford plasmid pQE-n1MS. Protein  was purified
by immobilized metal affinity chromatography according to manufacture's
protocol (Qi agen, CA). Pyroph osphate (M) exchange w as catTied out at 3 7
*C in a  reaction rnj xture contai ni ng 100 mM Tri sHCJ (pHM), 10 mM KF. 5
mM MgC] 2, 2 rnM 79 F CC   ~~, ~ ;lJ5 WO 021085923 PCT/U 02112465 ATP, 2 mM
laPPi, 0.1 mglniL bovine serum albumin, approximately 0.01 microCi/mL
[32P]NaPPi, and various concentrations of tyrosine or 0-methyl-L tyrosine.
Reactions  were initiated with the addition of the purified mutant TyrRS
(LW) 16), and aliquots were  periodically taken and quenched with 0.2 NaPPi,
7% perchloric acid, and 2% activated 5 charcoal. The charcoal was filtered
and washed with 10 mM NaPPi (pH2), then measured  by scintillation counting
to determine the 32P levels in charcoal-adsorbed ATP. Values of  kcat and Km
were calculated by direct fitting of the Michaelis-Menten equation using
nonlinear F :ression analysis. [2761 T:. : , 1. Kinetic parameters for the
mutant TyrRS (LWJ16) toward tyrosine and 0- 10 methyl-L-:;-rosine measured
by pyrophosphate exchange assay. Amino acidKcat Km kcatlKm (10-3s-1)(11M)(8-
1 M- 1) 0-methyl-L-tyrosine14  1443  9332 L-tyrosine1.8 t 0,25833  9020.31
[2771 The results of this analysis are shown in Table 1. The Km for tyrosine
(5833 tM  is approximately 13 fold higher than that for O-methyl-L
-tyrosine, and the kcat for  tyrosine (l.8 X 10-3 s-1) is 8 fold down
relative to that for O-methyl-L-tyrosine. Thus the 



15 value of kcatfKm of the mutant Tyrl. (LWJ1) for D-methyl-L-tyrosine is
about 100 fold  higher than that of tyrosine. The physiological
concentration of tyrosine in E. soli is about  80 p.M, which is far below KM
value (5833 kt ) of the mutant TyrRS (LWJI6) for tyrosine. Presumably, the
concentration of O-methyl-L-tyrosine in cells is comparable or  greater than
the Km (443 }.M). 20 Example 2: In vivo incorporation of L-3-
[2-nayh1hyl)alanine [278] The site-specific incorporation of a second
unnatural amino acid, L-3-(2-naphthyl)- alanine into proteins in E. calf was
accomplished. This result shows that this overall  scheme is applicable to a
host of amino acids. No synthetase specific for L-3-(2- naphthyl)-alanine
were selected from the mutant TyrRS library produced in Example 1, 25
described above. [279] An amber stop codon and its corresponding orthogonal
amber suppressor tRNA,  rntRNA,, were selected to encode the unnatural amino
acid (Wang, L., Schultz, P. G.  Chem. Biol. 8, 883-890 (2001)) . The
jannaschii tyrosyl-tRNA synthetase (TyrRS) was  used as the starting point
for the generation of an orthogonal synthetase with unnatural so 1 9 0 CT
2OG5  WO MOM PCTfUS*211265  amino acid specificity. This TyrRS does not
aminoacyl ate any endogenous E coli tl As (Steer, B. A.; Schimmel, P. J.
Biol. Cherry., 274, 35601-35 06 (1999)), but aminoacylates  the rntRNAT with
tyrosine (Wang, L.; Magliery, T. I.; Liu, D.1 .; Schultz, P. G. J. Am.
Chem. Soc., .122, 5010-5011 (2000)). L-3-(2.naphthyl)-alanine was chosen for
this study 5 since it represents a significant structural perturbation from
tyrosine and may have novel  packing properties. [280] To change the amino
acid specificity of the TyrRS so that it charges the mt iA A with
L-3-(2-naphthyl)-alanine and not any common 20 amino acids, a library  of M.
jannaschii TyrRS mutants was generated and screened. Based on an analysis of
the  10 crystal structure of the homologous TyrRS from Bacillus
stearothermophilus (Brick, P.; Ghat, T. N.; Blow, D. M. J. MoL BaoL, 208,
83-98 (1989)) five residues ('I r32, Asp's,  11e's', Leu"', and Ala' 675 in
the active site of ff. jannasc ii TyrRS that are within 7 A of  the pora
position of the aryl ring of tyrosine were mutated. To reduce the wild-type
synthetase contamination in the following selection, these residues (except
Alal,17) were 15 first all mutated to alanine, The resulting inactive Alas
TyrRS gene was used as a template  for polymerase chain reaction (PCR)
random mutagenesis with ollgonucleotides bearing  random mutations at the
corresponding sites. [2811 The mutant TyrRS library was first passed through
a positive selection based on  suppression of an amber stop codon at a
nonessential position (Asp 112) in the 20 chlpr phenicol acetyltransferase
(CAT) gene. Cells transformed with the mutant TyrR S  library and the mtRNA"
* gene were grown in minimal media containing 1 mM L-3-(2- naphthyl)-alanine
and 80 tg/mL chloramphenicol. Cells can survive only if a mutant  TyrRS
aminoacylates the mtMA h with either natural amino acids or L
-3-(2-naphthyl)- CU. alanine. The surviving cells were then grown is the
presence of chloramphenicol and the  25 absence of the unnatural amino acid.
Those cells that did not survive must encode a  



mutant TyrRS that charges the mtRNA" A with 1x3(2-naphthyl)-alanine, and
were  picked from a replica plate supplied with the unnatural amino acid.
After three rounds of  positive selection followed by a negative screen,
four mutant TyrRS's were characterized  using an in vivo assay based on the
suppression of the Asp 112TAG codon in the CAT 30 gene. In the absence of
L-3-(2-naphthy1)-alauine, cells expressing the selected TyrRS and  the
mtkNAC1J* survived in 25 to 35 gfmL chlaramphenicol on minimal media plates
containing 1 glycerol and 0.3 mM leucine ( NEAL plate); in the presence of
L-3-(2 81 WO 021085923 1 9 OCT 2000  PCT/US02/12465 naphthyl)-ala in a,
cells survived in 100 to 120 g/mL chlorampheni of on GM NM plates.  Compared
to the 15a value in the absence of any TyrRS (4 Jg/mL chIoramphenicol),
these results indicate that the selected Tyr1S's accept
L-3-(2-naphthyl)-alanine, but also  still charge natural amino acids to some
degree. [282] To further reduce the activity of the mutant TyrRS toward
natural amino acids, one  round of DNA shuffling was carried out using the
above four mutant genes as templates.  The resulting mutant TyiRS library
was passed through two additional rounds of positive  selections and
negative screens. One mutant TyrRS (SS 12-TyrRS) was evolved, whose
activity for natural amino acids was greatly reduced (IC50--9 g/mL
chloramphenicol) 10 while its activity toward L-3-(2-naphthyl)-al anine was
enhanced (I=150 glmL  chloramphenicol). [283] The results of the' above
described in vivo CAT assays using various mutant Tyr  RS are shown in Table
2. A p'-117 plasmid was used to express the mtRNAT A gene  and the
chloramphenicol acetyltransferase gene with an amber stop colon at Asp 112.
A 15 pBK plasmid was used to express TvrRS, and was catransforrned with
pY-f17 into E.  coil DHIOB. Cell survival on GNUdL plates was titrated in
the presence of different  concentrations of chloramphenicol. [284] Table 2.
In vivo chloramphenicol acetyltransferase assay of mutant T r S.  _ IC 0
(ug/mL of chloramphenical) Mutant TyrR no TvrRS  wt TvrRS After selection  S
1-TvrRS  S2-TvrRS  S3-TvrRS  S4-TvrRS  After DNA shuf in e 20 S S 12-TvrR
NoL-3-(2-naphthyI)-A!aAddL-342-naphthyl)-Ala 4 240244 



30120 30120 25Ito 35100 150 [8S] An L-3-(2-naph th yl)-al anine mutant of
mouse dihydrofolate reductase (DIIFR)  was generated and characterized to
confirm the ability of the mL NAcj, fSS 12-TyrRS  pair to site-specifically
incorporate L--(2-naphthyl)-alanine in response to an amber stop  colon. The
Tyr163 colon of the mouse DFR gene was mutated to TAG, and a His tag 25 was
added to the COOH-terminus of DR to facilitate protein purification using
Ni2+  affinity chromatography. As a positive control, wild-type M.
jannaschii TyrRS was 82 1 9 O C T 2005 WO 021085923 PCT/US02/12465
coexpressed with the mtRNA , resulting in efficient suppression of the TAG
codon with  tyrosine (Figure 4). When S SI2-TyrRS was coexpressed with the
mu tRNATI T in the  CUA presence of I rtyM L-3-(-naphthyl)-alanine,
full-length mouse DHFR was also generated  (with yield of 2.2 rtr.glL in
liquid l~rP minimal medium). In the absence of either L-3- 5
(2-naphthyl)-alanine, mtRNA * , or SS 12-TyrRS,,no full length DM was
produced. A penta-His antibody was used to detect the TIis6 tag at the
COOH-terminus of DHFR in a  Western blot. No DHFR could be detected in the
absence of each of the above three  components. [286] Tryptic digests of the
L-3-(2-naphthyl)-alanine mutant of mouse DHFR were  10 analyzed by MALDI F
I'`-I R and liquid chromatography tandem mass spectrometry to  confirm
unambiguously the incorporation of L-3-(-naphthyl)-alanine. The peptide map
of the internally calibrated digest shows a major peak at 1867.962, which is
within 3.5  ppm of the theoretical mass of the tryptic peptide
LLPEX*TGVLSEVQEEK where  represents the3-(-naphthyl)-alanine residue (Pro
164 was mutated to Tin to improve 15 the amber suppression efficiency).
Further, the interpreted tandem mass spectrum of  precursor ion at m/z
934.5, which corresponds to the doubly charged ion of the peptide of
interest is shown in Figure 5. The sequence information gleaned from the
spectrum  clearly demonstrates the site-specific incorporation of
13-(2-naphthyl)-alanine into the  ..protein. Neither peptide maps nor LC
MSIMS runs produced any indication of mutants in 20 -4 . which the
L-3-(-naphthyl)-alanine residue is substituted by other amino acids. The
signal-to-noise ratio of more than 1500 observed in the peptide maps shows a
fidelity in  the incorporation of L-3-(-naphthyl)-al anine of better than
99.89. [287] The evolved 12-Tyr1 S has the following mutations: Tyr32--+Leu3
,  Asp 158-Pro 158, IIel59-A1a159, Leul 2-Gln1 2, and A[a167- al 167. 25
Corresponding residues from B. stearother ophilus are Ty 7 (Tyr34), Asp]ss
(Asp""'),  lllea s9 (Phe"7), Leu'62 (Leu'$), and Ala' (Gltt' 9) with B.
stearorh.ermophilus TyrRS  residues in parenthesis. [288] Based on the
crystal structure of the homologous B. stearothermophilus TyrRS, the  



mutations ofTyr32- Leu32 and Asp15"Pro 158 probably result in the loss of
hydrogen  30 bonds between Tyr32, Asp 1 58, and the native. substrate
tyrosine, thus disfavoring the binding of tyrosine to SS 12-TyrRS. Most
residues are mutated to amino acids with  hydrophobic side chains, which are
expected to favor binding of L-3--naphthyl)-alanine. 83  WO 02/4S5923
PCT/US02/12445 [289] In summary, the cell growth, protein expression, and
mass spectrometry  experiments demonstrate that the mtRN y, I SS 12-TyrRS
pair is capable of selectively  inserting L-3-(-naphthyl)-alanine into
proteins in response to the amber colon with  fidelity rivaling that of the
natural amino acids. Example 3: In vivo incorporation of amino isopronyl-,
or allyl-eont inj g  tyrosine analogues [290] A FACs based screening system
was used to rapidly evolve three highly selective  synthetase variants that
accept amino-, isopropyl-, or allyl-containing tyrosine analogues.  The
system included a multipurpose reporter plasmid used for application of both
positive 10 and negative selection pressure and for the facile and
quantitative evaluation of synthetase  activity. A chloramphenicol acetyl
transferase (CAT) marker allowed positive selection  for activity of the M.
jannaschii tyrosyl-tRNA synthetase (TyrRS). A T7 polymerase/GFP  reporter
system allowed assessment of synthetase activity within cells grown in both
the  presence and absence of an unnatural amino acid. Fluorescence activated
cell sorting 15 (FAGS) was used to screen against synthetase variants that
accept natural amino acids,  while visual and fluorimetric analyses were to
assess synthetase activity qualitatively and  quantitatively, respectively.
[291] Design of an amplifiable fluorescence reporter system. Efforts to
develop a  versatile screening system for the assessment of synthetase
activity in living cells initially  20 arose out of a desire for a greater
degree of control over the selective pressure applied to populations of
synthetase variants, especially negative selective pressure. As the system
was to be used to assess the activities of large numbers of synthetase
variants, a reporter  was sought that would be amenable to high-throughput
screening, In addition, a reporter  that would alIow for facile qualitative
and quantitative evaluation of synthetase activity 25 was desired. To meet
these requirements, a fluorescence-based screen was designed. The  system
was based on the synthetase-dependent production of GFPuv, a variant of the
green fl uorescent protein that has been optimized for expression in E. call
( ameri, A.,  Whitehorn, E.A., Tate, E. & Stemmer, W.P., Nature Biotechnol.
1996, 14, 315-319). This  fluoroph ore is amenable to use in FACS and
fluorimetry, as well as visual inspection on 30 plates and in liquid
culture. The system was designed such that synthetase-dependent  suppression
of selector, e.g., amber nonsense codons would result in the production of a
fluorescence signal. In order to maximize the sensitivity of the reporter,
it was made 84 1 9 O C T 2005 WO 1)2/085923 PCT/US02/12465 amplifiable b
placement of the amber codons within the gene for T7 RNA polyrnerase,  which
was designed to drive expression of the GFPuv reporter gene in analogy to
other  



amplifiable intracellular reporter systems (Lorincz, M., Roederer, M., Diwu,
Z., Herzenberg, L.A., Nolan, G.P. cywmetry, 1996, 24, 321-329; lokarnik, i.,
Negulescu,  5 P.A., Knapp, T.E., Mere, L., Burres, N., Feng, L, Whitney, M.,
Roemer, K. & Tsien,  R.Y., Science, 1998, 279, 84-88). The T7 RNA polymer=
gene was placed under control  of the arabinose promoter in order to allow
facile optimization of the production of the  RNA transcript for amber
codon-containing T7 RNA polymerise. [2921 Optimization of the T7 RNA
polymerase/ FPuv reporter system. A medium- 10 copy reporter plastid, plP,
was designed to express amber-containing T7 RNA  polymerase variants under
control of the arabinose promoter and the GFPuv gene under  control of the
T7 promoter (Figure 6a). A series of twelve T7 RNA polymerise variants,
designed to optimize synthetase-dependent fluorescence enhancement (Figure
6b), were  inserted into pREP to create plasmids pREP(1-12). All variants
contained an N-terminal 15 leader sequence of seven amino acids (MTM1TVH)
and 1-3 amber stop codons (TAG).  Variants 1-3 contained one, two, and three
amber stop codons, respectively, substituted  for the ori ginal methionine
at position one (M1 , just downstream of the leader sequence.  Variants 4-9
contained an amber colon substituted for D 10, R96, Q 107, A159, Q 169, or
Q232, respectively, which were predicted to be located in loop regions of
the structure 20 -'(1eruzalmi, D. & Steitz, T.A., EMBO J, 1998, 17,
4101-4113). Variants 10--12 contained  amber stop codons substituted at
postions M1 and either Q 107, A15, or Q23 respectively. Plasmid constructs
were evaluated by fluorimetry and flow cytometry of live  cells for
fluorescence enhancement using a compatible plasmid containing the
orthogonal  utaminyl-t1 NA synthetase and Glutarnine tRNAcu" from S.
cerevisiae. Plasmids 25 pREP(1-12) were found to provide varying levels of
synthetase-dependent fluorescence  enhancement, with the best construct,
pREP(10) exhibiting 220-fold greater fluorescence  by fluori me try (Figure
6c) and -400-fold greater median fluorescence by cytornetry  (Figure 6d) in
cells containing the wild type synthetase versus an inactive mutant.
Substitution of a variety of functional groups at positions corresponding to
the amber 30 codons within pREP(10) demonstrate that position 107 within Ti
RNA polymerase is  highly permissive. (2931 Construction of a multipurpose
reporter plasmld. In order to construct a  multipurpose plasmid to be used
both for selecting and screening variants of a M.  jannaschii TyrRS,
plasrntd pREP(10) was combined with plastid pYC-117 (Wang, L, 85 1 r'  WO
02M5923 PCT/US02/12465 Brock, A., Herberich, B. &. Schultz, P.G,, Science,
2001, 292, 498-500) to obtain pREPfY -JY UA (Figure 7b). Plasmid
pREP/YC-JYCUA was assayed for function with  a compatible plasmid expressing
a variant of M. jannaschii TyrRS (pBK-mJYRS; Wang,  L, frock, A., Herberich,
B. & Schultz, P.G., Science, 2001, 292, 498-500) selective for 5
incorporating 0-Methyl-Tyrosine (OMY). Cells containing pREPIY -JY UA and pB
- mJYR , grown in the presence of OMY, exhibited a chloramphenicol (m) IC50
value of  120 rnicrograrns/ml, identical to that obtained using plasmid
pYC-J17, and a fluorescence  



enhanvement of 330-fold for cells grown in the presence versus the absence
of OMY, as  measured by fluorimetry. 10 [294] Evolution of the substrate
specificity of the Kjannaschli tyrosyl-t t]ltiN  synthetase. Results-have
shown that the amino acid side chain binding pocket of the  jannaschii TyrRS
can bb evolved to selectively accommodate chemical groups other than  the
phenol side chain of tyrosine (Wang, L, B rock, A., Herberich, B. & Schultz,
P.O.,  Science, 2001, 292, 498-500; Wang, L., Brock, A. & Schultz, P.G. J.
A?M Chem. Soc. 15 2002, 124, 1836-1837), We sought to further explore the
generality of unnatural amino  acid accommodation by M. jannaschii TyrRS by
challenging the enzyme to accept four  new functiottalities: p-Isopropyl
-Phenylalanine (pIF),p-Amino-Phenylalanine (pAF), p arboxyl-Phenylalanine (p
F), or O-Allyl-Tyrosine (OAT) (Figure 7b). A library of M.  jannaschii TyrRS
variants containing randomizations at positions Y32, E107, D158,1159,  20
and L162 (Wang, L, Brock, A., Herberich, B. & Schultz, P.O., Science, 2001,
292, 498 ), residues thought to form the binding pocket for the pare
position of the tyrosyl ring,  was introduced into cells containing p1 as
mid pREPIY -JY UA. These cells,  encompassing a library diversity of -10,
were used to begin four evolution experiments to  identify synthetase
variants selective forpIF, pAF, pCF, or OAT (Figure 7c). Two cycles 25 of
positive selection were carried nut by allowing the cell cultures to grow to
saturation in  the presence of Cm and one of the four unnatural amino acids.
Cell aliquots were  removed following the second cycle of positive selection
and used to inoculate a new  culture containing no added amino acid or Cm,
and the culture was again allowed to grow  to saturation, At this point,
cells that fluoresce are likely to contain synthetase variants 30 that can
accept one of the 20 natural amino acids. Approximately 108 cells from each
line  were subjected to negative screening using FACS in order to eliminate
natural amino acid- accepting synthetase variants. The non-fluorescent cells
were collected and amplified  through growth to saturation. These amplified
cells were used to inoculate a new culture  for a final cycle of positive
selection in liquid culture containing unnatural amino acid and 86 19 OCT
7005 WO 02/085923 PCT/US02/17468 Cm. Following growth to saturation, each
population of cells was plated on media containing 0, 30, 60, or 100
microgramsfmL Cm and either 0 or 1 m# of the appropriate  unnatural amino
acid. [29 Identification and characterization of evolved synthetase
variants. Cm plates  5 supplemented with pIF, pAF, and OAT produced
10-400-fold greater numbers of  fluorescent colonies than plates containing
no added amino acid. In contrast, plates for the  pCF population produced
the same number of fluorescent colonies with or without  addition of pCF.
The ten largest fluorescent colonies were picked for each of the plF,  pAF,
and OAT populations from unnatural amino acid-containing plates and grown to
10 saturation in liquid media with or without added unnatural amino acid. A
qualitative assessment of Fluorescence production was made visually with the
use of a handheld  long-wavelength ultraviolet lamp (Figure 8a). [296]
Synthetase variants corresponding to clones producing significant
differences in  fluorescence were sequenced. All ten clones from the pI and
pAF populations had 15 identical sequences, while three different clones
were identified from the OAT population.  



Amino acid changes occurred within the five randomized sites in all clones,
with the  exception of two additional substitutions within thepIF-LR1 A
synthetase (pIF-R )  variant. The activities of the different clones were
quantitatively assessed. Fluorescence was measured fluorimetrically for
cells grown in liquid culture in the presence or absence  20 =of unnatural
amino acid (Figure 8b). The Cm IC50s were determined by plating the cells
on varying concentrations of Cm in the presence or absence of unnatural
amino acid  (Figure 8c). _ [297] A myoglobin gene containing an amber codon
in the fourth position was used to  assess the production of unnatural amino
acid-containing protein. The gene was expressed  25 in cells, using the
pIF-R , pAF-RS, or MY-R vari ant, respectively, in either the presence or
absence of pIF, pAF, or OAT (Figure 8d). Protein yields were comparable for
all three variants, ranging from 1-2 milligrams of protein per liter of
unnatural amino acid- containing cell culture. In contrast, protein
production was virtually undetectable in  cultures grown in the absence of
unnatural amino acid. Proteins were analyzed by 30 clectrospray mass
spectrometry, giving masses of 18457.40O.SI (18457.28 expected)  for the
plF-containing protein, 18430.30  0.27 (18430.21 expected) for the pAF-
containing protein. Activity measurements obtained using the Cm Ise,
fluorimetry, and  protein expression analyses correlated well, however the
activity of the pIF-R appears to  be somewhat underestimated by fluorimetry.
As compared to other assays, the 87 o )2/5923 1 9 OCT 2005  PCT/US02/12465
disproportionately low fluorimetry measurement for the pEF-RS variant, shows
that T7  RNA polyrnerase may be partially destabilized upon incorporation of
the p[F analogue,  despite the apparent permissivity of the amber positions
within the reporter. [298] Utility of the multipurpose reporter system. The
reporter system described here  5 allows the use of a single multipurpose
plasmid for both positive selection and negative  screening, obviating the
need to shuttle plastids between alternating rounds of positive  and
negative selection. A total of only three rounds of positive selection and
one round of  negative screening were required to enable the identification
of synthetase variants that  selectively accept desired unnatural amino
acids. These features allow evolution 10 experiments to be carried out in a
matter of days: The screening system can be used to  readily identify active
synthetase variants using agar plates containing unnatural amino  acid and
to individually assay the amino acid specificity of the variants. [299] As
described above, the 17 RNA polymerasefGFP system can be used to
quantitatively compare the activities of synthetase vari ants. The
availability of the three  15 OAT-RS clones described here and a different
OAT-RS clone derived independently from the same lit r-ary using a
positive/negative selection based an CAT and barnase (Table 2)  allows the
possibility of comparing the two different evolution systems in terms of the
synthetase vari ants resulting from each (Figure 9). This analysis reveals
that the three  clones derived from positive selection and negative
screening exhibit slightly lower levels 20 of fluorescence in the presence
of OAT, but -10-fold lower background levels in the -- absence of the
unnatural amino acid. The fluorescence enhancement for cells grown in the
presence versus the absence of the unnatural amino acid is thus about 6-fold
higher for  



cells expressing OAT-RS(i) from selection and screening than for cells
expressing the  OAT-RS clone deri ved from positive/negative selection using
bamase. Although it is not 25 clear whether this example is representative,
these data suggest that the T7 RNA  polymerase/ FP system may allow more
stringency in selecting against synthetase  variants that are promiscuous
towards natural amino acid substrates. However, the  fluorescence
enhancement for cells grown in the presence versus the absence of an
unnatural amino acid is expected to represent a lower limit for the fidelity
of unnatural 30 amino acid incorporation, as competition of unnatural amino
acids for being bound by an  evolved synthetase variant would reduce binding
of natural amino acids. Moreover,  although high fidelity is clearly
desirable, there is likely to be a trade-off between i`ideli ty  and overall
synthetase activity, which may depend on the desired application. 88 1 9 O
CT 2005 WO 021085923 PCT/US02/12465 [3001 Generality of aminoacyl ERNA
synthetase evolution. Previous results and those presented here demonstrate
that the amino acid side chain binding pocket of the M.  ja aschii TyrRS is
quite malleable. The enzyme can be evolved to accommodate a  variety of
functionalities in place,of the phenol side chain of tyrosine and can do so
with 5 high selectivity. In this application it was demonstrated that enzyme
can be evolved to  accommodate an amine, isopropyl, or ally! ether
functionality at the Para position of the  tyrosine ring, instead of
hydroxyl. (301] Plas mid Construction. Plasmid pREP (Figure 6 a) was
constructed by insertion of  a BamHJJApal l overlap PCR fragment containing
the T7 RNA polymerase gene upstream  10 of an rrmB transcription termination
region, followed by an ApaLl/Ahdl overlap PCR fragment containing the araC
gene and ara promoter region from the pBAD/Myc-His A  plasmid (Invitrogen;
for [ranscriptiona] control of the 77 RNA polymerise gene) and the  GFPuv
gene (Clan tech; upstream of the T7 terminator region and downstream of the
T7 promoter) between the AhdJlBaml sites of plasmid pAC 0177 (New England
Biolabs).  15 Plasm ids pREP(1-12) were constructed by replacement of an
HpallApaLl fragment of T7 RNA palymerase with overlap PCR fragments
containing amber mutations at the positions  described. Plasmid pR
IYC-JYCCIA was constructed by ligation of an AfeIISacf  fragment from
pREP(10) and an Earl(blunted)/Sad! fragment from pYC-J17 (Wang, L,  Brack,
A., Herberich, B. & Schultz, P. O., Science, 2001, 292, 498-500). The
desired 20 -:construct was identified following transformation into cells
containing plasmid pQ  -= _. 'screening for fluorescence. (302] Plasmid pQ
was constructed by triple ligation of a AatT1:/SQ11 overlap PCR  fragment
containing the ScQRS downstream of the lac promoter region and upstream of
the E. coli QRS termination region, a SalllAval overlap PCR fragment
containing the S. 25 cerevisiae tRNA(CUA)o1" downstream of the lpp promoter
region and upstream of an  rrnC termination region, and the Ava1JAatl
fragment of pBR322 (New England Biolabs).  Plasmid pQD was constructed by
replacement of pQ fragment between BamHI and Bg1II  with a BamHI1B 1"II
fragment of the ScQRS (D291A) mutant. [3031 Plasmid pBADIJYAMB-4TAG was
constructed by insertion of a PCR fragment of  30 the S4Arnber mutant of
myoglobin, containing a C-terminal 6His-tag, into the pBADlYC- 



JYCUA plasmid, a hybrid of plasmid pYC-J17 (Wang, L, Brock, A., Herberich,
B. &  Schultz, P.G., Science, 2001, 292, 498-500) and pBADIMyc-His A
(Invitrogen) containing  the gene forMJYtRNACUA, and the pBAD promoter and
cloning regions for heterologous  expression of an inserted gene. 89 1 0 OCT
2005 WO 021085923 PCT/US02112465 [304] Fluorimetric and eytometrie analyses.
Single colonies containing desired  p1 as mids were used to inoculate 2,m L
GND4L cultures containing the appropriate  antibiotics, 0.002% Arabinose,
and an appropriate unnatural amino acid, if desired.  Cultures were grown to
saturation and cells (200 .L) were pelleted and resuspended in 1 5 mL
phosphate-buffered saline (PBS). Cell concentrations were analyzed by
absorbance at  600 nm and fluorescence levels were measured at 505 nm with
excitation at 396 rim using  a FluoroMax-2 fluorimeter. Cells suspended in
PBS were analyzed cytometrically. To  evaluate the permissivity of the amber
positions within the TI polymerase gene of  pREP(10), the reporter plasmid
was transformed into a panel of suppressor strains, which 10 were
subsequently analyzed fluorimetrically. [3051 Evolution of aminoacyl-tRNA
synthetase variants. M. jannaschii Tyre vari ants randomized at ppsitions
Y32, E107, D159,1159, and L1 2 (Wang, L, Brock, A.,  Herberich, B. &
Schultz, P.G., Science, 2001, 292, 498-500) were transformed into DH IWB E.
soli cells (Life Technologies) containing PREP/Y-JYUA to generate. a 15
library with a diversity of -109. Transformants were allowed to recover in
SOC medium  for 60 min at 37, and were grown to saturation in LB medium, To
begin an initial  positive selection, 2 mL of library culture, pelleted and
resuspended in MMIL medium,  was used to inoculate 500 mL of GMNU.
containing 25 IL glmL Tetracycline (Tet), 35  pglmL Kanamycin (1 n), and I
rnM pIF, pAF, per, or OAY. After incubation for 3 hr at 20 3.7C, Cm was
added to a final concentration of 75 { glmL and cells were grown to
saturation (-4 hr). For the second positive selection, a 100-mL GNUdL
culture containing  Tet. I{n, 75 A g/rnL Cm, and I rnMpTF, pAP, pCF, or OAY
was inoculated with cells from  the initial positive selection (500 AL) and
grown to saturation at 3740 (-24-36 hr). In preparation for negative
screening, a 25-mL Cam. culture containing Tet, n, and 25 0.02% arabinose
(Ara) was inoculated with cells from the second positive selection (100  it
L., pelleted and resuspended in GNIML) and grown to saturation at 37'C (-24
hr). Ara- induced cells grown in the absence of unnatural amino acids (1
rnL) were pelleted and  resuspended in 3 mL of phosphate-buffered saline
(PBS). Cells were sorted for lack of  expression of GFPuv using a BDIS FA
antage T SO cell sorter with a Coherent 30 Enterprise II ion laser with
excitation at 351 nm and emissions detected using a 575125 nm  bandpass
filter. Collected cells were diluted in at least 10 volumes of LB,
containing Tet  and Ka, and grown to saturation. To begin the third round of
positive selection, 100 AL of  cells from the negative screen were pelleted,
resuspended in GMIvIL, and used to inoculate  25 mL of GM ML containing TO,
Kn, and 1 mM pIF, pAF, pt , or OAY. After 90 1 9 O C H005 WO 02/085923 



PCT/US02/12465 incubation For .3 hr at 37C, Cm was added to a final
concentration of 75 pg/rL and cells  were grown to saturation (-24 hr).
Following the third positive selection, cells were plated  on CiMIM agar
containing Tet, Kn, 0.002% Ara, 0, 75, or 100 tg/mL Cm, and 0 or 1 mM  pIF,
pAF, pCF, or OAY, and grown for 48 hr at 37. 5 [306] Expression and
characterization of unnatural amino acid-containing proteins.  DH10B cells
cotransformed with pBADJJ AMB-4TAG and the appropriate pBK plasmid  were
used to inoculate a 100-mL W -. starter culture containing Kn and Tet, which
was  grown to saturation. A 500-mL culture containing Kra, Tet, 0.002% Ara,
5 pM FeCJ3, and  the desired unnatural amino acid (or none) was inoculated
with 50 rnL of the starter 10 culture and grown to saturation (-18 hr).
Cultures were pelleted, sonicated, and the rn yoglobin protein isolated
according to the protocol of the QiaExpressioni ( iagen)  His-tag
purification kit. E roteins were analyzed electrophoretically on a 12-20%
gradient  SDS polyacrylamide gel and by electrospray mass spectrometry.
Example 4: Creation of an autonomous 21 amino acid bacterium 15 [307] As
described above, the common twenty amino acids are conserved across all
known organisms. However, an expanded genetic code is provided herein, e.g..
for added  functionality, structure determination and the like. To determine
whether the expanded  genetic code is advantageous to a cell, e.g.. with a
particular unnatural amino acid, an  autonomous bacterium that produces and
incorporates the unnatural amino acid of interest 20 is desirable. The
present invention provides such an autonomous twenty-one amino acid
organism, and the results can be extended to the production of additional
amino acid  organisms, e.g., 22 amino acid organisms and the like. To
produce an autonomous  bacterium, three factors are typically considered:
(i) the ability to synthesize a new amino acid from simple carbon sources;
(ii) an arninoacyl synthetase that uniquely utilizes this  25 new amino acid
and no other; and (iii) a tRNA that is acylated by that synthetase and no
other, and which delivers the amino acid into proteins in response to a
codon that does not encode any other amino acid. [308 A great deal of effort
has been made toward in vivo incorporation of new amino  acids to the
genetic code but most of these do not have the incorporation specificity to
30 generate a healthy 21 amino acid bacterium. See, e.g., Hest, J. . .v.,
K.L. Mick, and  D.A. Tirrell, J. Am. Chem. Soc., 2000. 122: p. 1282;
Hamano-Takaku, F., et al., J.Biol.  Chem., 2000. 275: p. 40324; and Budisa,
N., et at., FA.SEB J., 1999. 13: p. 41-51.  However, it has recently been
shown that that one could add new components to the 91 19 OCT 2005 WO
02/G85923 PCT/US02/12465 translational machinery of E. coli and
site-specifically+ incorporate a variety of new amino  acids into proteins
in viva, c. g., with high fidelity. See, e.g., Wang, L., et al., Science,
2001, 292: p. 498-500 and Wang, L. and P. G. Schultz, Chem. Comm., 2002:
p.I-10. See,  also, co-filed patent application "Methods and Compositions
for the Production of 5 Orthogonal tRNA-tRNA synthetase Pairs,,, by Schultz
et al. {Attorney Docket Number  54-000130), filed April 19, 2002. [309] The
present invention combines the above technology with a biosynthetic pathway



system to produce an autonomous twenty-one amino acid bacterium. In
addition, the  present invention addresses the question of whether such
organisms have or can be 10 evolved to have an evolutionary advantage over
organisms that use the twenty natural  amino acids. [310] A completely
autonomous bacterium typically comprises a biosynthetic pathway  system,
e.g., for producing an unnatural amino acid, and a translation system for
incorporating the unnatural amino acid into one or more proteins in the
bacterium. The 15 translation system typically comprises an aminoacyl
synthetase that uniquely utilizes this  unnatural amino acid and no other,
and a tRNA that is acylated by that synthetase and no  other, and which
delivers the unnatural amino acid into proteins in response to a codon  that
does not encode any other amino acid. In one embodiment, the biosynthetic
pathway  system genes, arninoacyl synthetase genes, and tRNA genes are
typically positioned on 20 'separate plasmids to maximize control of the
modified bacteria. ':.1311] In one example, the unnatural amino
acid,p-arrunophenylalanine (pAF), is  biosy+ntheticall y produced and
incorporated into proteins in vivo. pAF is optionally  selected as a
unnatural amino acid for an autonomous cell, e.g., based on its interesting
physical properties, e.g., it donating effects, hydrogen bonding properties,
and weak 25 basicity its lack of toxicity to E. coli, and the fact. that it
is a known secondary metabolite.  Moreover, the genes that lead to the
production of pAF as a metabolic intermediate in the  production of
chloramphenicol and pristinamycin have been identified in Streptomyces
enezwelae and $trepromyces pristinaespiralrs, respectively. See, e.g.,
Yanai, K. and e.  al,, Streptomyces verse elae genes papA , papa, papC, in
PCT Int. Appl. 2001, Meiji  30 Seika Kaisha Ltd.: Japan. p. 1-83; and Blanc,
V., et al., Identification and analysis of genes from.Streptomyces
pristirtaespiralis encoding enzymes involved in the biosynthesis  of the
4-dimethylariirfo-L phenylalanh a precursor of pristinamycin I. Molecular
Nficrobiology, 1997. 23(2): p. 191-201 As discussed above, pAP is optionally
92 WO 02J085923 19 OCT 2005  PCT/US02/12465 synthesized in E. coii from
chorismate 2 (a biosynthetic intermediate in the synthesis of  aromatic
amino acids) using the S. Veneuelae enzymes PapA, papB, and PapC together
with an E. colt aminotrasferase. A plasmid, e.g., as provided in Figure 15A
is optionaly  used to transform a cell to provide a cell that synthesizes
its own supply of pAF invivo. 5 An example plasmid for use in the
biosynthesis of pAF in vivo is provided by SEQ. ID.  NO.:67. SEQ ID NO.:68
provides the sequences for the individual genes papABC that  encode the
enzymes that are used to carry out the conversion of chorismate to pAF.
[312] Once a cell is modified to produce an unnatural amino acid, e.g., pAF,
O-methyl- L-tyrosine, a glycoslyated amino acids, L -dopy or the like, the
cell is also typically 10 modified by the addition of a translation system
for incorporating the unnatural amino acid  into one or more proteins within
the cell, The translation system is typically provided to  the cell via a
separate pl4smid than that by which the cell is modified to contain the
biosynthetic pathway system as this allows closer control over the functions
of the plasm ids in the cell, e.g.., regarding the number of copies,
promoters, etc. 15 [313] The translation machinery typically comprises an
orthogonal tRNAIRS pair, e.g.,  



as provided by co-filed patent application "Methods and Compositions for the
Production  of Orthogonal tRI A-tRNA Synthetase Pairs," by Schultz et al.
(Attorney Docket Number  54-000130), filed April 19, 2002. For example, an
orthogonal tRNARS pair for pAF is  optionally progenerated using a
Methanococcus jannaschii tyrosyl-tRNA synthetase 20 .. -(TyrRS) and mutant
tyrosine amber suppressor tRNA (m[RNAT" ) pair as a starting point. See,
e.g., Wang, L., et al., A new functional suppressor tRlAlaminoacyl-tRNA
synthetase pair for the in vivo incorporation of unnatural amino acids into
proteins. J Am.  Chem..Soc., 2000 122: p. 5010-5011; and Wang, L. and R G,
Schultz, Chem. and Biol.,  2001, 8.883. 25 [3141 For example, a pAF specific
synthetase (pAFRS) is optionally generated by  modifying the amino acid
specificity of the M. jannaschii TyrRS to accept pAF and not  any of the
common twenty amino acids. See, e.g., Wang, L., et al., Expanding the
genetic  code of Escherichia coil. Science, 2001, 292: p. 498-500; Wang, L.
and P.G. Schultz,  Expanding the Genetic Code. Chem Comm., 2002: 1:1-10; and
Wang, L., A. Brock, and 30 P.G. Schultz, Adding I.3-(2-naphthy+l)alanine to
the genetic code of E. coli. J. Am. Chem.  Soc., 2002. 124: p. 1836, A
combination of positive selections and negative screens are  optionally used
to identify a pAFrs enzyme from a library of TyrRS variants containing
random amino acids at five positions, e.g., Tyr32, Glu 107, Asp15S, Ile 159,
and Leu162. 93 1 9 OCT 2005 WO 02 85923 PCT/US02/12465 A single reporter
plasmid is optionally used for both selection and screening, e.g., as
describ in co-filed patent application "Methods and Compositions for the
Production of  Orthogonal tRNA-tRA Synthetase Pairs," by Schultz et al.
(Attorney Docket Number  54-000130), filed April 19, 2002. The positive
selection is typically based on suppression 5 of a TAG colon at a permissive
position within the chloramphenicol acetyltransferase  (CAT) gene. (see,
e.g., Wang, L., et al., Expanding the genetic code of Escherichia coli.
Science, 2001, 292: p. 498-500 and Pasternak, M., T.J. Maglicry, and P.O.
Schultz, A new  orthogonal suppressor tRNAlaminoacyl-tRNA synthetase pair
for evolving an organism  with an expanded genetic code. Helvetica
'hemicaActa, 2000 83: p. 2277), e.g., by either 10 pAFor an endogenous amino
acid. Cells containing the TyrRS library and reporter  plasmid grown in
liquid culture containing pAF are typically selected for survival, e.g., in
the presence of chloramphenicol (Cm). The negative screen based on
suppression of two  UAG stop cordons at permissive positions within the T7
RNA polymerase gene drives the  expression of green fluorescent protein ( ).
Positively selected cells grown in the 15 absence of pAF and Cm, are then
typically screened, e.g., using fluorescence activated cell  sorting (FAGS)
for the lack of fluorescence. [315) Fvo(ration of pAFos: The reporter
plasmid, pREP(2)/Y -JY UA, contains the  genes for CAT, T7 RNA poi ymerase,
COP, and mtRNA A , and a selectable marker for  Tet resistance (Santoro
unpublished results), The CAT gene contains a TAG colon 20 substitution at
position D11 . The T7 RNA polymerise gene contains a seven-amino acid
N-terminal leader peptide and TAG substitutions at MI and Q 107. For the
positive  selection, cells were grown in file. minimal media containing 35
Cg/ml Fin, 25 i gIml  Tet, 75 pIIml Cm, and 1mM pAF (Sigma . For the
negative screen, cells were grown in  



G1 M. media containing 35 ugfml Kn, 25 tglml Tet, and 0.002 % arabinose,
FACS was 25 carried out using a BUTS FACVarrtage TO cell sorter with a
Coherent Enterprise II ion  laser. The excitation wavelength was 351 nm and
emission was detected using a 575125  nm bandpass filter. Collected cells
were diluted into at least 10 volumes of LB, containing  Tet and Kn, and
grown to saturation. [316] Addition of pAF biosynthetic pathway :The papA,
papB, and papC genes were  30 PCR amplified from S. Venezuele (ATCC 10712)
genomic DNA. Genes, papABC were  assembled by overlap PCR and inserted into
a.p pS~C deri ved plasmid, pLASC, and  maintained by ampici 11 in selection.
Ribosome binding sites (rbs) were from the 5' UTR of  Lac, malE, and cro and
placed prior to papA, papB, and papC, respectively. The 94 19 OCT 2005  WO
02/085923 PCT/US02/12165 papABC genes were placed under control of lac and
lpp promotar to afford two pathway  plasmids pLAS -lacPW and pLASG-lppPW.
[317] Testing pAF biosynthesis with pAFRS. E. soli DHIOB cells harboring
three  plasmids, the reporter plasmid (p1 EP()!Y -J CUA), the synthetase
(pAFRS), and the 5 pathway plasmid (pLASC-lacPW or ALAS -lppPW) were grown
to saturation in GMML  minimal media (pLASC was used for background, no pAF,
and I to exogenous pAF  trials). DH10B was grown with no plasmids to
determine the background suppression  level of the reporter plasmid. A
sample of each cell growth was diluted to an OD of 1.0  (600 nm) with water
and 200 AL was pelleted. Cell were suspended in I mL I% PBS and 10 analyzed
using a Fluoromax-2 fluorescent detector (excitation wavelength was 351 nm
and a peak emission at 505 non was monitored), DHIOB produced 1.0 x1O 4
fluorescent  units, while background,fluorescetrce (no pAF added) from the
reporter system produced  2.5 x10 4 fluorescent units. The lacPW, lppPW, and
I rnM exogenously added pAF  produced 7.9 x10 4 , 10 x 10 b , and 3.0 x10 4
fluorescent units, respectively. Induction of 15 the lacPW with IPTG was not
feasible due its inhibitory affect on the arabinose prornotor  in the
reporter plasmic, (pREP(2)[YC-J UA). [318] Aromatic amino acid concentration
: E. soli DH1OB cells harboring the pLASC  plasmid and pL.AS C-lacPW or ALAS
-lppPW were grown in GMML minimal media (1%  glycerol, 0.3mM leucine)
containing 110p g/ml arnpicillin to saturation. Cells grown with 20
'-exogenously added pAF contained 1 mM amino acid at the start of the
growth. Cells were  harvested by centrifugation -(100 ml), washed, I ml of
water and 0.2 ml of toluene was  added, Cells were shaken at 37 *C 1Ifor 30
minutes and then separated by centrifugation.  The aqueous Iarer was
filtered (microcon YM-10) and analyzed by HPL-MS (Agilent  1100): 5-15 pL of
the aqueous layer separated on Zorbax SB-CIS column (5 gm, 25 4.6 150mm)
with a gradient of water 1. % TFA laceetonitrile 1 % TFA (95:5) to (5:95)
over  10 minutes. Amino acids were identified by abstracting their MW(+1)
from the total ion  mass spectrum. The area of the abstracted ion was used
to calculate amount of amino acids  present in each sample. Cellular
concentrations were based on the amount of water in the  cell pellet, 70% by
mass, 30 [3191 Expression of protein containing pAF: Plasmid pBADJJYAMB-4TAG
with  tetracycline resistance was used to express the Tyr CUA mutRNA gene
under the control  of the ]pp promotor and zmC terminator, and the myoglobin
gene (with an amber stop  



codon at Ser4) under the control of the arabinose promotor and nnB
terminator. A his6-tag  was added to the carboxy terminus of myoglobin. The
TyrR and pAFRS genes were 95 1 0 rtiri 7gii WO 021085923 PCT/US02/12465
expressed under the control of the E. coli GInRS promotor and terminator on
a pBR322  derivatived plasmid with kanamycin resistance. The papABC genes
were expressed from  pLASC-lacPW or pLASO-lppPW (13) under the control of
the native terminator. E. coli  DH10B cells harboring plasmid pBADITYAMB-4TA
, pEK-TyrRS or pBI(-pAFRS , and 5 a pLASC derived p1asmid (pLASC,
pLASC-lacPW or pLAS -lppPW as indicated) Pere  grown in 0.5 L of minimal
media containing 0.002 % arabinose. Expression trials with  exogenous pAF
contained a final concentration of 1 mM pAF (Sigma). For all trials, ceIls
were grown to saturation ("0-3O hrs) in parallel at 37 'IC, pelleted. and
protein was purified  by Ni +2 affinity chromatography according to
manufacturer's protocol under native 10 conditions ( iagen, Valencia, Ca).
Fifteen Al of final protein solution (3.5 ml) from each  preparation were
separated on a 12% SDS polyacrylamide gel and silver-stained. i  Example 5:
In vivo Incorporation of -methyl-L-tyrosine in an E. colt cell  which has
been eenetleally engineered to biosynthesize the unnatural  amino acid 15
[320] As discussed herein, one aspect of the invention is biosynthetic
pathways for  unnatural amino acids in E, cola. This is accomplished by
e.g., addition to the cell of  genes for new enzymes or modification of
existing E. soli pathways. In this example, E.  soli was genetically
engineered to produce the unnatural amino acid O-methyl-L-tyrosine.  {321]
Plant 0-methyltransferases are enzymes involved in secondary metabolism,
which 20 converts a hydroxyl group into a methoxyl group. Two enzymes,
(iso)eugenol 0- methyltransferase (JEW) and caffeic acid O-methyltransferase
(COW) (larkia  brewery) were selected for incorporation into E. Coll. JEMT
methylates  eugenollisoeugenol, and COMT methylates caffeic acid. The
substrates of these two  enzymes are similar to tyrosine. However, both
enzymes have high substrate specificity  25 and methylation
regiospecificity. [322] A combinatorial approach was used to evolve the
substrate specificity of both  enzymes to tyrosine, thereby converting
tyrosine to O-methyl-L-tyrosine. Active sites of  the proteins were mutated
to produce large mutant libraries and several rounds of selection  were
completed, Three clones were identified. The clones are characterized and at
least 30 one is selected to generate an E. cob strain that biosynthesizes
O-methyl-L-tyrosine, This  strain of E. colt is genetically engineered to
also express the orthogonal tRNA/RS pair  described in Example 1 above,
thereby providing a cell for autonomous in vivo  incorporation of an
unnatural amino acid. 96 19OCT2I .5 WO 021085923 POTIG502112465 Example 6:
In vivo incorporation of heavy atom amino acids [323] Structure-guided drug
discovery has historically been a slow, laborious process  



used in only a modest fraction of drug discovery programs in the industry.
One bottleneck  is the phase problem encountered when using X-ray
crystallography to solve protein 5 structure. Typically, the protein has to
be expressed again in the presence of  seleriomethionine, which doubles the
work load and may not necessary result in successful  crystallization. An
alternative method is to soak the crystal in a heavy-atom-containing
solution, which may result in crystal crush. In vivo incorporation of
heavy-atom  containing unnatural amino acids into proteins is a useful tool
to accelerate the solving of  10 protein crystal structures. [3241 The site
specific in vivo incorporation of ofp-iodo-phenylalanine and p-bromo-
phenyla] anine into proteins was performed. Iodine and bromine are heavy
atoms, and the  incorporation facilitates solving of phase using MAD, The
site-specific introduction of  heavy atoms using unnatural amino acids also
provides selectivity and flexibility in 15 choosing positions for heavy
atoms. [325] Mutant synthetases with specificities for p-iodo-phenylalanine
and p-bromo- phenylalanine, respectively, were generated following the
methods and compositions  described in Example 1. The protein Z domain (B.
Nilsson, et al, Protein En g. 1:107-113  (1987)) was expressed, in which
bromine or iodine was selectively introduced in the form 20 of p-i
odo-phenyl alanine and p-bromo-phenylalanine using in vivo incorporation of
the  unnatural amino acids. Protein crystal trays were set up following
standard protocols.  [3261 The three dimensional structure of the protein is
solved using X-ray  crystallography; the phase is determined using the heavy
atoms present in the protein. Example 7: In vivo incorporation of meta
tyrosine anal es 25 [327] An orthogonal TyrRS was generated for
aminoacylation of the mtRNAT A  (described in Example 1) with meta-tyrosine
analogues. [328] Preparation of mutant TyrRS library plasmlds. A library of
plasmids encoding  mutant M. jannaschii TryRSs directed at meta-substituted
tyrosine derivatives was  constructed, generally following the methods
described in Example 1. Briefly, six 3U residues (Tyr32, Ala67, His7o, Gln
5, Asp15 Ala'67) in the active site of M. jannaschii  TyrRS that are within
6.9 A of the n eta-position of the aryl ring of bound tyrosine in the
crystal structure of Bacillus slearothennophidus TyrRS were mutated to a]120
amino acids 97 1 9 OCT 2005 WO 021085923 PCT/U 021124G5 at DNA level using
the NNK coden scheme as described in Example 1 above. The  constructed
plasmid library pBK-lib contained around 1x10? independent clones. [329]
Evolution of orthogonal tRNA-synthetase pairs for incorporation of m-acetyl
phenylalanine. After 3 rounds of positive selection and 2 rounds of negative
selection, 5 five candidate clones (SEQ ID N: 17.21) emerged whose survival
in chloramphenicol  was dependent on the addition of the unnatural amino
acid. In the absence of m-acetyl  phenylalanine., the l so of
chloramphenicol resistance for cells harboring the one of the  three mutant
TyrRS plasmids is 20 Vg/ml. In the presence of m-acetyl phenyl a] anine, the
I 50 of resistance to chloramphenicol for the same cells is 100 Wml. The
large difference  10 between these tiro numbers reflects the ability of the
selected synthetases to specify the  incorporation of m-acetyl phenylalanine
over the natural amino acids in the cell. The data  



for m-methoxy ph en yl a] nine were similar; five clones were isolated (SEQ
ID NO 22-26).  [3341 Protein expression of unnatural amino acid incorporated
DHFR. The rn- methoxy phenylalanine and m-acetyl phenylalanine synthetases
selected above were used 15 to incorporate the relevant unnatural amino : -~
ds in response to an amber colon in DH.FR  as previously described in
Example i above. As a negative control, cells containing both  the
orthogonal pair of tRNA-synthetase and amber-mutant vector encoding DIFR
were  grown in the absence of unnatural amino acids. The results of protein
expression are  shown in Figure 10. These results clearly demonstrated the
specificity of the orthogonal 20 pair of tRNA-synthetase to incorporate
unnatural m-methoxy phenylalanine and m-acetyl  phenylalanine. The yields of
expressed DHFR protein are approxxrately 0.5 mg)L of  culture in both cases.
[331] Utilizing meta-acetyl phenylalanine as a chemical handle, The
rn-acetyl  phenylalanine incorporated DIIF'R protein was labeled with
hydrazine derivatives, both  25 extra-cellularly and intra-cellularly at a
milligram scale. The carbonyl group will react rapidly with hydrazide in
aqueous solution to form hydrazine that is stable under  physiological
conditions (hao, J.; Tam, J. J. Am Chem. Soc. 117, 3893-3899 (1995)).  This
chemistry has been used by Schultz and coworkers to specifically label a
ketone  containing, puri fied T4 lysozyme with fluorescein hydrazide
(Cornish, V. W.; Hahn, K. 30 M.; Schultz, P. G. J. Am, Chem. oc. 118,
8150-8151 (1996)). [332] Purified m-acetyl phenylalanine-incorporated DHFR
protein was treated with  fluorescein hydrazide in aqueous buffer. As a
control in parallel, a purified m-methoxy  phenylalanine-incorporated DHFR
protein was subjected to the same reaction conditions. 98 19 D;lj'l 20G5 WO
021085923 PMURV12465 After the reaction, both proteins were purified Find
then excited at 491 nm to obmin  fluorescen ce erm ssi = spectra shown in Fi
gure 11. Un der i dentical. con di ti oils, the  purified m-acetyl phen y1al
anlne,-i neorporated DIffR was labeled wi th fluorescein h ydrazide while
m-rnethoxy phen yl al anine was not labeled. 5 [3331 The fluorescein
hydrazide is eel]- permeable- and does not lyse. cellg at 4 *C. Thus,  it is
possible to Iabel the m-acetyl phenylalanine-i ncorporated DBFR protein
intra celIularIy with fluorescein hydrazide. Cells expressin g the "ketone
handle'-incerporated  DEM were incubated with fluorescein hydrazide
solution. After 36 hours at 4 'C and  extensive washes to remove exce-ss
fluorescein hydrazide, the labeled DHM protein was 10 pu d fied an d
subjected to fi uamcence emission tests. As a negative control in paral lel,
m- Methoxy Phetlylalanine-incorporated DHFR was also purified with the same
procedures. SimiIar results to the extraceIlular experiment (Fi gure 15)
were obtained when intact cc] Is  we re labeled with fluorescein h ydrazi de
and the DHFRs were subsequently purified,  1334] These experiments
demonstrated ont example of the utility of a protein with at 15 le-ast one
unnatural arnino acid. Other compounds can be used to in vivo label proteins
w ith at I east one unnatural arr~ no acid. Ex amples incl ude, e.g., biotin
hydrazi de and other  hydrazide derivatives. Example S. In vivo i
ncuroorallon or vholoreactive amino acids 13351 In trod uction: Ex peri
ments were performed j n which photocrc Winker amino 



20 acids werc genetically encoded and site specifically incorporated into a
specific protein in  A vo, Thi s protein was then cross linked at will by
excitatj on of th e photGreacti ve group- providing temporal coTitrol. [3361
'n is i nventi on i s useful for, z. g,, explori ng protein intrracti ons.
For ex ample, thi s  in vr-nti on i s useful for definin g resi does in the
protei n primary sequence that mediate 25 in teraction with di fferent eel
lul ar c omponents by varying the positi on of the cross] inker in  the
protein. Because a covalent bond is formed between the protein and the
molecule it  interacts with it is'possible to detect weak or transient
interactions. [3371 Two chcrr~cal functional groups have gained prominence
as crosslinkers, aryl- azides and benophenones since they can be activated
at wavelengths above 300 nm  30 below which protein damage via
photooxidation. may be a problem). These two cross) inki ng Woups were been
i nc orporated into the unn atural amin o acids P-azi do- phenylalanine and
p-benzoyl-phenylalanine respectively (Figum 12). 99 WO 02/085923
PCT/US02/12465 [333] Generation of O-RS specific for photocrosslinlcer amino
acids. The orthogonal  pair described in Example 1, Methanocaccus jannmchii
mtR A & /TyrRS pair was used  as the starting point to generate an O-RS
specific for the crosslinker-unnatural amino acid  p-azido-phenylalanine
(pBpa). The methods for mutagenesis, screening and selection 5 were
performed following the experimental outline described in Example 1,
Briefly, a  MjTyrRS library of mutants was generated in which five residues
(Tyr 34, (lu 107, Asp  158, Ile 159, Leu 162) were randomized. These
residues were chosen on the basis of the  crystal structure of Bacillus
Slearothernzophilus TyrRS complexed with tyrosyl adenylate  (P.$rick,
T.N.Bhat & D.M.Blow Journal of Molecular Biota ,,y 208, 83 (1989)) in which
10 homologous residues (Tyr34, Asn123, Asp17 , Phe177, Leu180) are within 6
A of the  pars position of the aryl ri ng of bound tyrosine. The mutant
TyrRS library was passed  through a positive selection based, on suppression
of an amber stop codon at a permissive  site (Asp 112) in the
chloramphetticol acetyl transferree (CAT) gene. Cells transformed  with
thesynthctase library, and the CAT mutant were challenged to grow in the
presence 15 of ImMpBpa and chlorarnphenicol. Surviving cells contained
synthetases capable of  charging the orthogonal mtRNA U with either a
natural or unnatural amino acid. These synthetase genes were transferred
into cells containing mtRNAc TI, and a variant of the LIA gene encoding the
toxic barnase protein, which contains three amber mutations at  permissive
sites (Gln2, Asp44,Cly )(Wang, L., Brock, A., Herberich. B, & Schultz, P. G.
20 Science 292, 498-500(2001)). Growth of these cells in the absence of pBpa
selected against synthetases capable of utilizing natural amino acids. [339]
After five- rounds of positive and negative selection the surviving
synthetase  plasmids were transformed into a reporter strain in which the
production of fulI length  CAT and T7 RNA polymerase (T71AP) are dependent
on suppression of amber stop 25 colons in the CAT and `I7 RNAP gene,
respectively (Santoro SW, Schultz PG. ]r roc at]  Acad Sci U SA Apr 2;
99(7):4185-90 (2002)). Because the T7 RNAP drives expression of  the green
fluorescent protein (GFP) these cells can be fluorometrically screened.
Ninety- six clones were screened for pBpa dependent chloramphenicol
resistance and GFP  



fluorescence. Six distinct synthetases conferred Ile chloramphenicol
resistance on E.coli 30 with I50s of 120 rngfL and 5 mg/L in the presence
and absence of 1mM pBpa  respectively; they also showed pBpa dependent FP
fluorescence. The large difference  between the chloramphenicol resistance
in the presence and absence of pBpa shows a 100 WO 02/{J55923 1 OCT 2005
PCT/US02/1246i5 substantial vivo specificity of the selected synthetaseltRNA
pairs for insertion of pBpa  over all twenty natural amino acids found in
the cell in response to an amber codon.  [340] In vivo incorporation of papa
into rnyoglobin. To measure the fidelity and  efficiency of pBpa
incorporation, the codon for Ser4 in sperm whale myoglobin 5 (containing a
C-terminal Ms6 tag) was converted to an amber codon. In the presence of
both Mj p-BpakS-1, mtRNA A and pBpa , full length rnyoglobin was produced
with a  purified yield of 2 mg/L. No myoglobin protein was detectable by
silver stain or Western  blot against the terminal His tag on myoglobin if
any of the three components responsible for specific amber suppression with
pBpa (amino acid, synthetase, or tRNA)  10 were withheld. This data provides
further evidence that the selected synthet,ase is very selective for pBpa.
[341) Electrospray-ionisation ion trapmass spectrometry of the mutant
myoglobin gave a  mass of 18519 t 0.5 which is identical to the calculated
mass of 18519.0 for the pBpa  containing protein. This confirms the
incorporation of pBpa at a single site in the protein. 15 No masses were
observed in the mass spectra corresponding to natural amino acid
incorporation providing additional evidence for the high fidelity
incorporation of pBp .  [342] Sequence analysis of mutant O-RS. no selected
synthetases show interesting  sequence convergence. Tyr32 of M. jannaschii
TyrRS is converted to alanine or glycine  in five of the six mutant
synthetase clones. Asp158 of the M. jannaschii TyrRS is 20 converted to
threonine in five of the six selected mutants, while Ile] 59 is converted to
senne in four of the six mutants. Serino or praline substitutions dominate
at position 107  of jannaschii TyrRS; Leu16 2 is conserved in four of the
six mutants. A consensus set  of mutations (32:Gly, Ala/ 107:Ser, Prat
158:Thr1159: Ser116: Leu) emerges from this  analysis. ,. 25 [343] In vivo
incorporation ofpBpa into ST. To demonstrate the utility of this
methodology for mapping protein-protein interactions, a cosslinlCing
experiment was  carried out with glutathione-S-transferase. This protein is
a direr of two identical  subunits which have previously been crosslinked
non-specifically using gluteraldehyde.  The crystal structure of the dimeric
Schis:osoma Japonica glutathione-S-transferase 30 (SJ ST) (McTigue, M. A.,
Williams, D. R. & Tamer, J, A. Journal of Molecular Biology  246,
21-27(1995)) was used to identify two sites to substitute with pBp : residue
Phe52,  which is buried in the dimer interface of the crystal structure, and
residue TyrRS which is  solvent exposed. The codons corresponding to Phe52
or Tyr 198 in the gene for a 27 kDa 101 WO 02/085923 PCT/US02/i24& protein
Sj T, were replaced with amber codons. The orthogonal synthetase RNA pair  



was then used to site specifically incorporate papa into SjST in E. cola' at
these sites.  Upon irradiation with long wavelength ultraviolet radiation,
purified SJGST was converted  to a covalently linked homodimer as judged by
denaturing SDS PAGE. Approximately 70 5 % of the SjGST present was
crosslinked in 5 minutes. In contrast, control experiments  using either
wild type Sj T or SjGST containing pBpa at residue 198, which lies outside
the dimer interface, shows no detectable cross] inking in response to U
irradiation. (344] These results demonstrate that site-specific pBpa
substitution can be used to  define amino acids involved in a
protein-protein interaction. 10 [345] Characterization of Mutant Synthetases
Individual synthetase clones in  Df110B1 pREP(2)IY-JYUA were used to
inoculate 0.5 rrxL of LB supplemented with  kanamycin and tetracycline to
30, 20 mg/L. After 20 hours growth (37L, 300 rpm) cells  were diluted 10 4
fold in dTi 20 and replica spotted on two sets of GM v[L plates. One set of
plates were supplemented with kanamycin and tetracycline at 30 and 20 n
icrograms/L, 15 respectively, and chIaramphenicol. at concentrations ranging
from 0 micrograms/L to 110  microgramsfL. The second set of plates were
identical to the first, except that they were  supplemented with 1 mM pBpa .
After 48 h the Icso of ch loramphen icol resistance in the  presence and
absence of pBpa was calculated from the concentration of chloramphenicol  at
which half the number of colonies on the plates with no chlorarnphenica]
were visible.  20 (FP expression in the presence and absence of pBpa was
imaged using a Storm phosphoim ager(Molecular dynarrmics). Mutant synthetase
genes exhibiting the strongest  amino acid dependence in both FP signal and
chloramphenicol resistance were isolated  and sequenced by standard methods.
[34] Protein Expression Plasmid PYISjOTmut1 which contains the mutant SjGST
25 gene on an arabinose promoter and rrnB terminator, and mtRNAc jA on a lpp
promoter and rmC terminator, and a tetracycline resistance marker was
co-transformed with a pBK  vector expressing p-BpaRS into DHIOB ).coll.
Cells were amplified in 10 mL of 2x-YT  containing kanamycin at 30
micrograrns/L and tetracycline at 25 micrograrnsIL before  being washed in
PBS and used to inoculate 1 L of liquid GMML with the appropriate 30
antibiotics and pBpa to 1 mM. Protein expression was induced at an OD600 of
0.6 by the  addition of arabinose to 0.2% followed by 5 hours growth. Cells
were harvested by  centrifugation and protein was purified by virtue of a
C-terminal hexa-histidine tag using  Ni-NTA affinity chromatography. 102 1 9
OCT 2005 WO 02}085J23 PCT/US02/12465 [347) Sperm whale myoglobin was
expressed and purified from cells containing  p13AD/fYAMB-4TAG in an
analogous manner to SjGST, except that induction was  constitutive with
0,002 % arabinose. Samples for mass spectrometry were desalted on a  NAP-10
column, (Pharmacia) and purified by HPLC. To verify the incorporation of
papa 5 the protein mass was ascertained by electrospray-ionization ion trap
mass spectrometry.  [348[ Mutant Sj GST Cloning Mutant SjG T genes were
assembled by overlapping  PCR, using pGEX-3 (Phannacia) as a template, All
PCR reactions were carried out using  the Expand PR kit (Roche) according to
the manufacturers instructions. The resulting  genes were digested with Nco
I and Kpn I restriction enzymes and cloned into predigested, 10
dephosphorylated pBADJ-YC vector between the same restriction sites and in
frame with a  



C-terminal hexa-hisfidine tag. All final constructs were confirmed by DNA
sequencing.  [349] Photo-activated crossIinking. Cross] inking reactions
were performed in a 96 well  microtitre date (Nuncsorb) using 100 pL of 10
ng/pL SjG (in 50 mM Nari2Po4, 300  mM Na 1, 25OmM irnidazole) at 4 DC.
Samples were irradiated at 365 urn using a 15 handheld UV lamp (115V, 60 Hz,
0.2 A; Spectronics, NY, USA), for I min or 5 min.  Samples were removed from
the wells and diluted with SDS loading buffer before  resolution of products
by SDS-PAGE on a 10-20 % adient gel. SJGT was transferred to  PVDF (Biorad)
and probed by western blot using goat anti-GST (Pharmacia) and a  secondary
mouse anti goat HRP conjugate (Sigma). Signal was developed using Super 20
--signal West (Pierce) and visualized by exposure on hyperfilm (Amersham).
Example 9: Synthesis of meta-substituted nhenylalanines [350] In one aspect,
the present invention provides meta substituted phenylalanines as  shown in
Formula IV: [3511 H2N` `0OOH 25 13521 and in Formula V.: 103  WO 02(0859.3 V
PCT/US02/12 t65 1353] I N- ' OOH 1354] Formula IV illustrates the structure
of 3-acetyl-phenylalanine and Formula V  represents 3-methoxy-phenylalanine.
[355] Meta-substituted phenylalanines are synthesized in a procedure as
outlined in  5 Figure 14. Typically, NB S (N-bromosuccinimide) is added to a
meta-substituted  methyl benzene compound to give a meta-substituted benzyl
bromide, which is then  reacted with a malonate compound to give the meta
subs tituted phenylalanine. Typical  substituents used for the meta position
include, but are not limited to, ketones, methoxy  groups, alkyls, acetyls,
and the like, A specific example is provided below. 10 1356] TABS
(N-bromosuccinimide) was recrystalized from boiling water prior to usage.
NBS (1 .S5 g, 10.5 mmol) was added to a solution of 3-methyl acetophone
(1.34 g, 10  mmol), AIBN (2', 2'-azobisiosbutyronitrile) (0.043 g, 0,25
mmol) was added to the  mixture. The reaction mixture was refluxed for 4
hours. The completion of reaction was  checked by TLC (8:1/hexanes. EtOAc).
After aqueous workup, the organic solvent was 15 removed and hexanes was
added to give solid. The solid was filtered and washed with hexanes and
EtOAc. Then the mixture was recystalli zed with hexanes. The supernatant
was collected and solvent was removed to give compound
(1-(3-bromomethyl-phenyl)- ethanorre). Dry ethanol (50 ml) was added
dropwise to pentane-washed sodium pieces (2.3 g,  20 0.1 mol under argon
atmosphere, After the completion of addition, stirring was required  to
dissolve the last pieces of sodium. A solution of diethyl
acetylarnido-malonate ester  (21.7 g, 0.1 mol) was added over 30 minutes.
1-(3-bromoethyl-phcnyl)ethanone (21.1 g,  0.1 mol) in dry ethanol was added
dropwise over 90 minutes. After the mixture was  refluxed overnight, ether
and water was added, and the organic layer was separated. After 



25 aqueous workup, the organic layers were combined, washed with brine,
dried over Mg 04  and filtered. The solvents were removed in vacuo.
Hexanes-diehloromethane, 4:1, was  added to the residue, and the insoluble
material was filtered out and washed exhaustively  with 10:1
dicholomethane-benzene to give diethyl 2-acetamido-2[3-acetyl-phcnyl) 1 04
19 OCT 2005 WO 021085923 PCT/US02/12 x5 methyl]malonate, This compound was
stirred with 8 M HCl in dioxane overnight. Then  the mixture was taken to
dryness, water was added, and it was taken to dryness again to  give final
compound rn-acetylphenylalanine hydrochloride. HPLC was used to purify the
desired compound as white solid. The total yield was 64%. 11 N R (D20): d
7.85-7.28 5 (m, 4H), 4.23 (dd, 114), 3.2 (m, 2H), 2.7 (s, 3Ii). Calculated
molecular weight: 243.69,  obtained molecular weight: 243.07. A similar
synthesis is used to produce a 3-methoxy  phenylalanine. The R group on the
meta position of the berzyl bromide in that case is - OCIi3. See, e, .,
Matsoukas et al., J. Med Chem., 1995, 38, 4660-4669. Example 10: Synth Ws of
4-allyl-L-tyrosine 10 f358) In another aspect, the present invention
provides 4-allyl-I-tyrosine, whose  structure is shown in Formula TI: II
(359] HIM- ;roam [360] The compound of Formula II, 4-ally-L-tyrosine, is
synthesized according to the  scheme set forth in Figure 13. A protected
tyrosine, e.g., an 'hoc or Fmoc protected 15 tyrosine, is reacted with ally)
bromide, resulting in a protected allyl tyrosine, which is then  typically
deprotected to yield 4-all yl-L-tyrosine, For example, N-(tert-Butoxycarbon
yl)- L-tyrosi ne (2.9g, 10 mmole) was dissolved in 80 ml of MF. The solution
was chilled to  5 C and NaFT (0.63g, 26 mmole) was added. The reaction
mixture was allowed to warm  up to 10 "C and stirred for additional 2 hours.
After that, ally] bromide (1.33g, 11 mmole) 20 was added to the mixture and
reaction was warmed to room temperature. The reaction  mixture was stirred
for 4 hours. Water was added to work up the reaction. The aqueous  layer was
extracted with ethyl acetate and CH2C12. The organic layer was dried over
anhydrous MgS 04. The organic solvent was removed to give white solid, This
compound was then refluxed in 4M HCl in 1.4-dioxane for 4 hours. All the
solvent was 25 evaporated to give the desired product as white solid (1.9g,
8 6%). IH MR (CD30D): d  ppm 3.1(m, 211), 4.1 (t, 1H), 4.5 (d, 21-), 5.3 (q,
IM, 5.9 (m, 1H), 6,9 (d, 2H), 7.1 (d, 2H}.  Calculated molecular weight:
221, obtained molecular weight: 222. 105 WO 02/085923 1 9 OCT 2N5  P T#[r
x2/12465 Examine 111: Cellular uptake screen of unnatural amino acids [361]
A variety of unnatural amino acids and a-hydroxy acids of interest, obtained
commercially or by short syntheses from available starting materials J.
Shin, B,  Herberich, A. Varvak, T. Magliery, P. Schultz, unpublished
results, were screened for cell 5 toxicity). For example, Figure 29 provides
a library of unnatural amino acids useful for  



the following screen. Each amino acid wasscreened at 1 mM in glycerol
minimal media  for toxicity to cells, e.g., to DH1OB harboring pBLAM-YQRS
and pA YsupA38,  Toxicities are sorted into five groups: (1) no toxicity, in
which no significant change in  doubling times occurs; (2) low toxicity, in
which doubling tunes increase by less than 10 about 10% (seen' with the
following compounds in Figure 29: S63, S9, 574, S75, S81,  $95); (3)
moderate toxicity in which doubling times increase by about 10% to about 50%
(seen in the following compounds shown in Figure 29: B, M, P, S 12, S 14, 2
, 541, 545,  549, 552, Sfr2, 564, S5, 571, 591, S93, B10); (4) high
toxicity, in which doubling tunes  increase by about 50% to about 100% (seen
in the following compounds from Figure 29: 15 C, Q, V,13B, S , S5, S50, 560,
S7 S 8 3, 589, S90); and (5) extreme toxicity, in which  doubling times
increase by more than about 100% (observed for the following compounds  from
Figure 29: W, 815, 526, S27, S30, 531, S 39, 547, S88, S94). See, e.g., Lin,
D,1 R.  Schultz, P.O. Progress toward the evolution of an organism with an
expanded genetic  code. Proceedings of the National Academy of Sciences of
the United States of America 20 96, 4780-4785 (1999). [362) The toxicity of
amino acids scoring as highly or extremely toxic is typically  measured as a
function of their concentrati on to obtain 1050 values. In general, amino
acids which are very close analogs of natural amino acids (e.g., Q, W, S5,
526, S27, 550,  590, 894) or which display reactive functionality ((-..g., S
15, S3 847) demonstrated the  25 highest toxici ties. [3631 To identify
possible uptake pathways for toxic amino acids, toxicity assays were
repeated at I50 levels (typically 3 AM to 500I) in media supplemented with
an excess  (2 mM) of a structurally similar natural amino acid. For toxic
amino acids, the presence of  excess natural amino acid rescued the ability
of the cells to grow in the presence of the 30 toxin, presumably because the
natural amino acid effectively outcompeted the toxin for  either cellular
uptake or for binding to essential enzymes. In these cases, the toxic amino
acid can he assigned a possible uptake pathway and labeled a "lethal allele"
whose  complementation is required for cell survival. Lethal alleles
identified in this manner (16 106 1 9 OCT 2005 WO 021085#23 PCT/US02/12465
of the toxic unnatural amino acids) span ten possible arni no acid uptake
groups.- a] anine,  gliatamic acid, lysine, leucine, methionine, proline,
glutamine, arginine, threonine, and  tyrosine. 1364] These lethal alleles
are extremely useful for assaying the abifity of cells to uptake  5 nontoxic
unnatural arnino acids. Each nontoxic unnatural arnino acid was added at 2
mM  to media containing IC50 levels of each lethal allele. Complementation
of the toxic allele,  evidenced by the -restoration of ceH growth, sbows
that the nontoxic amino acid is taken up  by the cell, possibly by the same
uptake pathway as that assigned to the lethal allele. A  lack of
complementation is inconclusive, 10 [3651 Using this method, the ability of
22 glutamine. and glutamic acid analogs to be  taken up by DH10B'was
evaluated. Arnino acids S27 and S47 were used as toxic  glutamine all eles
at t 00 e M and 30 p M, respectivel y, whi I c-. S 50 was employed as a
toxic  glutarnic aci d allele. at 150 pM. Results from S 27 an d S47
complemen tatioin were in  



complete agreement and identified amino acids B, Z. S6, S60, S61, and S62
(in additinn to 15 S 27 and S47) as being uptaken by cells po ssibly via the
gI utarnine uptake pathway S infilafly, complementati on of SSO identified
B, C, K, X, S 60, S65, and S 94 as being  uptaken into DHIOB, possibly via
the glutau-& acid transport system. [36C These findings indicate that the E.
coli glutamine and glutarnic acid transport  pathways may tolexate
significant perturbations in anfino acid structure, including side  20
-:chain elongation (X and Z), ketone or methylene placement at the
y-position (B, C, S65), carl~ox arrdde replacement with a su Ifoxide (S 6
1), a known substrate for a bacteri al  glutamine transppAer or hydxazide.
(S47), also a known glutamine txanspomr substrate as  well as a variety of
hybridizz6on changes at the side chain tcm-~nus (S60, 862, K, S84).  See,
c&, Jucavic, M. & Hartley, R.W. Protein-protein interaction: a genetic
selection for 25 compensating mutations at the bamm-barstar interface.
Proceedings of the National  Academy of Sdences of fh,* United Staze.~
ofAmetina 93, 2343-2347 (1996) and Weiner,  M_, Furl ong, C.E. & Heppel,
L.A. A bindi ng protein for L-g[utamine and i ts rel ati an to  acti ve
transport in E. coli. Archives of Biochemistry and Biophysics 142, 715-7
(197 1), Example 12: Biosyntbesis of paminophenylalanine 30 [367] To produce
the unnatural arr~no acid p-aminophenylalanine (pAF) in vivo, genes  relied
on in the pathways Icading to chloramphenicol and pri stinamyci n are opti
onal; y  used. For example, in Streptomyces Venezuetae and Sirepiomyces
pristinaespiralis, these  genes produce pAF as a metabolic intermediate.
See, e.g., Yanai, K. and e, 0., 107 WO 02/685923 19OCT2GOS  PCT/US02/12465
Streptorrryces verse elae genes papA , papB, pap C, in PCI' Int. Appl. 2001,
Meiji Seika  Kaisha Ltd.: Japan. p. 1-83; and Blanc, V., et al.,
Identification and analysis of genes from  Srrepromyces pristinaespiralis
encoding enzymes involved in the biosynthesis of the 4 di
ethylamino-Lphenylalanine precursor of pristinamycin I. Molecular
Microbiology,  5 1997.23(2): p. 191-202. [3681 A biosynthetic pathway for
pAF is shown in Figure 15, Panel B. pAF is optionally  synthesized in E.
colt from chorismate (compound 2 In Figure 15, Panel B), which is a
biosynthetic intermediate in the synthesis of aromatic amino acids. To
synthesize pAF  from chorismate, a cell typically uses a chorismate
synthase, a chortsmate mutase, a 10 dehydrogenase, e.g., a prephenate
dehydrogense, and an amino transferase. For example,  using the S.
Venezuelae enzymes PapA, PapB, and Pap C together with an E. coil
arriinotransferase, e. ~. , a% shown in Figure 15, Panel B, PapA, chorismate
is used to  produce pAF. [369] For example, 4-amino-4-deoxychorismate
synthase converts chorismate to 4 15 amino-4--deoxycharismic acid (compound
3 in Figure 15, Panel B), e.g., using ammonia  (from glutamine) in a simple
addition-elimination reaction, FapB and PapC, which are  analogous to
chorismate mutase and prephenate dehydrogenase, respectively, are used to
convert 4-amino-4-deoxychorismic acid to 4-amino-4-deoxyprephenic acid
(compound 4  in Figure 15, Panel B) and then top-aminophenyl-pyruvic acid
(compound 5 in Figure 15, 20 panel B). A non-specific tyrosine
arninotransferase, e.g., from E. coil is used to convert p
aminophenyl-pyruvic acid td pAF. See, e.g., Esoherichia cob and Salmonella,
2nd ed, ed. 



F.C. Neidhardt. Vol. 1. 1996,Washington, D. C.: AM Press. For example, tyrD,
asps, or  ilvE is optionally used to produce pAF fromp-arninophenyl-pyruvic
acid. [370] Figure 13 illustrates a plasmid for use in the biosynthesis of
pAF. The plasmid  25 depicted comprises S. Ver zuele genies papA, papa, and
papC cloned into a p 101  derived pLASC plasmid, e.g., under control of the
lac or ]pp promotor. The plasmid is  used to transform a cell, e.g., a
bacterial cell, such that cell produces the enzymes encoded  by the genes.
When expressed, the enzymes catalyze one or more reactions designed to
produce a desired unnatural amino acid, e.g., pAF. For example, proteins
PapA, PapB and 30 PapC convert chorismate to p-aminophenyl-pyruvic acid,
while an E. coif aromatic  aminotransferase completes the biosynthesis to
afford pAF. 13711 Typically, the synthesis of pAF from chorismat , in the
present invention does not  affect the concentration of other amino acids
produced in the cell, e.g., other aromatic  amino acids typically produced
from chonsmate. Typically, p-arainophenylalanine is 108  WO 021085923 P
produced in a concentration sufficient for efficient protein biosynthesis,
e. g., a natural  cellular amount, but not to such a degree as to affect the
concentration of the other  aromatic amino acids or exhaust cellular
resources. Typical concentrations of pAF  produced in vivo in this manner
are about 10 mM to about 0.05 W. In S. Venezuei e 5 evidence suggests that
the regulation of the shipmate pathway is modified to account for
chorismate consumption in maldng a fourth aromatic amino acid. See, e.g.,
He, J., et al.,  Microbiology, 2001 147: p. 2817-2829. Once a bacterium is
transformed with the plasmid  comprising the genes used to produce enzymes
used in the above pathway, and pAF as a  twenty-first amino acid is
generated, in vivo selections are optionally used to further 10 optimize the
production of pAF for both ribosomal protein synthesis and cell growth.
(372] Since a pAFytRNA-synthetase pair allows the suppression of a TAG codon
in a  nonessential position of ~ protein, biosynthetic pathway effectiveness
is optionally  monitored and optimized by the production of that protein.
Only cells that produce a  concentration of pAF sufficient for protein
biosynthesis are able to suppress the TA 15 codon. At the same time, one can
select for optimal pAF production based on E. coii  growth rates if the
TAG-protein is an essential protein to cell growth. Placing the
biosynthetic genes on a plasmid allows the level of pAF produced to be
modified, e.g., by  changing plasmid copy number and promotor strength, To
determine if the addition of a  pAF biosynthetic pathway affects the
production of other aromatic amino acids in E. coli, 20 -:.and to quantitte
pAF production, the cellular concentrations of the aromatic amino acids is
optionally monitored, e.g., by extraction and LCMS analysis. See, e.g.,
Moss, R.E.,  Methods in Enzymology, 1995, 262: p. 497-499 and Mimura, li.,
S. Nagata, and T.  Matsumoto, Biosci. Biotech. Bioche ,, 1994.58(10): p.
1873-1874 Example 13: Biosynth sis of Dona 25 [373] To biosynthetically
produce dopy in vivo, one or more genes, e, g., hpaB C, for a  nonspecific
aromatic hydroxylase, e.g., from E. coli are cloned into a low copy number
vector, e.g., a p 101 derivative, which is typically placed under control of
an Ipp  promotor. This construct produces dopy (2) from tyrosine (1), in
vivo, as shown in Figure  



20 while not being toxic to the growing cells, Similar work was done with
this gene to 30 overproduce dopy for purification purposes. See, e.g., Jan
g-Young Lee, Luying Xun,  Biotechnology Letters, 1998, 20, 479-482. However,
as described above, overproduction is  not typically desired. In this
application, a low copy pi as mid is used to produce dopa in a  natural
cellular amount. 109 t 9 T 2001 WO 02/085923 Example 14: Bi synthesis of
-methyl-L-tyrosine PCTIUS02112. 465 [374] 0-methyl-L-tyrosine is optionally
produced biosyntheticaIly by plant - methyltransferases are enzymes involved
in secondary metabolism, which converts a  hydroxyl group into a methoxyl
group, Two such enzymes were selected: (iso)eugeriol 0 5 rnethyltransferase
(IEMT) and caffein acid 0-methyltransferase (COIF). Both of them  are from
Clarkia breweri. IE T methylates eugeno[lisoeugenol, and COMT methylates
caffeic acid. The substrates of these two enzymes are similar to tyrosine.
However, both  enzymes have high substrate specificity and methylation
regiospecificity. Therefore, a  combinatorial approach to evolve these two
enzymes was adopted so that they would take 10 tyrosine as their' substrate
and convert tyrosine into O-meth yl-L-tyrosine. Active site  residues were
selected for mutation, and large mutant libraries were created. After
several  rounds of selection, at lest about three hits have been identified.
1375] In other embodiments, the enzymes used to produce O-methyl-L -tyrosine
can also  be artificially evolved, e.g., to produce a meta substituted
methoxy phenylalanine as 15 provided in Formula III. Example IS:
Rtosynthesis of 2lvcosylaterl amino acids (376] The present invention also
provides biosynthetic methods for the production of  glycosylated amino
acids. Forming glycosylated amino acids in vivo is optionally  performed in
a number of ways. For example, transforming a cell with a plasmid .x 20 ..
comprising a gene for a N.acetyl-galactosamirtidase, a transglycosylase, or
a hydralase,  e.g,, serine-glycosyl hydrolase, e.g., acting in the reverse
direction, provides a cell that  produces a glycosylated amino acid. When
combined with a translation system as  provided below, the biosynthetic
pathway results in a cell that produces and incorporates a  glycosylated
amino acid into one or more proteins within the cell. For example, see,
e.g., 25 Figure 28, illustrating the formation of a glycosylated amino acid,
wherein R is optionally  an alcohol, an amine, or an N-acetyl amine. An
example structure is shown by Formula IV: 110 WO 021085923 IV [3777
PCT/US02/12465 Example 16: Identification of advantages due to incorporation
of unnatural amino acids 1378] Given the capability presented herein of
developing a completely autonomous 



5 bacterium that can biosynthesize a unnatural amino acid from basic carbon
sources and  incorporate this amino acid into proteins, e.g., in response to
a nonsense codon in DNA,  with high translational efficiency and fidelity,
the question remains whether such additions  actually provide an advantage
to the bacterium over an organism that incorporates only the  twenty natural
amino acids. The present invention provides a method of determining if an 10
expanded genetic code provides any such advantage as well as identifying the
type of  advantage and the unnatural amino acid to which it is due. [379]
Since the 19th century bacteriologists have been interested in the
extraordinary  changes of bacterial cultures grown under various conditions.
See, e.g., Summers, R.C.,  ,7. ist. Biol., 1991, 24: P. 171-190. However,
all forms of evolution have been studied 15 with twenty amino acid
organisms. The present invention addresses the feasibility of  expanding the
genetic code of E. coil with unnatural amino acids and provides methods of
testing whether the ability to incorporate additional amino acids provides
E. coil with an  evolutionary advantage. (380] To determine whether the
addition of novel amino acids to the genetic code can  20 provide an
evolutionary advantage to E. cols. the evolution of a twenty-one amino acid
bacteria is optionally compared to that of a twenty amino acid bacteria. The
approach  combines new sets of translational machinery for incorporation of
unnatural amino acids  into proteins with a mutagenized E. coil genomic
library placed under selective pressures.  The genetic, selection approach
described above and elsewhere by Schultz and coworkers 25 has, thus far,
produced at least about eleven new aminoacyl synthetases that can
incorporate novel amino acid into proteins efficiently and with high
fidelity in response to  the TAG codon. 1l1  WO 021086923 PCT/tS02 12465
[381] Muta enizing a plasmid library of the E. coil genome scrambles codons
and  randomly adds TAG nonsense codons throughout the genorne. The new TAG
codons can  be suppressed by the incorporation of new amino acids into the
expressed protein. These  bacterial systems are placed under selective
pressures to select for enhanced E. coil 5 growth. See, e.g., Figure 21. The
selected genokriic fragments from the library that confer  an advantage are
optionally isolated and screened for enhanced growth ability when
incorporating the other unnatural amino acids and tyrosine in response to
TAG codons.  [382] A p8 101 low copy vector (approximately 5 copies/cell) is
optionally used to  construct a large insert (7-14 kb) E. coil genomic
library by standard methods known to l0 those of skill in the art. For
example, a 600 member p101 based E. soli genomic  library provides complete
coverage of the E. coil genome and is also compatible with the  aminoacyl
synthetase, and tRNA plasmids described above. Many mutagens have been
studied for there ability to incorporate TAG codons into genes. See, e.g.,
Miller, I. H', A  short course in bacterial genetics. 1992, Plain view: Cold
Spring Harbor Laboratory Press. 15 Multiple rnutagenesis methods are
optionally used since each mutagen is not completely  random in its
formation of TAG codons, By mutagenizing the same 600 member E. coil
genomic library with four different mutagens TAG cottons are typically
placed in as many  sites as possible. Four optional methods include, but are
not limited to, UV irradiation, a  



mutator strain (XU red), 4-nitro-quinoline-l-oxide (NQO), and ethylmethane
sulfonate 20 ..(E) to mutate the genomic library, and combine them to make
one large mutated genomic lib! . es of 10 10 members. These mutation methods
all rely primarily on forming point mutation but complement each other in
the mechanism of mutagenesis  resulting over a) I in a more even
distribution of TAG codons. UV irradiation and the  rnutator strain generate
all base substitutions while NQO and EMS principally cause G;C 25 to A:T
transitions. Most of the point mutations generated form codons that code for
one of  the twenty natural amino acids. Since only about 115% of the single
point mutations can  form a TAG codon large highly mutagenized genamic
libraries are needed. This method  typically generates a least about 106
mutated copies of each gene with many new randomly pl aced codons. The
genomic library is then typically checked for TAG codon  30 incorporation by
sequencing a subset of library members before and after mutagenesis.  [383]
To determine which genes might be improved by incorporation of one of the
new  amino acids any of a variety of selective pressures are optionally used
for screening that  target a range of cellular biology: catalytic functions,
protein interactions, carbon sources,  multiple response genes, and broad
metabolic functions. For example, selection pressure 112  WO 021085923 PCTI
-SO2/12465 based on quinolones is used to target topoisornerase and DNA
gyrase. 5-fluorouracil is  used to target DNA synthesis; omeprazole is used
to target proton pump inhibitors; the use  of fatty acicas as a sole carbon
source and acidic media are used to target a variety of genes  related to
utilization of carbon and response; and a reductive media is used to target
the 5 thiol-redox pathway and di sulfide containing proteins. See, e.g.,
Bronson, J.J. and J.F.  Barrett, Corr. Med. Chemistry, 2001 8: p. 1775-1793;
Bearden, D.T. and L.H. Danziger,  Pharmacot terapy, 200121 (10): p.
2245-2325; Matthews, D.A., et a]., J. Mol. Biol., 1990.  2144(4): p.
937-948; Knox, M.R. and J.E. Harris, Arch, Microbial., 1988. 149(6): p. 5 5
7- 60; McGowan, C.C., T.L. Cover, and M.J. Blaser, Gaureroemerology, 107(5):
p. 10 1573-S; Clark, O .P. and J.E. Cronan, Two carbon compounds and fatty
acids as carbon  sources, Escheria coli and Salmonella cellular and
molecular biology, ed. F.C. Neidhardt.  Vol. 1. 1996, Washingtop D. C: ASM
press; Slonczewski, J.L. and J.V. Foster, pH- regulated genes and survival
at extreme pH. Escheria coli and Salmonella cellular and  molecular biology,
ed. F.C. Neidhardt. Vol. 1. 1996, Washington D. C.: ASM press; and 15 Ritz,
D. and J. Beckwith, Arno. Rev.Microbiol., 2001. 55: p. 21-48. [384] The
screening of the mutated genomic library produces a set of mutated genotnic
fragments that confer a growth advantage under a certain selection pressure.
These  fragments are compared to determine if they are the same found in
screens with no  unnatural amino acid present by restriction mapping and
sequencing. Fragments that 20 --produce a growth enhancement from an
unnatural amino acid selection this fragment are  optionally re-screened by
comparing growth rate with each unnatural amino acid and  tyrosine
suppressing the TAG codon. See, e.g., Figure 21. This rescreening of
selected  genomic fragments insures that the unnatural amino acid is the
factor in conferring a  growth advantage. For fragments that show a
selective growth advantage with an 25 unnatural amino acid being inserted
into TACT codons, the gene(s) that confers an  advantage is optionally
isolated and identified, e.g., by digestion and subcloning. The  



protein can be studied to identify how the unnatural amino acid is enhancing
cellular  function. The enhanced protein is optionally purified and compared
to a natural protein  with both in vitro and in vivo studies. Standard
enzyme techniques are optionally used to 30 study protein stability,
kinetics, and its interaction with other biosynthetic pathway  components.
113 1 9 0 C?IG05 WO 07JOS5923 xarrwle 17: Sequences PCT/U O2/J 2465
SequeaceNotesLRNA or SEQRS I ICCGGCGG-rACTTCAGCAGGGCAGA#CGGCGGACTLTA
ATCOCCATGGCGC7raM T'CM. janrUuChjjN A AAATCCG9CCCGCCG(3ACCATr .MtRNA Cu.
2CCCAGGGTAG CCAACC"TCOG CCAACGGCGA CGdX TCI''AA ATCCG T'CTCHLAD43; mRNA
OTAGGAGTTC 3AGGC]T CGA ATCCCTTCCC TGGG,ACCAoprimi2e amber su essor tRNA
3GCSGAGGGTAG CCAAGCTC[G CCAACGGCGA OGGACTT"CCT AATCCGT' ^THL323A; an
optimizedtRNA CGTAGGAGTT COAGGb17CG AATCCCTCOC CTCGCACCAAGGA ftamshift su
essor tRNA 4A=ACG#ATTTGAAATGATAAAGAGAAACRC#TCTGAAATTATCA ,CC3Ad AACiAG
mutant 'TRSRS ' 7TAAGAGAGGTTTTAAAAAAAa  Tr TC'ICTCAGATAGGTTTTGAACCAAG (]
JI6} ' CGTAAAATACA'  TTTAGOGCATi rATCTCCAAATAAAAAACATGATTGATTTACAAA.AT
GCT3OAVrTCATATAATT#TATTGVMGCPGATTPACAMCGTAq'T'rA.Xk=AC-X "
GGAGAGTTG-ATGAf,ATTAOAAAAATAGGAGATTAT 4CA
ATCGCGT'rAAAGGCXL"TATM%TTATGOMWAC'r:"rCCAGCTTGATAAGGATT#T
ACACTGAATGTCTATAGATTGGCTTTAAAAACTACC!' AAAA.AC#OCAAGAAGGAGT
AT~GGAACTTATAGC#AAOA[~GATCAAAA ATCTATCCA ATAATGCAOM'T 1.A'
GaA6ATTCA^'TATrCCTGGCGTTTGATCTTCCAGTTGGAGGGATG GA
XAGAGAAAAATACACAMTl`AGCA#OGGAGCT'TTTACCAAAAAAGGTTGZ' 7(T l A:"TCACAACCCCTG1
TTAACG( G'f'T'PGGAT43GAP.M CAAGATC3AGTTCTTC .AAA G CC AATTTTRTAMTG
-EraArGACi'CTCCAGAACA4ATTACaXTA 1GATAA C4JA A G CATAC T G CC CAG C
TGGAGTIT6TTGAAGGAAATC C ALkTAATG GAG A'rAG CTAAAT AC
TTCCTTGAA'TATCCTTTA#C+CATA#AAAflGt A{,A##AATT GT RQATTlGACA C
rrAGTAGCI'ATGAGGAGTTAGAGAGT':TATT'1'AAAAATAA GAATTYGCAT'CCAATG 



GATTTAAAAAATGC'T'GTAGCTC-AAGAACTTATAA Af`A7TT'rRGAGCCAATTAGAAAG ACATTATAA
ATGG G,AAT'TTGAAA GATAAAGAGAAACACATCTGAAATTATCAGCCAG AAGAGp- Pr_PheR
TTAAGAGACTG TWXkAAAAAGATGAAAAA'TC"PGCTGC,"TRCGTT"Y"fGAACCAAGT G GTA##A TA
CAT=ACaG C ATT#T CPC C AA ATAAA AAAG ATGATrrG ATT TRC A AAAT
GCTGGATT"!'CATATAATTATATTGZTCGCTGAT'LTACACGCCTArrTAAA AGW
GG#GAGTTOGATCMAT1',AG#AAAA'PAGGAGAVTAT AAGCA ATGG(3C;
TTAAAGQCAAAATGTGCTTATOGAA(3TCC'T1'1'CCACrCTTGATAACtOATTAT
ACACTGAATGt`CTATAGArrCr~ TZ"1`AAAAACTACCrTAAAAAr;M tt C AMAGT
ATGCsAA=ATAOAACuNGAgGATGAAAA7CCAAAGGTTGCTGAAGTTATCTATCCAA TAATGCAC,f
'PAATt3G'1TATCATTATCTTGOCUT'TGATt;tl'1GCIiG7l1C3GAGGCATdO
AGCAGAGAAAAATACAC#TGTTAGCAACOGAGCTT'PTAC TA
TTCACAACCC-MTCTi'AACOCGT3TGGaATGGAGAAOCAAAGATGAG'1TC'k'TCAAAAn
Gu#ATTTTATAGClGrrT 3AT(3ACTCTCCAGAAGAGATTAGG v=Ak4ATAAAGRAAG
CJ4T#C'TGWCAGCTr" 3AOTTGT'T'GAA,GAAATC #ATA#TGGA{3#TAC3CIAAATACT
TCCTTCAATATCCTTTAACCRTXA4, GOCCAGAAAAATTT[ GTGGAG#TTTACAG
TTAATAGCTATGAGGAUTTAGAGAOTTTA'1T'1TXkA AATAACGAATTOCAT"CCAA'TGG
ATTTAAAAAATGC3 ,TAGCTGAAGAALC!TTATAAAOATTTrAGAGCCAATTAGAAAGA GATT#
ATCGACC,AATTTGAnATGATAAACGAGa#ACACaTC GA ATTATCAC,caaaGAAGAC,NH PbcRS(1 ` 2
TTAAGAaAGGTTTTAAAAAAAGATCAAAAA'T'C'F =ACATAGG=TTGAACCA#GT CGTA.A#ATACAT'1`
AGGGCATTATCTCC] ITAAGATC;ATTGATT'TW_MMT GCTGGATTTGATATAATrATATT I
TOGCTGATTTACACGCC'iAT1`1'AAACCAGAAA GGAGAGPTCG#T'GAGATTAC,AAAp
4TA{,GACATTATA, AAAA#A(,TTTTPGA#GCA ATG GG OTTAAAOGC AAAA1'ATGIyi'T ATu G
#AG:'T OG~" 1L'C C AGCTTG ATAAGGA'PT'AT ACACTGAArTrC'TATAriATTiGUC1T
GTACCWAAAAAGAeCAA,AAC-GAP T ATGGAACTTXTAGAAGAaAGG1kTGXkAACAA.
[aTTC-CTGAACTTATC!TATCCAA TARTGCAGGTTAATTGTTCTCATTA'!TATGOCCTTG)kT
M'GCAO1TWAOr7GhTG AGCAGAGAAAAATACACATGTTAGCAAGOOAGCTi
-rTACCAJLkkAAaCTTG1TTGTA
TTCACAA.CCCI'GTCITAACGGGTTTGGATC,GAGAAGOAAAOATOAGTTCTTCA#AAG
GGAATr=ATA,CTGrWATGACTCTCC#GAAGAGATTAOGGCTAAGATAAAOAAAG C,ATACTGCCCA
GAG1'TTGT'TGAAGGAAATCCARTAATGGAGATAOCTAA#TACT TCCi'TGAA'PATcC
TTAACCATAA1kAAGGCCAGAAAAATTTGGTGGACATTTGACAQ TTAATAGCT'ATGA+GGAC
AGAGAGTl'rrATTTAAAART'AACGAATTGCATCCAATGC3
A=ARA.A#]k'rCC'MTAGCTGAAC#AC':TATAAACrATT'TTAr3ACiCC1k7k7AQP.AA A GATTA
ATGGACCiAATTTCAA#TGATAAAGAGAAACAI!ATGTOAAi rrATCAGCCAOGAACwkGp NH3_ RS(2)RS
TTAAGAGAGGTT'i'TAAAAA3kAG#T A#AAATCT#~CTACTAT]kC~GTT7'3GAMCAAG'^ GGrA%
ATACATTTACGGCAT'PATCPCCAAATAAAAAIkGATGATMATTTACAAAAT
GCTCC,ATTTGATATAATrATATTGTTGOCPGA'ITTACACOCCPATTTAAACCAOAAA GGAGp.GTT 3ATCIA
L TTACAA#AATACGACATT#'P #
ATCGGGTTI'ARAGOCAAAATATGTT'TAT"OCAAdTACOrTTCCAGCTTGATAAGGATTAT ACACTG
AATGTCPATAGATTG3 C.TTT AAAAACTAC C'TTAAAAAGAG CAA GAAGGAG T 



ATCGAACTTATACAAGAGAGGAT'w"MTCCAAAGGTTGC AAGTTATCTATCCAA TAATGCAD
1'!'AATCCWMCATTATOCTGGCGTTGATG77qCAG17raGAGGC-ATGO
AOCAGACaAAAAATACACATCTTAGCAAGGGAOCl=ACCAAAAAAG !'I TA
TrCACAACCCTG'TCTTAACGGCT'TTGGATGGAGA GAAAGA
07xA#TTYTAT#GCTGTTGA7'tiACTCTCCAGAAGAGATPAGGGC1'AAA'DATJ4A Crr.4AJkG
CATACTOCCC#flCTGGAO "TCVTGAAGGAAATCCAATAATGGAC,ATAOCPAAATACT TCCt GAATATCC
't TAACCATAAAAAGGCCAC,, AAAATTTTGGTGGAGATlTC,ACAG 114 ? e 1C T 205 WO
02l*85923 PCTJ ,' 02112465 Sequencefloes1RNA Gr SEQES ID#
TT)1ATAGCTATGAGGAG'PTAdG.A~AOTTT#T'PPP.A##.~'i`n nrr_n nT'1~C~CATCCA#TGO AT
rA4AAA.ATGC1GTkOCTGAAG#ACTTAIA AGATM'PAGAGC1AATTAGAAAGA GATTA ATOGXOGAATTT+'
ATGATAAAGAGRAACACATCT A#ATTATCAGCGAG ##GRGp-NH2.PheRS(3a) TTAAOAGAG4T T
TRAAAA#Af ATGAAAW4TCTCITCiITNrNQ4TTTTGAACCAARC3T
GCTAAAATACATTTAGGOWTATCTCCA#ATAAAIIJIAG#'1~C1kT1~GA^! PTACMAAT
OCTAGATa'TGATAT#A TA7X C77GOCTgITTTNCACGCg ATTT#ARCC#GAAFl (m[3AG# 3T1Yy
3ATGAGA'FT#GA ARAATAGGAOATTATAAC,AAAAAAGT: TTTGAACWCA
ATGGGG1"TAAAGGCAAARTATGTTTATCGAAIT2A TTCCAOGTTGk%AAGGA,TTAT ACACTGA T
TCTATAGATTGOCTTTAAAAACTACCTTAAAAAd3AGCAAGA#GGAGT
ATGGWtCT'1`ATAG#AGMaXGGATGAAAAACCk&AGOTTGCDGXNITTATCTATCCAA TAATO CRG G
TTAATC GOCC GCATTATCC TG G OU TTGAT arrQ C W3rP C CNN O G ATOG AGCAGAGA
AATACACATGTTAC AAGGCAOC TT7%OCAAAkARGGT GTTTTQTA TtTCAC:AACCCTITCl R ACG12
TTIGGATGGAC,AAGOPANIAMIAC ITCPTCAAAAG GaAATTTI7ATAGCi+O
TUATGACT'CTCC#GAACA(',ATTAfa'CIG(Tr AAGATAAAGAARG CATACTGCCCAGCTGG
TCCAATAATGG+AGATAGCTAAATACT TCC1'TGAAiATCcTTTAACCATAA A0CiCCAG14AAAATTTF5
TGGAGATTTGACAG TTARTAGCTATGA GASMAG+' }AG TTA TPAAAAJ4T#AQG+'
TIY'sC#TCCAATGG ATTTAAAAAATGCTGPAC~Ci GAAGAACTT IAAAGATITT
TAG+AGCrC.AA:"fAGAA, A GATTA 9ATCGACCL 4T3 I
AAATGATAAAGAG#AACACATPCTCAAAZTATCAGCGAGGA GPLO p-STLrPheRS (Th)RS "
TTrAAGAGAGU"P!"TTAA#AAA#GAT6A#R]J4TCTiaY  AT#TA ` TGAACCRAGA' OGTAA.
ATACATTTAGGC ATTATCTCCAAATA AkAAQArn#TTQATTT'ACAAAAT GCTGGAT1TGATATAATT
Ti4TATTGTTGGCTGATTTACACGCCTPATTTAAACCAGAAA OGG,AGAG-rT G,kTaAG T
`AGARAA3kTAC~GAGATTA'T ATGOGGTTAAAGG'CAAAATATCTTTATGOAAIILCVJ'1OCAGCrTGATAA
ATTLTAT AEACTGA#'TGTiOTA IkG+ATiGICTTTAAAA#CPACCTT#A#AAGAOCAAGAAGC,AGT 



ATCGAACTTATAGAAGAaNGGATGAAAATCCAAA GTTGCTGXkGTTATCTATCCAA TAATCCCNITTENAT
`Af fOTCATTATOATUUCC3TTGAT2rtGCMDT TOGA,&GG#TC AOCAGAGAAAAATACACATITTACCA
AGGIr TACCAA##AAGGTTUTTTOTA TTCACAACCCTGTCTTA.XCGCCiT'!'f" GATGGAGAAGGAA&GA3
rTTTCTTCAAAAQ GGAATTTj*TATAGCTGTTGAT3ACTC1tiCCRCAAAALATThIG CT1
AGA'TAAAAGAAAA4'p CATAC GGA#ATCCAATAATGGAG#TAGC'AAATACT T CC TTG AAT#T
CCTTfT kACTCA'TAAAAAGGC C ALKN AAxrrroR TG G kGATT'TGAC k{{ TTANTACCT,
INAGGAGTTAGAGA#~PlTA'i'1TAAA#ik'P)1A{~G#A^_ 1GC.A"_TCG VCGDG ATT`PPJUk3
4LGCTGPAC.CTGAACAACTTATA#AGATTIT#CiI4GCCAATTiTACAAAGA GATTA
10ATGGACGART'TTiOAAATGA'1`AAAGAGAAAC14CATCTCAAAT"PP+TCAGCGAGAAAGi G0-A
LIyI-'J 'rRS(I mTAAGAGAGGTTTTA AAAAAGATOAAAAATC OC TOGATAGGT1?PGAACCAAbt it
GGT,}AAATAC, TTTTAQGGCATT#TCTCCARATAAAAAhOATIATT TGATTTY'A .AT
GCT1GGrATTTGATATAATTATATTTGTTGGCTUA TTACACUCLT#TTTAAACCAGAAA GGAGAGT
GGkPGAGAT'PAGRAAAAIAQCAGATTATAkCAAAAA#GTTL'TTTGAACCA
ATGGGGTTTARAGGC#RAATATC'PITATGGAAt T YTCCANCTTGATAAGGATT}4T ACACVG AATGTE
TAMNGATTGOC TT TAAAAACTACCTRTAAXARGAGC RAG AAA GAG T ATG GAAC TT ATAGAAOAG A
G OATG AAAAT CCAA AGOTTE CPGAA(3TTATC TAT CC AA Tl T(,3CAGG nkATACO1A
TCATIT#T4CTGGCfifiTGA1GTTGCAGTVGGAGGGATGG + ACRGAAAk
TAChC&TGTTAGCAAGOGAOCTTPACCAXA.AAAGGT T'GTT G TA TTC A CAA G C CT GTC^+ TAAC
GOOTTTYU AItUl GAAGO A A Na kTG#G TPCTT C AA#AG
GGAATTTTAT#GCTGTIGATGACTCTCCAGAAG]kGAT"! AGC~[~CTAACti4TA#AC~AAAa
CA'T+ACTGCCC AAGGAA NCCAATAI GGAG#TAfi "'STAAATICT
TCICTTG+AATATCCTTTAACCATAAAAAGGC ALAAAAAT? GGT aG11GATTTGAC+AG
'iTi'AAT#GCTATGAGGAGTONGAG#OITTATTTAAAAATAAIG#AT OC#TCCARTGG ATTTAAAARRT[
CTTGTAGCTGAAGAACTTAT,AAAGATT': tkGAQCCAATTAG Ak A GATTA 1ATGGACGAA7TT(
JAAATGATAARGACAAAC1-CA CITC#AARTTAT6AOCC#G~' QAG 0-A Il}l-T rRS( ) '
TTAkCAGAGGTTTTARAAAA GAIGAAAAATCITGCTCCr#-TFkG3lT'TTGAACCAAi  1T
OGPAAAATACATTTAGGGGATZ'A'TCTCCAA a%AAAAAQATG TTQATTTAC AAAAT
GCTKGAT1TGATATAATTATATTGTTGGCTCATTTACApG3CT#TTTAA#CCAGAAA OGAGA,
A'PGAGATTAGAAAAAN GATTAT CA ATP[ OTTAAAGGCARArkTRTGT'i"P#-i4~GAAb1`]11`4
"1LCAC TTGATA OvVMAT ACACTIANTGTj'CTATAGATTGQC
AAAAACTACCIVAAAANGAGOARGAA"G.ACa4 A'1GGAAC TATAGAAGAGAGGATCAAAATCCAAAGGTTGCP
AA CrAPCTATCCAA TAA'1'GCAG( T'PANTIIATACICATITATQ GGG UTTOAT#
PDGCAdGT1'GGAGCG ATGG
AGCAGAUGAAAAATACACATCTI`FAGCAkGGGAGCTTTTACC+AAA###GGTTGO TTGGTTA
TTCACAACCCTGTL'1'i`1 ADiGG'T TGG TCOAGAAGGAXNIATGAGT'TCTTCAAnnAG O
GAATTfTAT4GCTNPTGA'1GAC.TCTCCAGAAGAGA7TAGGGCTAAGATAAAOaA#AAa
GATTFACTGC'CCkGCTGGAGTTGTTGAAGGAAATCCAATAA IGAGATkICTAAAT+A T
TCCITGAATAXC'TTT+AACC#TAAA#AGOCCAG 1k't'1 TGACAo 



TTAATAGCPATGhGGXG"TTAGAGAGTTTATTTA A#kTA#GG1s#TIOC ATOCA#TG-0 ATTTAAAAAATbC
NOTAGCTIIG AGA, C1'FATA1 AGRTi"1"1'AGAGCCAATTAGAAAGA GA A
12ALtGA~~GAATTTGkAAPS3AT#AAGAGRAACACANCTGAAA'1'Y'A I
GCG1kGGAAG#GO-Allyl-TyrRS(4) TSAAGAGAGGDTTTAAAAAAA aATGAAAA
ATCTGCTAOaAT#GGTT TGAACCAAAGT G6 TAA##TACATTL TAG GI CA'L'i' ATC T
CCAA1kT1kA AAAAGIiTGAT'PGk TTTACAA,kAT GCTCGATTTGATATIA TAT+A'I P
TTGACTGATI'ITJkCAkcGCCT#TTTAAACCAGAAP6A
GGPiqAGP1TGGATGAGATTAGAAAAAZ'AGGAGATTATAAC AAGCA
ATGGGGTTAAAGfaCAAAATATGTTTATGGAAGTPCAT CCAGCTTGATAAGGATTAT
ACACTGAATGTCTAT]GATT OC'1'1"TRAAAACTACCTTAAAAACAGC#AC AGGAGT
ATGGAACTTATAOAACACAGGATGAAAATCC,AAAG T GC1GAAGTTATCTATCCAA
TARTGCAGGTTAATrAAACTCATTATQAUGAC TP7GAT[ 7P3Cr'AGITGGAGGGATGG
11GCAQAGAAAAATACACATGTTACCAAGGGA 7T ACCMA#AAGGTTG?1'TOTA 115 WO 021085933
PCTIUS02112465 SequenveNotestRNA or SEQRS g}# TTC', A CAAC CC'rGTC'1"Y' AI,C
GG GTT TGGATL3 GAGAAGC3AAAGATGACr TT CT TTC AAAA G
GGAATTTTATAGCTGTTGATGACTCTCCAG+AGAGATTAGOD=AAGA'rAAAGAAAC
CATA=C!CCAC,CTGGAC~TT'GTTGAAGGAAATCCAATAATMAGATAGCPAAATACP TCCrT
7AATATCCTTTAACCATAAAAACUCCAGA% AAPLTT'TG{ TGGAGATTTGACAC
T:AATAGCTATOAGr,,AGTTAGAGA{ T':RTTTAAAAATAAGGAATT4CA.TccAATGo A'F=AAk
AATGCTG 'AGGTCGRAGAACTTATAAAC3ATTTTAGAGCCAAT7AGAAAGA GATT'A
13ATGGACaAATTTGAAATGATAAAGAGAAACACATOTi-,AAATTATCAGOMWr.AAGAGV-Br-pheRS AG
AG GTT VrAAXkX%PGATG AAAAATCT4C,'rC ATATAGGTTTTGAACC AAG T
G6'TA?-2aATACAT'PI'AGC,GCATT)%TCTCCAAATAAAAAAGATGATTGA'T'1TACAAAALT G CTG G
A.TTTGATATAATTATA eTG TT GGC TGAT=ACACrrC CPATTTAAACC AGAAA GOAGAG
rGGATGAGATTAGAAAAATAOGAGATTATAAC Ai1J:;CR ATGGGGTTAAA AAAATATGTTTA'
dAAGTAAGTTCCAQ TrGATAACGATTAT ACACTGAATC~TC
'l4TAGATT43GCTT"LAAAAi~C'1`RCCTTAAAAAGAGCAAGAAGGAGT
ATGGAA=ATRGAAtLAQAGGATGkAAATC KTCTATCCAA TAA.TGCAGGT'TAATCCClC,TCA1TA'1'C
MGCGTILg TG+TTGCAGTTGGAGGGATCX( AC,CAGAGAAAAATACACArPGTTAGCAAGOGAGC
=ACCAAAAAAC,GST x"^TYiTA TTCACAACCC'I TCTTAAC!G rG1"t"1
-`GA'PGGAGAAGGAAAGATGACTPCPiCAAAAG
G13AATTTTATAGCTG7TGATGACTCTCCAGAAGAGATTA3GCCTAAGATAAAGAAAG CATAC'rGCCCAGC:
7aAGTT GFrTGAAG GAAATaC##TAA'rGGACATAGCTAAATACT TC
AATATCCTT"TAACC'ATAAA#,hGGCCAGAAAAA=T GTGGAGATT"PGACbG TTAALTAC'CTATG AGPiG
4GS'iTAVI'TAAAAATAA( iGAATTGCATCC'Ap,T G ATTTAAAA,AA ^-'C, CTCUT'A G
CTGAAGAACTTATAAAG A'T'I1"T' AG AC, C CAATT AfiaAAAGA GATTA 14A''GC;
ACGAATTMAAAT%ATAAA(',AQAAACACATCZ'G75hRTTATCAGCGAGGAAGAGp-RC-PheRS(I)R
TTAAGAGAGC : L TAAAAAAACATCAAAAA'EC GCTGCTATAGGTTTTGAACCRAGT 



C3( TAAAATACATT'TAGGXAT:ATCTCCAAATPJIAAAAGATGI4TTC+ATT2AfiAAA.AT GCTG G ATTT
G ATATAATTATArM TT rAGC'I'G ATTTAC AC G C CTATT`1`AAAC C AGAAA. GGAGACiM
;ATGAGATTAGAAAAATAGGAGATT'ATAAC AAGr-A ATGGGGTTA 04;GCAAAATATUrPTATf OAA.GTC
TEUkGGA'F rAT ACACTGAAT r,CTATAGATTGGCPTTAAAAAC 'ACCTTAAAAIIGAGCAAGAAGGAC3T
RTC GAACT T A T A G A . A C - N O A C r G A T G AAAATC
CAAAdG'PT'GCPC1AAGTTAT' CTAT CC AA TAATGCAGG'rTAATO
GATTCATTATGATGGCGTTGATGrrOCAGTTGGAGGGATGG
ACCAGAGAAAAA74%CACATGTTAGCAAGGGAGCrI"1"TAQCAAAAAAGGTTG'i -I'I GTA TTC A C
AAC CC TG TC TTAAC G GGTT'Ir36ATGGAGAAGG AAAGAT'GAGTT CTTC' AA,AAG G
OAATTTTATPrC C'TGT1Y'ATGACTC'1'CCRGA,A=ATTA(3G TAAGATAAAGAAAG CAT ICIY C
CCAG CTGGAG TT G'rPC#AAG GAAATCC AATAAT Ap A'T'A(, CT AAA'I'A CT
TCC774r'MTATCCTTTAACCATAAAAAGGCCAC ?kAMTTrGGTGGAGATTTGACAG TTAATAGCTATG. GC
,TTAGAGAG`iSTATT'1MAAATAAGGAATTGCATCCAATGG
ATTTAAAAAATGCTDTAGCI'OMOAACTIATAAAGATTT'1`AGAGCCAATTAGAAAGA CATTA
15ATOGACGAATTTGAAATGATMAGACAAACACATCTGAAATTATCA AGGAAGAGp-Az-PheRS(3)RS
TTAA('AC,AGGrrrrAAAA AMATGAAAAATC OCTQa4ATAGUTTr1GAACCkAGT
Gf,TAAAATACATTTAGGGCATTATCTCCAAATAAAAAAQATGAT TGILTTTACAl M-T G
+GGPrMGATATRATTATA.TT rl'(MC CGATTTACACGCCI'ATITAMi f-'AGAi4A
GCAGAOTTOGAT3AGArrAC-4A AATACC7 ATTAT AA A AT GGGGTTAAAGGCAAAATAT'I
TT`!'ATGGAAQTACT'1 CAGC3"i"[3ATAAJ,C,ATTAT
ACACT-GAATC#1'CDATAGAT"1CiGCT"lTAAAAACTACC . , AAAAAGAGCA *AA rGA?r
A9.'GGAACTTATAGAAGAGAGGATGAAAATCCAAAG' . -OC AAGT` ATCl`ATCCAA
TAATGCAGC'PPAAT) GTATTATTATC,CTGGcrdTT..,',Tl 'T AGTTGGAGGGATGG
AGCAGACAA.AAATACACATGTTMaCAAdGOAO Ta.'rACCAAAAAAi CG=GTTTCT'A
TTCACAACCC'TGTr- T ACOGGZTTGGATGGAGAAGGAAAGATC,AGTTC'TTCAAAAG GGAA
'rATAGCTGTT(IA'!'CAC'1'CTCCAC,A. GAraATTAGGGCTAAGATAAAGAAAG CATACTGC
L'CAGCT'GpACQTPGTTGAAflGIAA'FCCAATAATGGAGATAGCTAAATACT TCCTTGA TATCCI'T'i`A)
C=ATAARAAGGCCnannnAaTTY[3TC3GAGA'tTTr;ACAG .LTAATAGCTA'PGA{ GAt
'ITAGAGAGTTTATTAAAAATAAGGAATTQCATCCAAIGG ATTTAAAAAATGCT+G"TAGCW+ AGAACTY'
TAAAGATTTT 13A C'AATTAG&k&OA iATTA 16ATGGACG71ATTTiGAAAT AIAAAGAGAAACACATC
C; ,kA t'rATCAGC3AGGAA WGp-Az-Phel S(5)R '1TAAGAk jAGG'rl"PTAAA.AA
AAZATC+AAAAATCTGCTC.TekTAGGTT': T'GA~?lCCAAGT
GGTAAAATACATTTAGMC'ATTATCTCCAAATAAAAAAC-ATC-ATT aATTTACAAAAT
GCTGGATYMATATAATTATATT=GGCTGA'Prl"!`ACACGCCTATWAAACCAGAAA
GGAGAGTTGGATGA[rATTA{`AAAhATA GAGATTA'rAMAAAAAAGT'I rnGAAGCA ATC3G GTTAAAC;
GCAAAu TATGT'1'TATGGAA&rCC4TTCCAGCTTGATAAC,N3ATTA-- ACACTG,LAT( TCTATAGATT
GCTT"!'AAAAAC?TAC['STAAAAMAGCAAGAAGGAGT XTI
*'AACWA.TAGRAGACGAWATGAAAATC'C4XU~T' AAGI"rATCTATCCAA
TAATGCAGGTTAATCAJATTCATTCTA(3SCG;CG TGA'rGT'PGCAG r1GGAG hTGG
ACCAGAGAAAAATACAC'ATGTTA(3CAAGC;GAGCT`iT1ACr-AAAAAAG TTGTTTCGTA
TTCACAACCC"T'GTCfTAACGGGTT"I'GGATGGAdGAAGGAAAGATGAGTPCT' CAAA#[3
GGAATTTTATAGCTGTTGATrYACTCTCCAGAAJ AGATTAGG=AAGATAAAGAAAG
CATACTGCCCAGCTOGMTTGTTGAAGGAi4ATCCAATA AS GAGATAGCTAAATACT 



TCCl QAATPILTCCTTTAACCATAAAAAGGCCACAAAAA7T OUTGCGAGATTTC,ACAG
T'TAATAGC['ATGAGGAGTTAGAGAGTTTATTTAAAAATAAQGAATTGCATCCAATGG
ATTTAAAAAATGCTGTAGCTGAAGAACTTATAAPAATTTTAGAGCCAATTAGAAAGA C,ATTA AAATTAT
t7T ~h+IlltBfli S Ie~SGS t0RS G (  RAG&GAGGTTT'i'ATGAAAAA tl ate m-  GG I
CAACCAAG incorpo C acyl A  . l  l  GGTAAAAT,ACArrTAC3[
ATTATCTCCAAATAAAAAAGATGATTGATTTACAAAATt  h  l  I ne  eny  n
GCTGGATTTGATATAATTATA-r-~CTr,A=ACACGCCrATTTAAACCAGAAAo  P  a  an {
GAGA.GTWr,ATGAt'ATTAGAAAAATAGGAGATTArrAAC t,CApfotClris (Ketr ne 3-4)
ATGGGGTSAAAGGCAAAATAT S'=ATGGAAG'rGAATTICCAGC'=ATAAGGATTAT 



116 WO 021085923 SequenceNotestRNAor SEQ ID0 Af-ACTGAA%TCTATAGATT'C~
iAAAAACTACCT &W n AAGAAGUAGT ATOGAA=TATAOCAAGAGAL
AlUkAAATCC.AAAG+G3SMC'rGAAG1"IA'TCTATCCA ATAATGC;ACa''1`AATLGA
TGCATTATCA1GGCGTTGA'IGTTGC-AGTTGUAG4 AT, G
GCAGAGAAAAATACACATGTPABCAA{3GGA='1=ACC
ATTCACAACCCTGTCTTAAC+GOGTTTGGATGGAGAAGGMAGATGAGI"E+CTTCAA GCZAATTl"TATACCTI
Tr ATGACPCTCCA rAAGAGATTAGGGCTAAGATAAAGAAA O CATAC T GCCCAGCrG GAGTT4TTaAAC
C AAATC CAATAATGGAGATA13 CT AAAPAC
TTCC"1'MAAThTCCTTTTT'AACCATAAAAAGGCCAGAAAAATTTGGMGAGATVTGACA GTTAATAG
CTATC,AGGAGITTAGAGAGTTTATTTAA~AATAAOGAA't l'CCATCCAATG GATTTAAAAAATYGCTGTAG
CTC,l A ACTTATAAAGAT r:'AGAOCCAATTAGAAAG AGA.TTATr IA
#'_"G{3AC(iAATPTGAAATGA''rAAA 'AGAAACACATC'PC-,AMTTATCAGCGAGGAAGAGMutant
Syntetase toFMS TTm-XMAELWG "1 rrA3kAAAAAf3ATGAAAAATCTGC'rrACATAGGTO
TTGAACCAAGT ITYCOtporal m'acy~ ' GGTXkAATACATTTAGGGCAT
SATCTGCAAATAAAAAAGIATCATTGATTTACAAAAT PlenyIaa8nine into GCMGATI
GAaATAAT'TATAMIrrTOOCTGaATTTACACGCCTATTTAAACCAGAAA
GGAGAGTTGGATGAGATTAGAAAAATAoGAGATT1k'P AAGCApro4eins (Ketone 3-7) A'TOGGG
X"TAAAGGICAAAATATGTTTAl AKMCTATTCCAGCTTGATAAGGATTAT ACACTGAAT4
XTXTACATTGGCTr'=AAAAAC"'TACCTTAAAAAdGIAOffAAOAA99AGT ATGGAACTPATAJ C GAGAC;
GATGAAAATCCARAO TTC,CTOAP.=ATCTATCCA
ATAATGCAOGTTAATGATA-TTCATTATACAGOCOTTGATGTTGCAGTT GAGGGATG
GAGCAGAGAAAA.ATACACAT07TAGCAAOOGAGCT 1TTAC T ATa'CACAACC=&-
CtTAACG![3G3nwFGGATGGAGAAdGGAAAGATUAC3rM=AAAA
AATTTTATAGCTGYT'GATGACPCTCCAGAAGAGATTAGGGCTAAOATAAAGPAA
GCATACTGCCCAGCTGGAGTTSI'T'G'AAGG AAATCCAATAATCOAGTATAGCTAAATAC
TTCCTTGAATATGCTTT CATAAAAAGGCCAGAAAAArTRGGTG~GAGATTTGACA GTTAATAGCPATGAGGA
I'AGAGACrl"PTArMAAAAA.TAAQGAATPCCATCCAATG GATTTAAAAAATGC TG TAGC
TGAAOAAc?rM`AAAGATTT"TAGAGC CAATTAGAAAG AQATTATAA 1ATGGACGAATrTGAAAT'ATAAAG
AAACACATCn0M ATTATCAGCGAGGAJG.Mutant syndetase toRS TTAAGAGAGOT=AAAAAAAGATI~
AA;%jUTCTC tCTAATAM TTTGAACCAACTP  ' incorporate m-acyl '
rA,AA?AAGJkT+GATTC-k TTACAAAAT 



1  GGTAFAATACAVVI l  AGGGCATTATCTCCAAAi  i a  an  GC'1GAT"ITGATATAATTATATTC
TT AGATTTAAACGOCTAT=TTAAACCAOAAAft  nto  P y
C3GAGlsL,AT'1''r'GATGAGATTAGAAAAATAOSAGATTAT AAGCAproteins (Ketone 4-1)
ATGC~GGTTAAAGOCAAAATATGTTTATOGAArYTGAATTr-CAGC'tTGATAAGGATTAT ACA=GAAT
'G:TlkTAGA'! TOGCT'L AAAAACd`ACC1T{3CAAGAAGGAGT ATGGhACT'PATA;
CAAGAGACGATC7AAAATCCAAAA f TT13CPGA& TTATCTATCCA
ATAATGCAGGTTAATGATATTCATTATZTAGGCGTTY'ATGT'TC33CAOTTG GAD GGATG CAr_CAC;
AGAAAAATACACNTGTTAOCAAGGIGACCT`i"rTl'ACCAAAAA L TTY,"Tl"SGI'T
A'rTCACAACCCMT=AACGGGTTTGGAT,'GAGAAGOAAAGRTGAG'TTCTTCAAAA GGGAATTY'TATAGCTG
TG3ATGACTCTCCAGAAGACATTAJ~L~[3CPAAGATAAAGN A OCATACTGCCC =TI2
AAQGAAATCCMTA74TGGAt33ATAGCTAAATAC
TTCCT'GAATATCCTTPAACCATAAnAMGICCAGAAAMTTTC TGMAPG&TTTGACk
G'Trr?LA'TAGCTATGAGGAiC' TAGAGr kGTTTA'!TTAAAAATAAOG,AATTGCATCCAATG GATT
1'AAAAAA'PGCTCtTAGCf C%L kGAACTTOL'TAAAG3ATTTTAGP.GCCMTTAGAAAC' AGATTATAA
ATGGACGAAI'T'TGAAATrATAAAXIMA kCACATCTCAAATTATCAGCGAGGAAGM  '  20" Mu:Anl
symtltetasc to '  L T1  l  P4AACCAAGT incorporate 1[~E1Cyi 



TAAGAGIAGG ITTAAAAAAMTGAAAAATCT X  CTAATAG  T CTATCTCCAAATAAAAAAGATGAT1
ATTTACAAAAT  CGTAAAATACATTTAGGGCA
GCIGGATT7GATATAATTATATTGT'tGACAG4'!"CPAAAACICCTATTTAhACCA) A&AP ylalamnc
into G3G;V.'A TT,G TGAGATTAGAAAAATAGGAUT'TA'P A?4CApro oins (Ketone 5-4)
AT90GOTrf& k GCAAAATATG'TiPATGGAAGTGAATTCCAOCT ATAAGGGATTAT AC AC
TC-XATGTCTATAG ATTGOCTTTAAAAACT ACCT'1'AAAAAG AC CAAGAAOG AC3T A'XOGAACTTATA
CAAGAGAGGATGAAAATCCAAAGG TUC1'GAAGTTATCTATCCA ATAATGTCAt=TTAATG3TAATTCATTA?r
rAGGC 'ATGPI'#Tl`AGDrGGAGOC? TG GAGCAGAGAA -NATACACA'TQTTAOCAAGGGAGCTT rACC
ATTCACAAoCCTGTCT'`MCGG GT rIG4ATG oA iAAOGAAAGAT CTTCAAAA. G!'GAAT 'nATAGC
GATGACTCT,gCAGAAGAG+ 'l'TA,GGCTAAGATAAAGAAA GCATACfGiCCCAO CAGTTG TrrGP iA
ATCCAA'TAATUOAG3ATAGLTAAATAC TTCCTTGAATATCCT'1"TAACCATAAA.AACGCCAG ATTTGIGTG
-AGATTTUACA GTTAATAGCTATGa,Ai~GAGTTAC,AG3AGTTTAT7TAAAAATAAC,GA TTGCATCCAATG
GATTTAAAAAATGCT Ti'AOCT'nAAGAACTTATAAAGATTTTRO$4CCAATTAGAAAG AQATTATAA
1ATOGACGAATT:GAAAT6ATAAAQAGA MACArCMAA3kTTATCAGC'CATGAMAGMutant synthetase
toS TTAAGAGAGG "i'T'i'P AGATCAAAAA+TCTGCTCTAATAGGIT7"1)GAAC'CAAC;T  '  '
Ii1G~OrpGilAlke 1!F l '  4 rAAAAAAGA  TGATTGA l  ! 1  1TACAAAAT i  GGTAA
TACATTTAGGGCATTATC =AAA i 



' n  CCAGA,"TAT=CCIATI'LAAhCCAGkM a  GCTGGA''ITGATATAATTATAT'i TT,ffii  nc
nto GGAGAG'TTC'GATGAGA'TTACAAAAATI4MACATTATAACRAAAAI TTTT=kAUCAproteins
(Ketone 6-8) ATGGGGTTAAAGG`aCAAMTATG ?TATG AA{ITGAATTCCAGCTTGATAAGGAT"TAT
ACACTGAATl31Y'TATAGAT'MGC I7rAAAAACTACC'TTAAAAAGAGCAAGAAGGAG3T
AT+l`rAACTTATAGCAAGAGAGGATGAAAATCCA1kAGGTTOCTC3AAGTATCTATCCA
34'TAATGCA4=AATGATATTCkTTlkTTTAGIGCGTTCATGTTGCAGT TCGAOGGATG GAG
CAGAG4AAAATACACAT+GTTAO C AAGOG AG CT"l'1"TAC C
ATTCACXACCCTG3T=AACCGGfPIT4YGATCGGAGAAGGAAAGATGAGTZCTTCAAAA GGQAATTTTATAGC
GT'TGATGACTCTCCAGAAdGAGAT'T`AGOGCTAAQATAAAGAAA 1 CATACTG,CCCAGCTUGAG-
TTGkN3GAAATCCAAtAA.'[ GAGATAl~CTAAATAC
TTCC'TTGAATATCc=AACCATAAAAAOGCCAGAAAAA,TTTGG GGAGATTIrACA
GTTAATAGICTATGAGGAGTTAGAGAiGT2"PATTTAAAAATAAG OAATTGCATCCAATG GATTTAAA;kMT G
CTGPA G CTGAAG AAC'T"TATAAAGATTT'T AG AG CC AATTAGAAAG AGGAATAA T  22GAT
Mutant 5)'77 i t815 WRS A  C GAA  ATG  AAAATCTiiCTACAATAGGTTT inG~o gate m-
CAAGT  TAA A  7 1 9 OCT 2005  >PCTIUS02112465  



117 WO 02/D854)23 queitCCNotestflNA or I:QRS ID # aQTAAA. T34CA'fWA(
'CATTATCTCCAMTAAAA#AGATG#TTiaATTrACAA6AATmethoxy GCTGGATTTGATATAATTATATT
rTGGCTf -TTTACAC CTA'ITTAAACC#GAAA a,lalaniacinto ' TGGATGAGATTAGAA#A
TAGGAGATTATAACAAAAAAGTr?MAAA  WAQhM ATGGOM-rAAAGGCAAAATAxTr,F -EAT(p:
AGTGAA77CCAGC'"mATAAGGATTATpr ns (OW 1-6) ACAICW~ ATt3TCTATA8ATTGGCrnAtiA
OLACTACM"t ATGGAA=ATAGCAAGAGAGGAT13AAA#TCCALPA G"TZ+r'CTGAAGT'T'ATCTATCCA
ATAA'I #Q=AATCATATTCATTA' CAC7GCG'S7'{`A C3GAT3 GAGCAGAGA
06"TACACATC3TTAGCAAGWAGCTTMTACCAAAAAA[ GTTGT'TTOT ATTCACA#CCCPGPCTTAACGGGTT
,GATGGAGAAGGAAAGATGACFrTCTTcAuA (3GGAATra ATAOCT(3TTGATG)=CTIOCA A aAJ
aATTAr.=TAAGATAAAGA#A
GCaTACTGCCCAGCTGraAGTTGTTGAArGWTCCAATAATGGAGAT#GCTAAATAC TT CCTTC3 AATAT CC
TTTAACCAT AAAAAQG C CAGA A AAATT'TC G TCG GAGATTTU AC A
GTTAATAGCTATGAG4AGTTAGAGAGTTTA=AAAAATAAG4AATTGCATCCAATG GATTTAAAAAATGCT! '3
'AGCTGAAGAACTTJITAAAGAT VrAGAGCCAATTACGzkC, AGATTATAA 3ATuG#CGAR'"i1
-,AAATGATAAAGAGAAA"ACAfiC AATTATCAGCGAGGA, G#C3 Mutgrn synChe CS xORS '
TTAAGAaATTTTAAAA#AAGATCAAAAATCTOCTACAATAGGT  TTTGAACCAAGT  ' P C m- "  ' AC,
AAAT  GMAAAATACATTTAGGGCATTATCTCCA ATAAAAAAr.ATGA  TG#  1
GCrGGATTTGATATAATTATATTGTT=CGATTTACCAGCCTATTTAP.ACCAGAAAmetlhoxy
O&MAGTTGGATGAGATTAGAAPwkkTAGGAGATTATAACAAAAAuAGT'LTTTI AAGCp icilylaimine
into 



A' QE}AAAGGCAA.AATATCTl'TTATGGAAQ OAATT A TTGATAAGGAT'`AT proteins i ) "
ACACTGAATGPCTATAGATTGGCTZ  1'AAAA.A,CTACCTT ATGGAACTTATAd
CA#GAGAC,C,XTGAXUTCCAAAGGTTi3CTGAA(3TT#TCTATCCA ATAATGCAGGTTAATC~ATATTCA
TAATTTAGGC,"i'DGAT='GCAGTTGGAGGGATC 6AGCAGAGA
A.kATACPkCAT=TAGCAAGGGAGCTTI'TACC A.a"PCA.CA#CCCTY3TCTTA#CGSTTTGGATOGAG
`%hAACATCArrTTCTTCAA#A GGGAATTTTATAGCTG'LTGA=W=C 'CCAGAAGAGATSAGG
CTA#GATAAAC,} AA GCATACTGCCCAGCTGCAG TCC'AATAAT33GA(,#TAGCTAAATAC
TTCCTTGAATA`'CCITPAACCATAAAAAC,GCCAGAAAA} VMGGTGGAGATTTGAC# GTTAATA(3(;
T#TGAQGAGTTAGACAGMATI TAAAAATAAGC3AATTGCATCCAA,,TC,
GATTTAAAAAATGCTGTAGCTGAAGAACTTATARAC3AT1T1'AdGAGCCAA4TAGAAA(, ,LGADTATA,A
24APGCAt7~aAAATGATPJ6AG#GAAACACA'PCP{,AA3kTTATCAC,OGAG4AAG#GSUtant
syiflhCtas to TTAAQA{+ACAC3TT^_TP~AAAAAAGATG1yAAW4TCTaC"CACAA'`AG[
iTZ'PGAACCAAGT  ' ~nc '  " C3GTA#AI4  rACATT  PATCTCCA7iATAAAAAII(3AT44TTGAT
TAT-LAAAT  LAGGGCAT (~r-T -0C,ATTTGATATAA'TTATATT93TTMCTGA'ITTACACGCC
IATTTAAACC7 CTAIe 03AGAOTT0GATGAC~ATTAGAAA3u TAGGAGATTATAAC
AGTTTTTGAAQCApbenylalartine into TC oc~cTTrA GOCAA aT rT Tr~Ga SPAT 'r CAGC
TGATr GATT T proems (OMB 7) ' TTTAA 4AACtACCTT,A}yp~J{AGAGCAJkGAAGGAGT
ACACTGAAT'G7C'T'ATAGATTGGC ATGGAAC TT ATAO C AAGAGAQGATGAAA AT C CAAAGG-n G
CT GMGTT AT CTATC CA AT AATGC #G GTTA#TT ChTCAC#4VrAT GAGGG C GiT GATGTTG C
#GTT a GAOGG AT G 6RGCAGAGAAAAATACACAT{ MAGC A rx=nr_ pAC ATTCACAACcc
GTCTTA#OGCGCT'?GGATGC,AGA#GGAAAGATGGAGTTC'm'cAAAA
GGGAATTT'TATAGCTGTTGATGACTCTCCAfiAAG=TTAGGGCTAAGATAAAGAAA GCATA
CTGCCCAGCfWAGTTIGT'FGAA{AGAR#TCCAATAAT(3GAG#'TAGCT k LATAC 



TTCCT'PGAATATCC'1'rTAACCA.TAAA#AGGCCAGAAJLAA''YTGGTGra ATTTGAC#
GTTAATAGCTATGAGGAGI TAGAG#G=TAT1'TAAAAATAAGCAATTGCATCCAATG
GATTTAAAAAATGCTGTAGCSAC,AAGAAC?rATAAAGATTTTAGAGCCAATT CAAAG AGATTATAA 25ATi
CQACGAATTTGA#ATGATAAAGAGA,AACACATCTG#A#TTATCAQCGAGGAAGAGMutant aynthecase
toRS TTAAGAGAGGrTTTAARAARAGRTGAAAAATCTGCTCAT.UAOGI7"!'PGAACCAAtTl'  "  '  '
ncntporaic m= '`  '  '  ' AGGGCATT#TCTCCA?LATAAAAAAGATGA  !TACAAAAT
rGTAAMTACA:  1  1  T4C  AT  L GCTI'i ATTTG#TATA#'=ATATTil-r
`CCAGATnACAMC=A=A#ACCAGAAAm oxY GGAC;M TrGATGAGALTTAGAAA A' 'ACOAGATTAT ACAA
knnrTTT T #OCAphenylalanine in[a A -GAG TWCTGCAAAxTAT r
ATCtaAAGTGAATTCCAGCTT-CAT" GATTATsteins (OMe 4-1'
ACAt'TGAATGTCTATAGATTGGCTTTAAAAACTACC'TTTAAAAAGACiCAACAA C%AUT
#TGQAACTTATAGC#AGAGAGGATrA T,CCXAAOU''rMTC3AAGTTATCT#TCCA  ~
ATAA'YGCAGGTTAAT(3ATAT' 'CAT'TAT  a[aCCTTGATOTTGAGG'r GMGUATr- 



GAGCAGAGAA.AAATACACATGTTAGCAAC,GGAGCTTTTACCA4AAAAGOTTGTTTGT
ATTCACAACCCTGTCTTAACGGGJ'f TC7GAT0GAGAAGGAA#GATGA.GTTCTTCAAAA GG G A
ATl'1''ATAC3CTGTTi" A T GA CTCTC CAGAAG AA ATl`AGGGC'TAAGATAAAG AAA
{ACATAC3r CCCAGCTGGAC^' "3'C"AAGGAAATCCAATAATWAGATAGCTAAATAIC
TT4^2`GAAT4kTCCTTTAACCATAA.AAAaGCCAGAAAAATTTGrGTGGAGATTTGACA GTTA#T#GC'
;kTGAGGAGTTAGAG#GTTYATT'TAAAAATAAGGAITTGCATCCAATQ
GA'!"'1`AAXAAATGCT"GTAG=AAGAACTTATAAAGATTT'TAGAGCCAATTAGAAAC A>3AT1`ATA A
26ATCGACGAATTTGAIA$TgATAAMAC%AAAC#CA'TCTGAAA'T`J ATCAGCGAGGAACAGMutant
synLhecase to' TTAAGA13ACGG't'TT'TAAAAAA#GATGAAAAATCTGC'T'CACATAGQTTTrGAAC;
'CRAGT  ' C~- ' GGTAAAA  TACATTTAOGGCATTATCTCCAAA
TAAAAAAGATGATTGATTTACAAAAT
GCTGGATTTGATArTAATTATATTC#zTGGCTGAT'T'TACACGCCTA'T'TTAIACCAGAAAmet oxy
COAGAGP'TG(IATGAGA'LTAQAAAAATAQGAGA'TT'ATAAC A#GCAphenylalanina into
ATGGGGTTAAP,GWAAAATA7%07'1'PATl3GAAGTGC#TTCCAG "TGATAAGQATTATBins ((M 4-8)
ACACTGAATGICATAGATTC331:,=AAAAkCTACCTrAAkX]ACACCAAGA A<,GAC+t ATOr&AA
'ffATAi3CAAGAGAGGATGAlIAATCC TTATGTATCCA
ATAATGCAGGTTAATGGACACCATTATATAGGCCrWATG' =AGTWGA G(3ATG
GACCAGAGAAAAATAC7ACATGTTAGCAA]~WAGCl'P ACCAA.AAAAGGTTGTTTGT
ATTCACAACCCTGTfTTAACGOGT'TTGCATGOAC.GAAAG#TGAGT'PC~AAAA t3GGAATTTTATAGC 4rar
+ATGACTCTCCAGAACJCATTAGGGCi'AAGATAAAC,A.AA GCA'TACTGCCCAGC
W.AGTT7MGAAC~GAAwAT-CAATAATGGA.GATAGCTAAATAC TTCCI'1'GAA}A'TCCTTTAACCATA#A
AAGC3CCMA A#AAaA'TTTGA4CA
GTTAATAGCTATGAGGhGi'TAG#GAGTZ'TA=AAAAATAAGGAATTGCATCCAATG n'T ~nV'  13TIU
02112465   118 WO 021085923 19OCT 205  Pf'T7(1S02112465 SequenceDotesIRNA or
SEQ"`MS ID9 GA TTAAAAAADGCTGTAGCIGAAGAACPTATAAAGATTTPAGAGCCAATTAG. AAG
AGATTATAA AT GGACGAATTTGAAATGATAAAGAGAAACACI4TCTGAI4ATTAT^ dGCGAGGAAG.IG 



27' Win Syotheume EOits ' AT  TTAAGAGACaCT"i'1TAAAAAAAG IDOorpora p-0-all-yi
GAAXAATC1GCTthCATAGGrTTTGANCCAA ?  '' O-0 TAA ATACATTTAGGGCA
TATCTCCAAATAAAAAAGATGATTCATTTACAAAJ4T tYMSi:2e intopratCin5
GCPGGATTWATAB'AATTATATTGTIIGCTGA7T'TACACGCCTATTTAiSACCAG,AXX4
GGAQAGTTG=T"GAGATTAGAtyhAATAGGAGA'1`1`AT AAGCA
ATGGGGTTAAAGGCAAAATATCTTIATGGAAGTGCATTCCAACZTGNTAAGGA'LTATAJ)I ACACTGAAT
GTCT ATAC,AT7X3 G CTTT AAAAA CTAC CTTAAAAAG AG CAAGP.AGCAC T AT
GGAA=ATAGCAAGhGAGGATGAAAATCCAAAGGTTGCIIA AGTTATCTATCCA
ATAATGCAG=IAATTGCGCACATTATj'TACGC TTIATGTTOCAGTTGGAGGGATG
GAGCAaAOAAAAATACACATO TTAGCXkGC;GhGCTTPThCCAAAA.AA PGTTTOT AFMCA):AACCCT
TTAAC PTTGOAT4dAGAAOGAAAC,ATGAGl` C1 A G GG AATTTIAT&A C11G" 1"T G ATG A CPC
T C CAGAAIJAGATTA{s'(~GCiTAAC3ATAAAG AAA GCATACTr.CCCAC
CTGGAGTTGTTGAAGGAAATCCAATAATGGACATAGCTAAA.TAC TTCC
rGAATATCCTTTAACCATAAAAAGGCCAGAAAAATTTGGTGGAGATTTGALA GWAAT AGC TAT G AG G
AGTTA6 AGAOTTTATTTA,AAAATJkAGO AATPgC ATOC AAT G frATT1`AAAAAATGCTGTAGC
TGAAGAACTTATAAAGAT-TTTAGAt.+CCAATTAGAAAL, AGATTA.TAR
$ATGGr,CGaAT7z~rcaAATCAMAAAGAGAAAC CATCTGAAATTATCACOGAOGAACAOAm;noacyl M
NARS TTAAGAGAGGTT] TAAAAAAAGATGAAAAATC2 GTATP~GQTTTTGM&CAA 'P Sy[rk}IC[ikSE
CLOii or ' AG GOC ATEkT CTC C AAAT A WAG ATGATTG ATTT ACAAAAT ffib  G OT
AAAATACATTai  f L  GC
GakTTTGATATA,ATTATATTaVTGGCTGAT?TACACGCCTATTTAAACCAGAA34c  = E on o  



p- GGAGAGTTIGATiGAGATTAGAAAAAlACC,AIATTATAAC GCAbenzoyl-L-
ATCGGGT7AA1kC~GCAAR T+A'1t"1i
"L"rA'11C,GAAGZTCCZ'1'CCAGCTTGATAAfiiGA'P'IATphenylalamne (p- ICACTG  A a  A
S(H6)) CO A  GAGACCATGAAAA p AAAGGTTGCTGAA~31`T'14TCThPCCAi4  ATGGAACTTA
TAATGCAGOTTAXT OA "ATTATCTGGGCGT GATGTTCCAOTTGOAOGGATGG
Al'CAGAGAAAAATACACATGTTAGCAAGGr ACCAAAAAAGGTTRTPTOPA TTCACAACCCT
TCTTAACGGG1'TTi+GGATGGAGAAGGAAAGATGAG1TC'TTCAAAAG GGAATT
--ATAOCTGTTGATGACTCPC;CACAAGAGATTAGGGCTAAGA'r'AAAGAA.AG CATACTGCCC G;
C'r+GI"A GTTCAAGGAAATCCAA7AATGGAGATAGCrAAATACT
TCCTTGAATATOCl"P'1TAACCAT'AAAAAGGCCAGAAAAATTTC GTGGAGATTTGACAG
TT+rATAGC!'ATGAGGAGTTAGAGAC;TTTAT'1TAAAAIXAAGGAI-TTGCATCC ,ATGC3
ATTTAAAAAATGCTGTAGCTGAACGAACTTATAAAGA'TTTTAGAGCCAATrTAGAAAGA GATTA
29ATGCACGAATTTGAAATGATAAAnAGAAACACATCPGAAATTATCAGCGAOGAAGAbAn Qgacyl tRNARS"
TTAkCar-AC C,TPl'lTAAAAX%AGATGAAAAATCiTGCTJT A.TA "TTTTGAACCAAGT nn Cr '
GGTAAAATACATTTA{C~OCATT  ATCTCCAI~ATAA14AA1tGATGATTGATTTAC RAAAT
GCDGGATTTGATATAATTATATrGT rGt3CTGATTT'ACACGCCTATTT AACCAGAAAChi in C r O
a1io of p-
GGAGAGTTGGAT'GAGA'rtkGAXAAATAGGAGATTATAACAAAAAAERT1'1TGAASCAziido-pheoylalzn
iine
ATGGGGTTAAAGGCAAAATATGTTTATGGAAGTAATTTCCAGCTTGATAAGCMATTAT(pAz-PheRS(3))
ACACTGAATGTCTATAGARTGC?CT'i"i'AAAAACTACCTTAAAAAC AGCAAGAAGCAi,
ATGGAACTTATAGAAGAGAGGATGA,AAATCCAAAGATTGC GAAGTTATCTATCCAA
TARTGCAGGTTAATC'COC" TCA7rNrCXOGGCGTPGATGTTGCAGPTGC1AGGOaATGG
AGC'.AGAGAAAAATACACATCiT T13CA AGGGAGCTTTTAC!CAA AAAAGGTTGTZTGTA
TTCACAACCCTS3TCTTAAC4C;s4rT TGGATGGAGAACGAAAGAT TCTTCAAAA6 GGAA
TTIATAGCTGTTGATGACTOTCCAGAAUAdGATTAGaaCTAA03AT~G CATAC GCCCAGCTGGh TT
ITTYGAAGCAAATCCAATAATOGAGATAGCfAAATAUr.r TCCTTGAATATCCA
rAACCATAAAAAGdCCAGAAN4A~` 'PTTGACAG 



T1TAATAGCTATGAGGAOTTAGAGAG 1TATTTAAAAi4TAACTGAATTGCATCCAATGG ATTT AAA
AAATG`C=AGCl'GAAG AACTTATAAAGATTTTAG AG C CA ATT A G A A AGA GATIA
3elATtOXCGAA'1TTGAAXraATA,AAC 4GAAACACATCTGAAATTATCACCGACGAAGAG AminoacyI
tRNAR ` AT AG(3TTTTGAACCAAOT synthetase clone for TTAAGAGAGGTT'i'P,
AAAJ4AAGA~ATCTGCZ GGTAA,AATACATTTA&aGC:ATTATCTCCAAATA AAGATGATTGA II ZAAAhT
G{:'MGATT'PGATATAATI"ATATT GG ATTTACAt'C 'CTATTTAAACC'.AOAAAthe
It104C1}C1Y&o n C f p- GGAdAOTTGGATGAGA2TAC;
AAAAATTAGGAGAT'TATA,ACAAAAAAC,TTTTTGAAGCAaaido-phenylalanit7e ATGGGCTTAAAIC
CCAAAATATC; TTZA CAG '7n?&ATAAGOATTNT-ph )) ACACTGAATGTGTATACATTO
CTTl'AAAAAC!'ACC TAAAAAGAGCAAGAAGCaAC,T
ATGGAACTTATAGAAGA{iAGGATGAAAATCCAAAGOTi C GAA$ TATCTATCCAA TART GC AC
=AATCCTCTTCATTATGAGGL3 C[;rl'1 U ATG T'TGC A GTTGGhIGC A TGG AGCAGAC4JU Ak
4TACACAT( 'T AGCAAGGGAGCTTTTACC A
TTCAC'AACCCTGTCTTAI4CGGGTT?*GGATGGAGAAGGAAAGATC3A0 TPCTTCAAAAG
19AATTTTATAOCTGrfUATGACTC1'CCAGAI4GAGA' TInGCn"1`AAQATAAAGAA,AG
CXTACTGCCCAGCTGl 3A6TTGTPaAAdGAAAICCAATAATGGAGATAGCTAAATACT TCC'[`M)
xkTATCC=AACCATAAAAAG~hGA %AAA'PS'TGGTGGAGATTFTGACAG
TTAAWAGCPAIIAGGAGTTA!((3AGAC3TTTAg TTAAAAAAkTAAGGAATTGCATCCAATGG AITTAAAAAA
OCTG AGCTGKNsAACTTATA,AAC,ATTTTAGAGCCAATTAGAAAGA GATT)4 1ATGGACGAATT GAAAT
ATAAAGAGAAACACAT+CTGAAATTATCAGCGAGGAACAGArninoacyl 1121AR 'iTAAGAGA{
aTrTTAAAAAAAGATOAAAAATCI+C CTCTTAVAGG TTTGAAfiCAAGT  ' S +i1tFFCtBSG done
for ' YACATTTAGGGCATTATCTCCAAATAAAAAAGATGAT UAT oraHon of  OGTAAAA -
TACAAAAT the in ' GGATTTdATATAATTATRTTC TGGCTGATTTATACGQCTAaTTAAACTAGA.AA p
GCp GGAt;AG'TTGCrATG14GATTJ AAAAATAGGAGA'1'TATAAC GCAazido-phenylalanine
ATgMGTTAAAIGCAAXXTAT6T?TXTGGAAGTACT TTCCA&CITCATAAGCATTAT(p-Az-Pha$g2o) 



ACACTGA14TGtCTATM;ATTGGCT3TTAAA CTACCTPAAAAAGAGC+ AGAAGGAGT
ATGGAACTTATAGNAGAG+ ATEAAAATCCAAAOGT1MGCTGAAGTTATCT ATCCAA TAhTGC'AGGTTAATCC
TTCATTATCAGGDCGT'TGATGTTGC,'AUTTGC hOGGNIGG
AGCAGAGAAAA7-TACACAT43TTAGCAAGGGAGCTT TAC TA
RTCACAACCCPGTCTTARCGGCPTTGGATGGAGAAdCY'AA.AGATGAIT!'CTTCAAA]4{ 119 WO
021085923 Segti oeNotest1(NA or SEQRS ID # GG, 4'PTTT'ATAGCP
1TG)4TGACTCTCCAG k nAGATTAD04CTAAGA'SAAAGAARG CATACTG C:CAGCTIChG
TGfTGAAGOAAATCCAAT3lA'1YKf3AGA'PAGCTAAATACT
TCC-rMAATATCCTTTAAGCATAAAAAGGCCAGAAAIVPr1'GOVGGAGATTT CAG
TTAATABOTATGAGG74i,'T"TAGA6Ai,`Tl"PA'lTPAAAAAT+AA{ '+AATTGCATCCAA'LGG NV
TAAA SATGCTGTAQCTGAAOAACT kTAAAGATTITAGAGCCAATTAGAAAGA Cf A'ITA
32XPGC#C(#AAZ'1'1Y~A~111TG1-TAAAGP.GFr AGISCATCTGAAATTATCAGCGA{3{3AAGAG ,
minovcyl tli lR ' TTAAGACAC,GTrITAAARAAAGATG .A.aAA7CTTCTA ATA+4G  rTT
GAACCAALT synlheCaseclone for ' GC TAAAATACATTTA~ATThT
CTCCAAATAAAAAAdC,NPOATINATTTACAAAAAT GOTGGATTTGA knkATT'1 TATT{ 1'TOQCTGATT
ZACAD CC LNTTTAAACCAGA Jkthe incorporation of p-
WAGAO1''GGATGA[~ATTAGAAAAATAGGAGATTATAAC AAGCAazido-plum+lajanine A
GGGGT"TAAAIGCAX&AMkTGTTTATOAAA -TCGTiCCat CT GAA AA13UNTTnT(p-Az-PheRS{24})
ACAC OAA'TGTCPATAGAT'11CaGCTTTAAAAACTACCTTAAAAAGAGCAAGAAOGAG"T
ATGOAACTTATAGAAGAQAGGA'1'GAAANTCCAAAGO'I'TGCTGAACr ATCTATCCAA TAATGCAGG
TTAATCCaCTOCATTA"t'CxuG P GNPTrDaCAGTTGOAGlG~GATGG
AGCAGAGAAAAATACACATG'STAGiCAAGOGAGCTTTThCCAAAAAAGGTTGTZ"FGTA
TTCACAACCCTGTCTTAACGGG'PTTQGATOCAGAAGGAA1kGAtGAGTTCTTCAAAAa GGAATTTTATA
GCTG'1TGATGfCPCTCCAGAiiGAGATTAGGGCPAAIC~Ai`AAA(;AAAG CATACTGCCCAGCPGGAGT
TGAAGGAAATC:CAATAATGGAGATAGCTAAATACT 'PCCl
TMAATATCCTT'TAACCATAAAAAGGCCAGXAAA14ZVTGG OGAGATTTGACAG
TTAATAGCTATGAGGAOTTAGAGAGTTTATTTAAAAATA AUGAATTOCATCCA$LTGG ATTTAAAAAATCC GT
kGCTGAAGAACTTATAAA4 ATTTTAGAGCCAATTAGAAA" GATTA 33ATGACCGATT TCAGCATAAT
TGAOGAGAAG TOGCAOAAGG COTGGGAGAA ArchawglobusR ' GGACA.GAATT TTTGAG CG
ATCCTAATGA GAAOGAGAAG 



ITTTTTCPCA fulgidas iemyl CRNA- ' T AATGGAAATC TTCACOCAGG TCACACGAGA
CAATTCCCTA T'CCYTACCI ACCT1'CACAA ITGGCGATGC CTTCGCCAGA TACATGAGAA
MAMMASynthetasc (AFLRS) CAACGTTCTC TTTCCCCTCG GCTTTCATGT 74C0GOCACC
CCAATcMrG GCCTTOCGGA GCTCATAC,CC AAThGGGACO ACAGGACGAT AGAGG1TTA.C
ACCAAATACC 1kTGACGTTCC GCTGGAG3GAc ''1'OCTPCAOC TCACAACTCC AGAGAAAATC
OTTGAGTACT TCTCAAQGGA GC3CGCTQCAG GCTTTGAAGA GCATAGGCTA CTCCATTGAC TGC3A+G;
AGG r TICACCAC AACCGATGAA GAGTATCAGA OATTCATCGA GTGGCACTAC TGOAAGCTCA
AGOACCTTGG CCTGA'ITQQTG AACGGCACCC ACCCCGPCAG ATACTGCCCC CACCACCAGA A''CCT'f
11 c3A AGACCACGAC C1'TCPCGCTC GGGAC(AGGC AACTATTQTT GAATTTACCG TTATAAACT1'
CAGGCTTGAA GATGGAGACC TCAIT'1TCCC CTGTGCAACT CTCOGTCCCG AAACCGTITP
TGOC{?PCACG AAACATCTGGG TAAAGCCGAC AACUTACGTA ATT( CC,A TGGAT'IGGGA
AAAG1'GG''t'T r"TGAC CAAAG AGOCTTACGA GAAGCTCACC ''ACACGGAGA AAAAAGTCAG
QCTGCT'GGAG GAGG1'TGATO COTCGCAGTT CTTCGOCAAG TACGTCATAC TCCCCCTOGT
AAACAGAAAA GTCCCAATT'C TGCCTGCM GTTTGTTGAC ACCGACAAOG CAA,CAGGAGT TGTGATGAGC
GT?CCCGCAC ACGCTCCT r TCACCTGGC'T GCCATTGAGO AC TGAAGAd AGACGAGGAA
ACCCTOGCGA AG: ACGGAAT TGAC$AAAOC OTTOTAGACA CrCATAAACCC AATAGTTC:IG
ATTAAGACGC AC,'ATTGAAGC TGTTCCTGCT C kGAAGCTAA TAAGRGAGCP TGGAGTGAAG
A4CCACAAGG ACAAGGAGCT GC'C'GGATAAG GCAACCAAGA CCCTCTACAA GMGOAG3'AC
CACACGGGAA TCATGCI+GGA CAACACG3ATC AACTATOCTG GAAIGAAACTY TTCTOAG{3CG
AAGCThGACAG Tj'CATOAGGA TT"1GGTTAAG CITOOCTTOL3 OGGAT{ TTTTT CTACahT 'TC
AGCGA(,AAGC CCCTAATCTG CAOGTGCGGA ACGAAGTGOG TTGTTAAGCT TG'TTAGGGAC
CAGTGGTTCC TGAACTACTC CMCAGAGAG TGGAAOOAGA AGGTTCTOAA TCACC'TTGAA AAQATGCQAA
T+CATCCCCGA CTACTACAAG GAGGAGTTCA GGAACAAGAT TGAGTGGCTC AGGGACAAGO C'T1 T1
CAG AAGGAAGGGG CTTGGAACGA GAATTCCC3TC GC,ATAAGGAG TGGCTCITCG AGAGCCTTTC
AGAC"PCAACA ATCTACATGG CCTACTACAT CCTTGCCAAG TACATCAA CAGGAT'Vc t'T
CAAG"CCGAG AACATC3ACTC CCGAGTTCCT CGACTACG'IDG CTCCTCCCGCA AAGGTGAGGT TGC
G,AAAITTT GC iOTT WAAAC'PCAG CGTGGAGTPA ATCCACCAGA TCAGOGACGA CT'TCCAwT'AC
TCGT'ATCCCC TTGACCTAAG AAGCA{TPGGC AACGACTTGG  3C,`AA ACCA CCTCCTCTI'C
TACCI'CTTCC ACCAC TTCOC CATTTT+CCCC CCAOATAAGT GGCCGAGGOC AATTGCCGTA
AACGGATACI TCAGCCTTGA GGGCAAQJ G  GAGCA#GA  



A'l  + y  ~  ~  CCAAAGCGCC_ CTTGCI'AACG ATGA,AOAGOG C`U Tl1'3CACCA
GTATGGTOCO CA'TC,TGACGA GGCTCrACAT CCTCCACGCT GCAGAGTACG ACAGCG3ATGC
OGACT4GAAG AGCAGAG+AGG TTGAAGGGCT TC3CAAACCAC C CAGGA CT 1CTACAACCT
CGTGAAGGAO AACTACCTCA AAGAGGT50G AGjkOCTAAC1A ACCCFCGACC GCi'GGCT'TCT
OAC3CAGGATG CACM55AA TAAAGGAACT GAGGGAGGCT ATGI3ACAACC TOCAGANGAO
GAGGGCCGTI3 AATGCCGCCT TCTTCOAGCT CATGAACGAC OTGAGATOGT ATC'POAGGAO
AGGAGGTGAG AACCTCGCI'A TAATACPGGA CGACTGOATC AAGCTCCTCG CCCCCTCTGC
TCC7GCACATT TGCGAGGAGC T {TI GC ACTP CAADCATGAC AGCTACCTCA GCCTCGAAAG
CTACCCAGAA TACGACCAAA CCAGGGTTQA CGAGGAGGcG GAGAGAATTG AGGAATAC=CT
CCGAAACCTT GTTGAGGACA T'ICAGGAAAT CAAGAACTT r GTTAC3CQATG CGAAGC#AGGT
TTACAt1OCT CCCGCCCA- G ACTGGAACGT TAAGGCAGCA AAGG CGT`PG CTGAAAGCGG
GCATGTrOGG OAGGCOATOA AGCAOCTTAT GCACGACGAG GACCTIAGGA AGCTCGGCAA
AGAACT'G''CA AATTTC TCA AGAAGATTTT CAAAGACAGA AA' AAGC"TGA TGCTAGT'TAA
GCAGTGGGAA GT'CThCAGC AOAACCTGAA ATTTATTGAG AATOACACCQ CACT1'rAAt3CT
IATTCTTGAT I cTONGAGAG TTCCTGAGGA GAACAGGAC G CAOCCACs'I1C CG93CAAPCC
CGCGATTPAT G_'TOCTTAA ACC  T A  CO  C  34T MethambacteriumRS A  G  G  TT TT 



CTCACA  GTL  T t op is  GAAAAA thek7noauwkro ium A  OAC CCTGATGACA C  TC
AGGC +1 -0 u f T j 0',I  PCTfUSIO2112465   120 r 7 WO 02{085923 PCT{[:
S02/12-465 Seu~nCeI~IotesRNA or SEQ-j!3 ID # CCTACCCCAG TGGTGCCiATG
CACA'rAG3AC ACGGGAGGAC C'I'ACACTQTCleucyl LRNA- CCTGATGTCT ATGCACGGTT
CPAGAQGATG GAMCC'TACA ACGPCCTGTDs}'ii eta  [MtiA ) TCCC7sTCGCC TQGCATc TCA
CAGGGGCC~CC TGTCA'rAGGG ATAGCGCGGA, GGATTCAGAG GAAGGATCCC T iGACCCTCA
AAATCI'ACAG GGANGDCCAC AGGGTOCCCO AQOATOAGCT TGAAL=IfM Ayr;TGACCCTG
ArTACATAG'P TCAATACMC A13CAGMAAT ACCGGTC GT TATGGAGGAT' ATGGGGCTACT
CCATCGACTG GAOGCGTGAA TTCAAAACCA CGGATCCCAC OT'ACAQCAGG 'ITCATACAGT
GGCAGATAAG GAAGCTGAGCf GACCTT"GGCC 'CGTAAO AA GGGCGCCCA CCTGPTAAkG T
ACIGCCCTGA ATG GAAAAC CCTQTGGG'1 ACCATGACCT CCTTGAGGGT GAG3CK3GN'G
CC'ATAAACCA GCTCACACTC CTCAAATTDA AACL' GGAGA CTCAi ACCTG GTCOCAOCCA CCTTCAG
C CGAC3ACAATC TATWiGGCCA CCAACC'i'CTG GCTGAACCCT GA'TGAGGATT ATGTGAGGGT
TGAAACAGGT 4GTGAGGAGT GGATAATAAG CAG4QCTGCC QTGGATAAT'C ?TTCACACCA
t3AAACTGGAC CTCAkAGC -M CCCGTGACOT 



CAACCCCGC3G GACCTE3ATAG OGA't`GTGCGT OGAGAATC!CT CTGACGGGCC AGGAACACCC
CATACTCCCG GCiTCCTrCG 'PT+GACCCTGA ATATrCCACA C, FTGTGT TL 'Tc GTC~CC
TGCACATGCC CCrG AGACT TCATAGCCCP 'IGAGGACCTC AGGACAGACC A'1'GAACTCCT
TGAAAGGTAC GGPCI T AOG ATGTGGTT@C TGATATTGAC` CCCGTGAA'TE; R'CATAGCAGT C,GA1
CTAC GGTCAGTTCC CGCCGGCCGA GGTTATAGAG A34ATrTGQTG 'PCAGAAACCA GGAGGACCCC
CgCC-I TGAGG ATQCCACCGG GOA3LTATAC AAGATCG-AGC ATCMAOMG T=AMAGC AQCCACATCC
CT4TCPATGG TGGTATGAAG G'TCTCTQAGG CCCGTGAGGT CATCGC'PGA? GAACT+GAAGG
ACCAGGGCCT TGCAGATC,AG ATGTATCAAT TOGCTuAcACG ACC GTTATA TGCCG`Z CG
i?rMGCAGGTQ CCGTT AAGG {3'I"CATGGAGG ACCAGTGGTT CATGAAQTAC TCTGATGACG CCTO A
CCTCGCCCAC AGG' D%CCTCG ATGGCA'TCM OATAATACCCC GAGGAGGTCC GGGCCXACTT
TGAATACTAC ATCGACTOGC TCAATGAC17G GGCATGT?CA AGGAGGATAG r.CCTT GAAC
AAC313CTGMCC TGGGATGAGA GCTOGA-TCAT CGAAOCCCTC ACAGACI'CAA CAATCTACAT
GGCAT'ATTAC ACCATC{3CAIC A.CCGCCTC AG GGAGATGGAT GCCGGGGAGA TGGACCAk,r,A
GTTC TTCAT GCCATATTCC TAGATGAT'TC AGCAACCTTT GAGGATC:CAk GGGAGCAATT
CCG2TACTG'G TACCCCC7TG ACTGGAQGCT CTCTGCAAAG GACCTCATAQ QCAATCACCT
GACATTCCA'P ATATT=ACC ACTCAGCCAT ATTCCCrGAG TCAGGGGC CCCGC,~ TGTGGTCTTT
GGTATGG CC 'CDCT1'GACGG CAACAAGJkTC, TCA'DCCTCCA ACGGCAACGT CATACTCCTG
AGGCATGCCA TC6ACAAC3CA c GTGCAGAC GTOGTGCQGC 'PCTTCCTCAT C3TCCTCAOCA
QAGCCATGGC AGGACTTTOA CTOGAGGGAG AGTGAGGTCA TCOGGACCCG CACGAGGATT QAATGGTTCA
GGGAAT19CG AGAGAGGGTC TCAGG'PATCC TGGATGGTAO QOCXG PCCTC A=AGC PTA CTCCA
CTC3A ACCMAA C TTCATTc43AA 097t=TGAT GGG2 CAGCTG AACCACAGCA TACGTGAAGC
CACAA.GOQCC CTTGAATCAT TCCAGACAikG AAAGGCACTT CAW1 GCAC TCTATCTCCT
TAAAAAGGAk'L' GTTL3ACCACT ACCTTAAGCG TG-MAGGCT AGAGTTGATG ATCaAQGTTAA
ATCTGTC'CTT GCA AACOTTC TGCACOCCTG GAi'1`AArGCTC ATGGCrCCAT TCATACCCTA
CACTGCTGAG GAQATQTGGf.' AGAGOTA'DGG TGGTG4GC.G+ TTTGTAGCACA AAGCTCCATG
GCCTGACTTC TCAGATGATG CAGAGAGCAG QGATGTGCAG i1 GCA.GACG AGATGG1'CCA
GAATACCGTT AGA{3ACATTC AGGAi1ATCAT GAAGA'IGLYT GGATCCACCC CGGAGAGGG'T
CCACATATAC ACCTCACCAA AATGGAAATG OGAT'CTGCTA AGC3GT4--GCAG CAGAGGTAGG
AAAACTAGAT ATGGQCTCCA TAATGGGARG G( T'TTCAQCT GAC c3IcATCC ATGA.TAACAT
GAAGOAGGTr GCTGAArrTG TAAGGAGGAT CATCAGGGAC crT3GTAAAT CAWGG+TT'AC
GGTGATAGAC GAC,TACAGCG TACTCAT A 'rGCATCIGAT TACATTGAAT CAGAM~C '
AGCCAGGC?Irr GTGATACACA GCAAACCAGA CTATGACCCT GAA1hACAAY G CTGTr,AATGC
CaTTCCCC'1G TAGCCAGCCA TALTACCTTGA AT('A
35MDEPEMi7{PNTS$IISEPELREVLKKDEKSAUIGFEPSGiCIMLQHYLQIkCKNIDL(2Nmutan( TyrRSR
AGFDIIILLADLHAYLNQKG12LDEIAXIflDYNKKVFEASGLYMY GSTFOLDK3Y, i16)
TLMFYRLAL[S'1TEZRARASHELIAREDENPKVAErVI CPI VNP Z YPGVDVAVGGR l~QRKIHKLARELf
$t3MCVVCIHNPVLTGLDGEC,KMS55KGEiFIAVADSPEEIAAXIKF[ 



AY CPAG VMNPIl IAKYFLT;YPLTIFRPEiCPY3i3DLTVSSYE6LBSLF1 13{$LHPli
DLK%,MVAELIKI F.EP I RXRL
36MDEFEMIICR.NTGEIxSZEELREVLKI{DEKSALIGFFP$QICIfiL+GHYi.QIKKMII}LQN 'J R
(SS12) " LKA.KYWGSEFQl.A1CDY  AGFDIIILLADLHAYLN KGELE}EIRICIGDYN1OCVFAMC
TLIYVYRLAL.ifTTLKRARP SHELIAnDENP1E3IAEVIYPINQVNP EQRI FEhiLARZLLPKK
CIHNPVl+7'GLDG~GIM$SSKC32+IFIAVDDDSPEETRAK'LELF[ AYCPACVVEGNPTMEIAKYFLEYFLTI
37MDEFEHIxRNTSEIISEEELRLVLKKDP-{SAdRIGFEFSGKIHLGRYLQIKKMIDLQN p-iPr-PheRSRS
' AGFDIIILLADLKAYLNQKGELDEIRKIGL)YNKKWEAMGLKf4=YGSPFI LDKD  f TLN WRLAL
KTTLYAhRRSMBLIAREDFNPxVAEV YYPI-MQVNWfHYLGYLVAV WM
EQR2CIRKLARSLLPKKVVCIE3h1PVL7'GL aEGKMSSSPLGE'1F'IAVDDSPEEIR 4TKK AYCPAt,
IVEGNPIHI'IAKYFLEYPLT I KR Pt XFGGDLTVNSYEELESLFKNKELliPM AfXKA VAEELIKI
LEPTkKRL V MDEFEMIK]Z I'SEIISEEEI RE~JEKECDEKSAQIGFEPSORTEiLCNYLQIEFJIIALQN
F-N -PheR.S()RS V' NKKVFE3kME3LKAKYVYOSPFQLWwY
AGP'DIIILLADLHAYINQKGRLDE3IFEKIGIIY TLNVYRLALKT'Y'LK7 -ARRSFKLIAREDENPKVAEVI
YP I MQVr+1CSITYYCVDVAVGGK EQRICYKMLARELLPFEKVVCIHNPVLTGLDGEGKMSSMKC;
tiFIAVDCS1'SEITt J IKK AYCPXG-VVEGNP EIAXY 'LEYPL'TIKRP1{FY
C,DI,7VNSYEELESLFKNKZLXPM pLIINAVAEELIK3LEP R RL 29TSpE 'EM:[XRN SEIISEEBLR
VZ.1gCDEKSATICFEPSG]CTEiLaHYTQI fIE}LQN p-NHT-FheRS(2)+ '
I}yNJ{E{ygEAMC3LKAKYVYOSTFQLD#WY  AGFDIIILLAL)LFIAYLNQ=EC.DEIR 2[, T'LNVnU
AL1 rTr KRARRSMZLIAREDMPKVAEVIYPIM AGVI VAVGGM 121 CVO 02/085923 1 9 D CT
2005  PCTIU 02{I2465 SequenceNotesLRNA or . iEQ 



ID# EQRKIRMLARELLPKK CIHNPVLT(,I,MEGKMSSGKGNFIRVDDSP=IFAXIKX , yCPAG
EGNPIIiIAKYRLEYPLTIKRPEKFGGDlTVNSyF, LESLFpNIKELHF3d D UQJAVAEE L I K I LE P
I RKRL 40i4DEFE ZKli[~PSHiSSI $EI3 VLiCKbEKSARI~F6F5C3ICIIiLC DLO[;
p-NH.-PheRS(3a)' AGFDIIYi.LADLHAYLNQICGELDELRK14(DYNKKVFEAMGLKAFCYVYGSr.FQLD
Y TLX4 NRLALK'1 4T LIAREDENPKVAEVIYFIFIQVNRPRYL.GVDVAVGG-M
EQRKIHMGA.RELt,PKin' CIM%MtLTGLUGE{3M+L5SSKGNFIAVDDSFEEIRAIUKx
AYCPAGVVEG'NPIb+ll*IAXYFLEYPLTIKRPEKLnG L't'V115YSELESLFM]'&LHPM D
FNAVAEELIICILEPIRXTM 41NDEFEtfIXRWSSIISEEELRBV ~
AQIGFEP$GKIHLGHYLQIKKMIDLQN__ p H2- RS(3b) ! RS
#GFDIIILLADLAAYLNQRGELDKIRKIGDYi XPCVFEAMGMCAlCY QSPFQLDEDY
TLNVYRL~LF.'TT4PCR?~fRAST1RLIAREDENpAV,~LriYF~~HYACiVDVRVi3Gbi
EQRKIraMr.ARE.r.F3Un' CIHNPVLTflLDGFGKMSSSKGNF'I#VDDSP$EIRAKIKC
AYCPAGVVEGNPIMEIAk4YPLEYPL i2lCE2FEKYe1Gp?L~PV195YEELESLFI{N1[ELHPDS
DL3CNAVA.ELIKILZPYRKRL 42MMFEMIK7iI?1`SETIS $LREVL.
}EV6Sl-SIGFEPE(IKIHLGHYL21Ki4SIDLQPIO-.]-'I' yrRS(l)R `
AGFDIIILLAL}LAAYLNQIOGELUEIRKIGDY'i3 RyFEAMG4FAKYVYGSMFQLDKDY
TLNWRLALK'Y'i`L1 RRSMLIARSDENL3KVAEVIYPnQVFTSKYAGVMVGGM
EQRKIHMLARELLP3Q{VYCI NPVLTGLDGEGKMS5SKGNFIAVDDSFEEIRAXIPLK AYCPAG t GNP}
.IAEIAKYFL.EYPLTIKRP VOGI.LT {rNSYEELESt.Fk{NKELHPM aLJQJAVABELIXILE I1RtLR,
43isDEFEatIKR lT.5LZISE87,,RZVLT MSAa I EPBGKIHLGHYL.QLX
MIDLQNO-Al1yl-TYFRS(3)RS AGF D I I I L LAD LHAY LNQKGE L DE I RK I G DYNKKV
F FAMGI.KAKY V YGSNF Q LDKDy TLNVYRLALKTTLKR.ARRSHELIARBDE"KVAEVIYPINOVF KW
GVD AWGM EQRKIH ARFLLPG .'VVCIHNPVLTULDGECKM5SSKGNFIAVDDSPEEIRAHIKK AYCPAG
RGNPIMEIA]CYFi,EYPLTIKRPEKEQGDLTV SYEELESLFKNKELHPM DLKNAVAEELIKILEPIRK RL
MDEFEMIF.RN1SEIISEF$T.R~~I{SAMIGFEPSGK':HLGHY4QIK dIAI,Q2I  44'
O-Allyl-TyrRS(4) " AGPDIIILLAIXHA-IWQKGELDSI1 pCIGDY  NPCFCVFEAEAGLYJF,
Y+fYGS13FQLDPCDY TLNVYRLALKTTLKLLAI#7LSESELIAREDEN
2XVA$VTYFIILQVNQTKYE'VbVAVGGK EQRKIH ARELLPPCK
CIN.NFVLT[#LDGEGKMSSSKGNFTAVDDSFEEIAAKIKK 34YCF3{GI GNPI2SEIAKYFL
FLTIKRPEK?OGrLTVNSYEEGES41~t i1CELH L 17Li AVREBLIFCIL8PIRXRU
45HDE3?FMIKitNTSEI ISE i,RBVLYFCD$FCSR 7CGFEs~SG~CIxL G7tYE+4IiCE SIDLQ
?p-Br-PheRSR AGFDIIILLADLFIAYINQKGELI}ET1Zt'UL3 SKF LDKDY 



TUT, YRLAL ICrTLM ARR ?LiAREDENPKVAEYIYPIMQVNWMHGVDVAVW,M
EQRLCIHMLARBLLPFCFCWC23 NPVL'1GLDGEGKMS83 xPIAVDDSIEE2PJX11CK AYCPAGV
VEG"IHEIAKYFLEYPLTIKRPEKF'd3GDLTV1JS1EI?LESLFRNFELHPM IMMAVAESLIKILEPIRKRL
46MDEFRiIKRI,ITSEIISEEELRKVLKKDr;. S GFEPSGKIHWHYLQZKFHIDLQNp-Az-PheRS(1)RS
AGFDI I I LLADLKAYLNQ]CGELDEI RXIGI}Yt>KKtIF'E1Lt9GLi5AKYVYGS111}4LDi DY
TLNVYRLALKTTLSCRA R LIAREDENP"KYAEVIYFIMQVNVYHYDGVI VAVMM
E4RKYHMLAREULPKFCV4FCIi3NpVI,TGL'~G$GKIi$SSALGNFI AVtIDS PEEIP)XI EC
AYCPAGVVEGNPIMEIAICYBLEYPLTIKRPB]CFGGDI,TVNSYEEU SLFKNXIELHPM
DLKNAVAEELIKILEPIRKRL 47MDEFEMIKRNTSF:II E6ELREVLKKDEKSAGIG88$SC,ISIHL
RYLQIKlKMXDL.QNp-Az-Phe ,S(3)gs
,AGFDIIILL3S.DLHAYLNQKGES,DEIR7CIGDYNKKVFEA2LGLKAKYVYGSTFQL Y
TI,WYRLALKTTLiMRn SbMLMaR EDENPKVREVIYPIKQVNTYYYLrGVDV#VGGM
EQRFCT}CDtLARELLP1t1CVVCYKNFVTIS'GLt7GF]GKM8951CGNFYAVD]~SPS4IFE.iLiC2PClC
AYCPAG JVEGNPIMEIAKYFL.EYPLTIKFLPEKFGGDLTVNSYEELESL KELHpH
DLKNAVAEELIKILEPIRKRG
OAIIIEFEE-SIKRNTSEIISEEELREVLKKDEKSALTGFEPSGKIHLGHYLQIKICMIDLQNp-Az-PheRS(5)
AGPDIII;~LJ4DLHAYrxmxCEL IRKIGDYNI{KVFEAMGLKARYVYGSPF4LDKDY
TLNVYRLALKTTLKRARRSE{6LIAREDEN13KVi-MY-PrMOV QIKSSGWVAVGC S
EQRKIHMLARM.LFKKVVCIHNPVL.T3LDGEGKMS SKGNFIAVDDSPEEIRAKIKK AYCFAG ErNP
IAKYFLEYPLTIIfRPEKFQQDLTVNSYEELESL.FK=ELHPM DLi NAVAEELIKILE3PIRXRL
49DEFEMIKRNTSEIISEL3ELREVLKKDEKSADIGFEPSGKINLGHYLQIKX IDLQNMU=t 5 thetage
toRS AGFDIIILLADL.RAYL,b1QEGr;.LDEIRKIGMWKKyFE4%y [t{AKYVYCSEFQLa1{DY
fi1001p478iG L1~fiL]+I ' h  l  tLMUU R 4mLIAREDEN?KVAEViYPIb*VNG 1HYQGVDVAVt
li l  TL.E+1SI RLALKTi  i  to p  eny
~pQRKZHy7,ARELLPF~CVSFCIHNPYLrGLDGBGK~SSSSFCGNFiAVJ7DS8EE2W~FCIKiCa  an 



ne  n AYCPACV WNI lmi I KYPLEYPLTIKRFSxFGC ,z'VNSY BLESLFF14KBLKPINproteins
[Ketone 3-4 DLER3AVAEEL I ]CI I.BFIRKRL#
50MDEF8MI4CFLn1'LSEIiSFBE&RgVLKKDEKSAYIC,F$PSG#C3ML+GH3CLQIKKKIII +QD1Mini
synQhCta e(0R. AG IIILLADLHAYLNQK.GE=IRt2GT}YNRXVPEUdGLirAKYVYGSLFQLDKDY
incorporate m-acyl ' TLNUYRLALKTTLKRAA3tSMELIARE talmine into ENPAVA
IYPIMQVNDIHYTGVDVAVGGM EQRI{IHML.ARELLPKKVIV
IHNPVLTGLI3GEGKHSSSKGNFIAVDDSPEEIRAHIKXp Y AYCPAGVVEGNPI 1EIARYFLEYPLTIPER
RFGGDLTVbl$YEELESLF1(NXEi,IUPMprolelns (KeLo a 3-7) 13Lt41AVAE3ELIK2LEPIRI
LJ 51MDEFESIKRK'PSEIISEESLRZVLKK EKSALIGFEPSGKIHLGHYLQIKKMIDLQN Mutant Syth
to a Ca ' YCSEPQLDKDY  AGFDY I I LLTDL.NAYLriQKGELDEIRTCICAYNKKVF 1GLKUCYV
incorporate in-acyl `  ` LXRARRSMELIAREDSKPiCVAEYEYPIMQVNDIHYWVDVAVGGM lal
TLNVYRL.ALX into  1i  h m  EQRKIHMLARELt.PKICWCIH
PVLTt3LDGEGi4SSSSKGNFIAVDDSPEEIRAxrKKree  p  eny AYCPAG EGtTPIdEIARYFLE3f
PLTII{3i86PCFGGDLTVt[SYEELBSLFI[P1p.ELkiP3iproteins (KL#<)ne 4-! )
DLKNAVAEELIK3 LEPIR]CRLI 5t EL?MIiCR31ISSII$FEEL.REVT,lq(DF~]C9)yZ,IGFEP$f;
PClki ]iY~.QIFCKt~IDLQ2dMutant aytithtas 10 



AGFDIIYLLT LRAYLHQ![GEGL]EIAISIG G3EFQLDK.75rinom"rae M- l TLNV YRLALKTTL
RRSM: LIAP-tDENFKVABVIY131KSVNVII(YtGVDVVVQGMphenylal2nine into E
R.XSMI,AFELLPRAVVrIHNFVLTGLC)SErXMSSSMNFEAVMSFESIRAR:C rM 122 WO 021085923
PCT/U 02/12465 S&quetueNotestRNA or SEQRS ID # AYCPAG
EGNPD4E1AKYFLEYPLTII{RPEKFGGDL'1 NSYEELSSLFMIKEt,HPMproteins (Ketone 5-)
DL];NAVAE@LIKILEFY RKRL#
53MIIEFEFIIKPNTSEII5EEEi.REV:dDEHSALIGFEPSGKIF[L4,HI'CgISLK?tIDLQNMutant
ynthetaSe to AO1 t X LLPDLSAYL QKGEL IRKIGDY
VFEAKGLKAKYVYGSaFQLDKOYincorporate rfl-acyl TL24VYRLALX
rLKRARAsmELIAREQErIPt{VAEVIYPIHQVNDXHYLGVDVAVCC,CQ RQRKiH
iLARELLPKKWCIHNPVLTGWGEG SSSECNFrmMDSPEglP F lXXphenylalanine into AYCaAGv
3NPimEIAKYFL.EYPLTIKRP6pCMGDLT'VNSYEELESLFPaOMLHPMproLeiris (Ketone 6-8)
DLKNAVAEELrKILEPIRKRLI 54XMFIZMiKRNTSEIISEEFLREVLKKD
_KSATIGFEPSGICTh'LGHYLQIKKN.TDL tMutant Wnthetaw AGFDIIILLADLHAYLrrr
KGELnEIRKIODYNXKVFEAMLxAKYVYGSErQL.DKDY incorporate N- r TLNvy th
RLALKTTLKPAF1 LIAREDSNPRVAEVIYYIMQVNDIHYAGVDVAVGGM PQRKII
ARELLPKKVVCIHNPVLTGLO EGKMSSSKGNFIAVDDSPEEIRAKIKKme  oxy
RYC?AGVVECNPIMEIAKYFLEYF4TlK FFXFGGMwTWSI[EELESLFXNK>L"FMphenyla]anineinto
DLXIMVAEELIKILEPIRKRLHPromins (OMe 1-6) 55Na]EFEMIF.RI+FTSEII$EEELREVL
KDEKSATIGFEPSGKIHLGHYLQIKCSNIIDLQNMutantsynthetasetoRS
AGFDIIILLSI3LFAYLNPCGI;LDEIRKIGDYNIGCVFEAMCiLl'CA2CYVYC;SEFQLDY.DYi M-
TI+4WRLALKTT ,PC}.11.RRSMLIARELSENFKVABVFYPIMQVt,IDIHYLUVDVAVd6M EQPKIHNLi
12ELLPKKVV=HNPVL7GLWEGEMSSSKDNFIAVDESPEEIRAKIKKthoXy
AYCPAUVVEGNFIMEL4KYFLEYFLTIICRFF-KPGGALTVNSnEyE$LFPNRELHpMphemylalanine into
DLENAVASELI1SILEPIRKRLOproteins(OMe t-8) 56MDEFEMIi &rSiIIS
RLREVLIQ{DEKSATIGFEPSGKIfILGHYLQIKKNtDL+~NMut=t s,i tlte(ase toRS
AGFDIIILLADLHAYLNQKGELDETRF[IGDYh'K VFKMIGLlSAKYVYGSMFQLMZ7Y incorporate m-
' SLKRA]iRSNELIAR}DWPKVAEVIyPIMgJNSSITYDGVL)VAVG{ i  TLNVYRLAS,
EQRKI}CPILARRLLPKUMCIHKWLTGLDGEGECMSSSRONFI AVDDSPUIRA9IKKmcthoxy
AYCPAGVVEGN1'IMSTAKYFLEYPLTIKRPEKFOGDLTVNSYEELES14rxr*MLHFMpl nyla arsine
into DLKNAVAEELIKiLEPIRKRLIprotein9 (OI4e 2-7) 



57MgEFEtiI1SRNTSEIISEE>rLi+ li1{1C'JEHSAQIGP FSG14I}ELGHYL. tKXMIDLQCdMutant
Syi1thekase to AGPDIIILLPDLHRYLNQISGELI RXFKIG4Y ERL LKAKYVYGSEFQE.DKDY
inaorparate m- " TLNVYRLAL4XTTLlrrtnRu_ LIAREDRN
PKVAEVIYPxMQVNDIHYLGVDVnVGCM EQFd{It SLATtEL4PS CIf
]PVLTC,LDGEGKIdSSSISGNPxAVADSQEEIRAKIEXDX
AYCPAG4VEG.WPIMETAKYFLEYPLTIKRPEKFGGDLTVN5YEELESE,)'I37JCEL,}IPMphenylal ne
into c, NAVAEE:,rxILEPI]IICRL#proteins OMe 4-1
5PIDE?EMIKPJqTSEIISEEELREVLYIS7]EKSAHEGFEPSGKIHLGKYLQIKKMIDLQNMi t mt
5yrithctasG toR S AGFDIIILLAULHAYLtdQKGELDEIRKI(3DYNKLVFEAM.LKA7CMCSAFOL
XI)Y inco"ralt m- ' LNVYRLALT TTLYEA LF MEE.IAREDENFKVAEVIYPIMQVNG h
RiiYIGVDVAVCC?1 EQRPCIEIHLARELLFKK
CIE'TPVLTGLt)GWKMS$6KGPFFIAVDDSPEETRAKIK$met  oxY AY CPAGVVEt"NPIE
EIAKYFLEYPLTIKRPEKFCCGD'-TVN$YEE.LESLFKNREC.HPMphert +l&1anitbe. into
DLPQ+SAVAEELIKILPIRKRL*proteins 4[e 4-8 59NDFENLIKRNTSE3XS
ELREVLKKDEI(.SAYIQFEYSGFCIHLG}:YLQI141{CixDLQraMutut MOVW toR
AWDITILLADLHAYLNUKiGZLDEIRKICDYNXKVFEAM{3LKAKYYVYC,SAFQLDKDYincwporake
roteins  TLNVYRLALKTTLKRARRSVLrL.IAFtEtIENPKVAEVIYPIMQVNCAHYL VDVAVGGKi11C
1[it  t EQR,KIE MLARELLFM CIHNPVLTGLUGPEG1 SSSRV,NFIAVDDS?EEIRAKI}C{o p  71
AYCPAGVVEGNPIMEIAKYFLEYPLTI ZKFGGDLTVNSYE L$$LI'KhKELHPH
DLKNAVXEELIKILEPIRKRLAAllyl 60NDEFEMIK +PSSEIISEEELREVLKXZ)
CSAUIGFRPSG#LxHLD#YLQEK iIDLQNAminoacyl ERNAP, S
AGUE'DIIILLADLHAYLt+1QKGELDEIRP IGDYNMWYEA 5GLSCA1C1[VYGSSFQWIU)Ysynthetase
for the OTtIion of  TLNVYRLALKTTGV.RARRSKELIAREDENPKVAEVIYPIMQVt
TSKYLGVDVAVOGM -  'i  



tC4 W p  FOPS[IMa,ARELLPMrVCrM4PVLTGLUGEGMSSS [GNFIAVDQSPEExI AKi  ip
AYCPADV4TEGNPIEdF:YAtS`fF'LRYPLTSKFtPMXFGQDLTVNSYEELESI.FKNJCEtH?Mbenz_oyi-L
- DLKNAVAEELIKILEPIRKRLphertylalanine BaRS 6 MDEFZ241KAN
MIISEEELRgVLnr)EP{sAtiGF6P$GKIHLGHYLQIKMIl}LM Amj o yl tRNARS ` U WYVY(;
SWgLDKDY synthetase for the AC,FaI224LAI}LHAYLNQKGELi EYR1CYGDYMtF.VFEA -
TLNVYALALSCT"fLKRARRSMELIAREDENPKVAJFVIYPINCR?NPX,Kf iVDVAVGGM7in  or
oration of p  EQt4KI E SGARELLPM VCIWNP4LTGLDGEGKHZSSKGt+ FIAVEOSPEEIRAKIKKp
c
AYCPAGVVZGNPIl!1EIAICYFLEYP>LTIICRPKKFCGDLTVNSYE:BLESLFK1+rKELHPMaxido-pheny
laJanine DLKNAVAEELI 1CILEPIRFCRL p-Az-F?re.RS{3)
622IDEFEUiYPRNTSBiS54FFT.RFVLFC}tDEY.SATIGFEPSGKIHLGHYLQiiQ4iIDLQN
Arniiibacyl tRNA ' AGFDI I ILLADLFIAYLNQI4GRL EEiRKIGCIYNKF[V! EAP4f S
thecae for the L1GAlCYYS'IrSSFQLDFCDY TLN
+YRLALKTTLKRARRSMELIAREIIIINIPE[VAEVIYF21'1WVNPIJIYQGVfIVAVC3GM  D  PK
incorporation ofp- WMA  



S  RYAAK7 VpD  PE  KK  K CIHNPVLTGL  EURKIKKLI4RELL  UEGKKSSSKGU+
AYCPAGWEGNPIMEIAKYFLEYPLTIKFLPeYXC,k'aDLTVNSYEELESLFKNF%ZCJIMazido-phenylala
nine DL7 V EELIKILEPIRKRL 123 WO 02/055923 SequenceNotesor M NA SEQ-RS
=Az-PheR b 63MDEFE41KRNTEEIISEEELREVLKXDEKSALIGFEPS KIHLt 7~LQI KFUMArniip
rI fRNARS AGFD I I II~L,ADLHAYr GEZ.DEI RKIGDYNYKVFEAt~fiLKAKY GSTFOLDKDYS
,nthlase for the TLNVYRLALPCTTLULARiiSMELXAREDENPICVAEVPfPTHOVAPVHYQG
DVAVC-GN RQRPCIKMLARELLPKKVVCIHNPVLTG4DGEGXMSSSM'NFIA.VDDSP$BIRA?al<Kinca
pOiat on of p- AYCPAGVV
GNPIMEIAICYFLEYFLCIKRPEKFGGDLTV[QSYEEI,ESLFKNKELHPMazido-phenylalanine
DLJIAVAEELIKI LEFIRKRL Ax-PheRS 641 EFEMI1 R-WSETT-c: LREVT
KO=KSATIGFEPSGKIxt HYLQIK 1IDLQNAminOaCyl [RNARS AGFDIIILLADLKAYLN
GEGDEIRKiGDYNKKV ' LGLKAKYVYGSSFQLDKDY t te8e for the - TLNVYRLA,K  AT
AEVIYPL%WKPSITYQGVDVAVGGM rQE2}CIHliLARELLPFCKwcri
~FVLIGG~GP~GI~SSSSt4GNFIAVdLESPEBIRAI[T14C~tionofp-
AYCPAGVVEGNPIMEIAKYi'LSYPLTIKRPEICFGGDLTVNSYEELESLFKNKELHpxazidt
-phenylalanine DLKNAW EELIKILE$IRKRL -Az-PbcRS 65MSDFRI I EEK WQKAWE} DRI
FESD KEK 1 FITIPYPYL NGNLKAG} TRArchaeogIobu5 TFTIGDAFAR Y) RMKGYNVL
FPLGFKVTGT PIIGLAELIA YRDEP.i XEVYfulgidus leRlcyl Irn8= TKYKDVPLBD
LLOLTT13SKI VEYFSREALQ ALKSIGYSID WRRVFTTTI}E EYQRFIEWQY WKLrKELGLIV
K=PVRYCP HDQNP~~KD CD L.LASEEATIVsyIlL11 aS~ (AFLRS) 



EFTVIKFRLE DGtI,IFPCAT LP ETVTGVT NIWVI{PTT V I+AEVDGEAWF VSKEAYEICLT
YTEKKVIkLLS EVDASQMX YVIVPLVlXAX VFILPAEFVD TDNPTGVVMS VFAI{APFDLA
AIELL1RDEE TLt.xYCIIDIC5 VVESIKPIVL IKTDIEGVPA EKLIRELGVK SQKDKELLDK
ATKTLYKKEY HTGIMLDN H NYAGM CVSEA KFRVHEDLVK W -GDVFYEF SEKPVICROG
TKCVVF.'VVRL] Q rt't.WYSI*RE WKKEICVLNHI KKTCIIPDYYK EEFFRN]CTEWL RDKACARRKl
LGTRIPWDKE WLIESLSDST IYMAYYILJIK YTNAGLLKAE N tPEFLDYV LLGKGEVGKV
AEASKLSVEL IQQIRDDFEY WYPVDLRSSG KDLVANHLLF YLFHHVAIFF PDWWPRAIAV NGYVSLEGKK
MSKSKf;$LLT H 4VQQYQ1 DV; Ri.YIU. A AEYOSDADWFC SREVEGi"ANK ~,RRFYNLVK
NYLtEVGEI T T[,DRWLVSRM QRAIKEVREA MDNLOTRRAV NAAFPELkM VRWYL.RRGGE
NLAIILDDWI KLLAPFAPHI CEELWHL.KiD SYVELESYPE YDETRVDEEA EREF I,RNL
vFXIQEICKF VSDAKEVYIA PA DWKVPCAA X AESG G EAI'ZQLMQDE ELRxLCXEVS r cIFFCDR
ICKLMLVKEWE VLQ NLKFIE NETGLKVTLD RVPEEKRR AVPGKPAIY VA* 66VD:ERKWRDR
WRDAGIFQRD PDDREKIFLT VAY;?YPSC M HIGHGRTYTVMahmobac#eriumRS PDVYARFKRM
QGYNVLFPMA W 3VTGAPVIG IARRLQRYDP pl'LKIYRBVH  ' thmwautotrophicurn "
RVFEDELERF SDPZYIVEY? S1XYRSVMED HGYSIDWRRE FK  1  TDPDYSR FIQWOIRKLR
ILGLVRKGAH PVKYCPECEN PVCI3}IDLLEG EGVAINQLTL1eucy1 trt1R~SyitYICtas
T,KFKLGDSYL VAATFRPETI YGATNLWLNP DMYVRVETG GEEWIISRPA(MtLRS) VDH[,.SHQKLD
LLCV$GDVNPG DLIMICVENP VTGQEHPILP ASFVDPZYAT G FEVPA{A PAD1'IALEDL
RTDHE:..LERY GLEDYVAl7I$ PVNVIAVI GY GEFPAAEVIE KFGVRNQEDP RLEDATGELY
ICIP33ARGVMS SHIFVYG4MK VSEAREVIAD ELKDNrADE MYEFAERPVI CRCOGRCVVR VMEDQkIl
[y SvrAWI LArt RCLNJmxIILI SSVRANFEYY IDWLNOW CS BRIG. RLP WDERWIIEPL
TDSTIYMAYY TIAHRCREMD AGEMDDEFFI7 AIFLDDSGTF EDI.REEFRYW YPLUWRLSAIC
DLIGNHLTFH. IFHHSAIFFE SGWPRGAVVF G!1GLt.EGNIC SS$P.O VILL R]7AI tOAD
VVRTFLNSSA. lZPWQ7FDWRE SEVIGTRRRI PWFREF'IaFRf SGILDGRPVL SEVIPAEPES
FIGRWtMGQL NQRUREATRA LESFQTRKAV QEALYLLF,'KL1 VDEYLKRVEG RVDDEVXSVL
ANVLHAWrIRL HAPFIFYTAE EMWERYGOEO 1 VAFAPW13DF SDDAESRDVQ VAEEM~7VQNTV
AVIQEIMKIL OSTFERVHIY TSPKVOtWMM RVAAEVGxLD MCGSINGRVSA ERaIXDNNKLV
AEF'VRRYIR.D LG1[SEVVVID EY5VLMDASD YIESEVGARV VIHSKPDYDP ENKAVNAVFL
KPAIYLE* 67GAATTCACAC ACA4GAAACA c.7 ]ATGCOCA Coc 1CTGAT COAcu crAC(peas
pap~bc)Plasmid GACTCGTTCA C!CCAGAACCT G' CAGTAC ATCC, 3cGAOG CCACCGGGCA
GCCR:CCCGTC 3r CCCAhCG ACGCOGAC'k'G OTCGCGGC'DG CCCCTCGAGG 



ACTrCGACGC pATCGTCGTG TccccGGCC CCGGCAGCCC CRaACCGGGRA CGGGACTTCG
GGATCAGCCC3 CCGGC3CGATC ACCOACAC3CC3 C3CC1' CCCGT CC'PCGGCGTC TGCC'1CGGCC
ACCAGGOCAT CGCCCAGCTC TCQCicGGAAC CCATGCACGG CCGGGTCTCC GAGG OCGGC
ACACCGOC43A {3OACGTC TC CGGGGCCICC CCTCGCQCATT CACCGCC 3TG CGCTALTACt
CCCTGOCCC3C CACCOACCT CCCGACGAOC TCGAACCCCT CGCCTGGAr C GA+CCACC CG
'f+CG'TCATGOG CCTGCGGC.AC CGCGAGAAGC OGCTGATOGG COTCCAG'TTC CCACCWXW
CCA'I'COGCAG COACTFCGX CGGGAGATCA TGCCCAACTl' C~4GCCrACCTC GCCCTCGCCC
ACCACCGGGC ACGTCGCGAC GCIGGCL~GACT [,CI3C3CTAQG}4 ACTCCACGTG CGCCGCGICG ACCT
CTGCC {~GACGCCOAA GAGGTACOCC GCGCTGCCTG CCCGGCCGAG GGCGCCACGT TCTGGCTGGA
CAGCAGCTCC GTCCTCGAAG GCGCCTCGCC GTTCI'CCTTC CTCGGCt3ACG ACCGCGGCCC
GCTCOCCCAG TACCTCACCT ACC+3CGTCGC CGACGGCGTC GTCTCCGDCC GCGGCTCCGA
COCCACCACG ACC==G CGGCCACCCT C!'TCAGCTAC CTGGAOGAGC AGCTCGAACC C3CCGMGGGT
CCCGTCGCCC CCGACCTGCC CTTCGAGTTC AACCTCCGCI ACGTCGOCTA CCTCGGCTAC GAGCTGAAGG
C+~CAGRCCAC CGGCOACCCC iC34GTACCGG CCCCGCACCC CGACGCCGCG TTM'rTTTC3
CCGACCGRCGC CATCGCCCTC GACCACCM3G AAQGCtOCTO CTACCTGCTO GCCCTCGACC
GCCGGGGCCA CGAC~GACGGC GCCCGCGCCT {3GCTCACGGGA GACGGCCGAG ACCCTCACCG
GCCTGGCCGT CCGCGTCCGG CCGAGGCCGA CCCCCGCCAT GGTCTTCGGG GTCCCCGAGG CGGCGGCCGG
CrrCC3CCCCC CTGGCTCGCG CAOGCCACGA CAAGGACGCC P TItSO2II2465 124 fi 9 DC 7 2
LIil} WO 02!085923 PCTJU5021I2465 SEQ$C171C11CCNQLCSU?NA or RS TCGGCCCTCC C;
OA .CGGCQA GTCGTAOGAG ATCTOCCTGA. CCAACATGGT CACCGCGCCG ACCC,AGGCCA
CGGCCCTGCC GCTCTACTCC GCGCTGCf3CC GCATOAGCCC CGTCCCGTCT GGCGCCC'TGC TOGAG
CCC CGAGCTGTCO GTOCTCAGCG CC C CCCGA GCGG'1TCCTC ACIGATCGGCS`a CCGACGGCGG
CGTCGAGDCC AAGCCCA'FCA AGQGGACOCG COCCQGGGGC GCACOUGCGG AQGAGGACGA. OCQC3CTC
GC 1CCGACCTG1 CCGGCCGGGA GAA2GACCC3G GCCC311GM C TGATGATCGT OGAdCCTGGTC
CGCAACGACC TCAACAGCGT CTGCGCGATC OIC!'CCGTCC ACGTGCCCCO OC!'CTTCOAO
GTQGGAGACC TCGCGCCCGT QC). XAOCTG GCIGTCGACCA TCCGGGGACOG GCTCICOOCCC
GC,CACC:AGCA CCGCCC3CCTG CCTACGCGCC GCC1`TCCCCG GCQGCT"CCAT GACCGGCGCG
CCC&RC PEC GACCCATQGA OATCATCGAC COCCTOGAGG AAGGCCCCCG QGGCG'1GTTA
CCCGGGCCGC TCGGATGGTT CGC]CCTCAf3:C OGCGCOOCCG ACCTC'AGCAT QGTCATCCGC
ACCATOGrLGC TGGCCGAC!QG CCGGGCC'OAG TTCGGCGTCG GCGGGGCQAT COTGTL TC
TCCGACCAOG AGGAGGAGTT CAQGCAGACC C3'1GOTCAAGG CCOGCGCCA't {LGTCACCGCC
CTCGACGGCA E CGCAGT(3GC GG3CGCAC[3A TGACACCAAC AAQQACCATA 



GCATATGACC GAGCAGAACG AGCTQCAGQT TDTDGCPGC'[3 CGCGOAdGC'TC GACQCCCTCO
ACGGGAC1 C1 TCTGGACACG GIGCGGCGCC QCATCGACCT OGGT3TCD C AICGCGCC'GT
ACAACTCCCC3 GCACGGCC{T'C CCGA'tGNTGC ACCCCGGCCG GGlCAGCC:C CTCAAQGACA
{3CGGCCGCCOG CTACGCCGCC COCCACQGCC TgCACGAATC GT'1"CCTGCTG AACCTCTACG
ACOTGA.TCAT CACQGAGXTG TGCCGCCICG AdGACC?+GQT QATQAGCCCG TCATGI`ACTA
AGGAGGTTGV ATOAGTGGCT TCCCCCGGAG CITCGTCOTC CQCQQCARCO GAGCGGTGGG COOCATQTTC
CCCGC33GCTGC TGCGGGMGGC GC3GCAGCCGC ACGCI3CGTCG TOGACCT ACCGCCQCCG
QGACGGCCGG A.CGCCIGCCT C3C,'1 CGAC CTCACC CGC CGGGGCCCGA GCTCGCC ;CC
CCCCCTCCGGO ACGCGGACC'T CQTCCTGCTC i CCGTACACO AOGACGCGGC CCTCAAGGCC
{,TGGCGCCCG TGACCCGQCT CATGCCACCO OGCtCQCTGC TCGCCGACAC CCTGDCCGTC
CGGACGGGCA TGGCCGCQGA OCTCGCGGCC CAC3CCCCCCr GCG1'CCACCA Cr cccCCTC
14ACC'CGAT+GT TCGCCCCCOC CGCCGGCA.T3 ACCGGCCG C CCGT[3GCCGC CGTC3G1'CACC
AGOGACGOOC 041101TC'AC GGCCCTGCTG OGGCTCG QG AG+GGCOGCGG CGGCAAGCCC MUM MA
CGUCGOACCA GCACC,ACCQG ACGACGGCGG CGACCCAGGC CCTGACGCAC GCOGTGATCC
TCTCCTPCGG GCTCGCCCTC GCCCCCCTGG aCGTC'GRCYGT CCGGGCCCTG OCCIGCGACGG
CACCGCCGCC CCACCM,G'1,G CTGCTCGCCC TCCTGGCCCG TGTGCTCGGC GOCAGCCCCG
A2GT3TACGG {3GACATCCAG CGGT"CCAACC CCCGGGCGGC GOCCGCGCGC CGGGCOC1'OG
CCGAGGCCc'r GCGCTCCTTC GCCGCGCTGA TCGGCGACGA CCCGGACCGC GCCGAGGACC
CGGACCGCGC CGACGACCCC GACCGCACCG ACAACCCCCG CCATC!CCGGG OGATCCGACG
GCGCCGGGAA CC ICGACGGC GTCT'PCGAGQ AACI'CCGCCG GCTCATGGOA CCGGACCT'CG
CQGCGGGCCA [3GACCACT C CAGGAOCTGT TCCCCACCCT CCACC_OCACC GACGACGAAG
GCCAGAAGGA CGGATGAATT TAGGTCACAC TATAGGGATC CTCTACCCCG CaACGCATOGT
GGCC7GGCATC ACCGGCGCCA CAom'GCGGT TGCTGGCGCC TATATCGCCG ACAT'CACCCA
TGGGGXAGAT CGGGCTCGCC ACTTCGOGCT CATS' OCG1CT TUTFTCGGCG TGGGTATGGT
GGCNGGCCCC GTGGCCGEGG GACTGTTGGG C3CCATOTCC T"WATOCAC CA'r'TCCTTGC
GCDGG'CGGT CTCAACGGCC TM3YTACT ACTGQGCTOC TTCCT?,ATGC AG TCCCA TAAOGGAGAdG
CGTC'GACCGA TGCCCTTGAG AGCCTTCAAC CCvIGTCACCT CCTTCCGGTG GGCGCGGGGC
ATGACTATCG TCWCACT TATGACTGTC TTC1'TTATCA TGCAACTCGT AGGACAC G1\3 CCGGCAQCGC
TC G OTCAT TTTCGGCGAC GACCGCTTTC C,CTCGAGCL,C GAOGATGiTC GGCCTGTCGC
TTGCGGTATl` CQGAATCTTG CACGCCCTCG CTCAAGCCTT CCTCAC"!'"GG'T COCGC!CACCA
AACGP19'CGG CGAGAAGCAG GCCATTATCO CCGGCATGGC GGCOGA&GCG CIGGGCTACG
TCTTGCTGGC GTTCGCGACO CGAGGCTGGA TGCCCTTCCC CATTATGATT CTTCTCGCTT CCfGCGGCAT
CGGGATGCCC GCGTTGCAGG CCATGCTGTC CAGGCAGGTA GNTIACCACC ATCAC3OCACA
OL1"1'CAAt ,A TCACYOC,CGG CTCTTACCAC C'CTAACTTCG ATCACTGGAC COCTI3ATCGT
CACGGCGATT OATGCCGCCT CGOCGAGCAC ATGOA.ACCGG TTGGCA'1GGA T'!"GThCQCGC
CGCCCTATAC C1TGTC'TGCC TCCCCGLCGTT GCGTCGCGGT GCA'TGGAGCC GGGCCACCTC
GACCl+GAA1G GAAGCCCGCQ GCACCIGY'CT ?AOGGATTCA 



CCACTCCAAC AATTGGAGCCC AATCAATTCD TCCGGACAAC TC3'1t3AATKGCC3 CAAACCAACC
CTTOCCAGAA CATATCCATC GCC VCCGCCA TCTCCAGCAG CCGCACGCOG CCCATCTOGG GCAGCGI G
GTCCTCGCCA CQOGTGCC-0CA TGATCGTGCT CCT CTCGTTG AGGACCCOCC3C TAGGCTGOCC
GOCC'1' ACTGG'PTAGC AG1UkTGAATC ACCGATACGC OAGCGA1 CG1' OAAGCQACTG
CTGCTGCAAA ACGTCTGCGA CC GACCAAC AACATGAa4TG QTL'1'1'CGGTT TCC1G'TC,TTTC
GTAAAG1CTC GAAAQCCGGA AGTCCCCTAC GTGC'CGMA AGTTGCCCGC AACAGAGhAT GGAACCAACC
GGTGATACCA CGATACTATG ACTGAGAGTC AACGCCCATGA. GCCGGCCTCA.T '1"L'CTT'ATTC"T
CAGTTACAAC AGTCCQCACC GCTGCCGGTA GCTACTT1 AC TATCCGGCTG CACTAGCCCT
GC{TCAGATO GCTCTGATCC AAOGCAAACT CCCAAAATAT CTGC1"GGCAC CGGAAGTCAG
CCCCCTGCAC CATTATOTTC CGGATCTGCA TCGCAC;C3ATG CTGCTG ,CTA CCCDGTGQAA
C<ACC'TACATC TGTATTAACC AAGC'GWOC AaTGACCCTG AGTGATCI T CTCTOGTGCC
GCCC'TATCOC TTTQr'GCAGC TTGCCACGCT CAAAGGOUTT TGAGGTCCAA CCQTACGAAA
ACGTACGGTA AGAGGAAAAT TATOG'PC1GA AAA.ATCC3ATT AQTAGACAAG AAAGTCCGTT
AAGTGCCAAT  1CGATTAA AAAGACACCC T'TTTGATGGC GTr TCCAAT CTACATTATG TTTCGATATA
TCACACAGTT ACTTCACTAA 0CT'ACGTTTT CGTTCTATTG GCCTTCAGAC CCCATATCCT
TAATCTGCIT TAT'1''IGCTGG GGTTATCAGA TCCCC:CCGAC ACCT iTAAT1' AATGCTT'TCT
CCCCCGGAGA TCGACGCACA GGCTTCTQTG TCTATGATGT TATTTC< 1 AA. TAATCATCCA 125 WO
(12}085923 IITIUS 12/12465 SEQ SequenceNottstRNA or TD #RS GGTAT"1'CTCT
TTATCACCAT AcGTAG'1'GCG AGTf,TCCACC TTAACGCAGG GC?P1CCC,TC ACAGCGCGAT
ATGTCAOCCA [3OGGGGCTTT CTYTTGCCAG ACCGC.1"TCCA TCCTCTGCAT TTCAGCAA'rC
TGC3CTATACC C2TCATTCAT AAACE ACGTA AATGCCGTCA CGCAGGAAGC CAC3GACGAAG
AATATCGTCA GTA3 AAGATA AATCGCQGAT TTC:CACGTAT AGCGTGACAT CTCACGAcX C
jQjVCA7GGA TCATCGC'!TT CGCCG'rATCG GCACCCTGAT TCAGCGCTTC TC3.11CGCCC3GT
TSC'TGC TGTG CT'AATCCC3GC 'LTG4rTTCAC T TCT'TTCTCAA CCTGAGTGAa CGCGGAACTC
ACCGATTT'CC 'T+C3ACGGTOTC AGnw-'ATATTA CCCGACGCGC TGTCCAGCTC ACGAATGACC
CTQCTVAf3 TTTCACTTTC3 cT crGTAAT TGT3ATGACG CCGCCTGAAA CTGTTCT",TC
AGAGAAJ~"1`AA CAC'GCTTTTC CAQC CCF 3A TGA1Y CC'CGA TMGGGGCOGGC AATr VMA
ATTT''COTCGC :'CATACJ+AAA TCCTGCCTAT C=A3;AATC3 ACCAGCCTTT ATCCGGCTTC TGTC
1'ATCT CTT'CGC3CGAC3 TCC3CTCT G! TC'TTTCTCCC! GCTGACGCTG TTTTTCCGCC
AC3ACCrTCGC GcTVDCi"L"I CCPTPCCATC TCCTGATGTA TCCCCTGGAA CTCCCCCATC
GCATCC3TPAA CAAaGGACTG AAGATCGAT't TCT'1~CCTG-1 A TAT+CCTTCAT GGCATCACTG
ACCAGTCCGT'. TCA{3CTTGTC AQOCTCTTTT TCAAAATCAA ACGTTCTGCC GGAATC GGAT
TCCTCCTCAG GC'I`CTCACTT C'_AGCTCCTGT TTTAGCCrTCA GAC3TATCCCT 



CTC'GCDGAC3G G='1'CCCGTA ACGA139TACT CACGTCAATT ACGCTGTCAC GTTCATCAC1
GGACTGCTGC ACCTWCTTT CAGCCTCCCT GCGC: TCAAGA ATOGCCTGTA GC" YGCTCACT
ATCGMTCGC TGAACCI9AC CCGCGCCCAC+ ATC~CCO iCA OGCTCACGGT CAAWGCCCI+G
CL3CCTTCAGC3 GAACGGGAAT CAACCCGC7C AGCOTC3CT33A TACCWTCAA C TGCTTATT
CTMAGGr'CA GCCCAGCGTC TCCCTCTGCG CAACAACQTA 7'TCTTTGC(Tl' TCGGTCt '1G
TTTCCCCGAA ACGTGCL?TT TTTQCGCCAC OCCCTCCGQC TCTl"TCGTG'T TAGCCCGTTT AAAAT C
'!'CAJX-, 3TCAC C3Gn'c AATACC GTCATl`AATG COT:CAGA13A ACATGATATG GGCC3TGQr
OXCAC CGC 'A'y'CGC TGCTTTCGQA TTATGGATA13 CGAACTGATA GGCATGGC,aG TC ,CCAATTT
CCTGTICGAC AAAATCGCCQ ACAAGCTCAA CAOGTIu TC GGGT=AAC TCACCCGGCA GGGCAATCTC
CATTT'CACGQ TAGGTACAOC CGTTGGCACG T'TCAGACGTG TCAGCGGCTT TCCAGAAC1'C
UGACGGTTTA TGCGCTGCCC AO[3CCGGCAT ATTGICOCGAC TCCTTGTOCT CAAGGrCGGA
GTCTTl`!'1'CA CCGGCA'TACT TTCCCTCACC CCCAATA'T'AA TCGGCATGAG OA[3AGGCACT
GCC'?T'1"TCCG CCGC:T`CI'hA CGCTGAGATC ATAGGATGCC ATCGrQT'rrT ATCCCGCTGA
AGGGCGCACG TTTCTGAACC3 AAGTG2 AG A 'TAAGTC CDCCCCTGATA AATAAAACAG
TTA''rCWC,GA TTC I`AGTGGG ATTIGACCTC CTCTGCCATC ATCAGCQT'AA TCATt'2 CTT
AC3CA'ITCAOX AG TAAACAG CATGAATAAA AGCGAAAAAA CAG{3AACAAT {3GGCA(3CA% A
AAGAGTGCAG TATAT"_'CGCG GCTTAAACTC GCCCMTGAC CAACAGRAAC TTATGCT+GAT
ACTGACCGAT AAAGCAGATA AAACACCACA CGATATCAAA ACCC1'G'MC:C: TGCPGATGAA
GGCTGAACAG GCAQCAGA3A AAGCGCAGGA AGCCAGAGCG AAAGTCATGA ACCl'GATACA
GGCAQA.AAAQ CC3AQCCG C CCAQAGCCCC CrGTAAAGCC CG!'GACCATG CTCTGTACCA
GT'C"T'GCCGCA TTGCiT TCC 'rC'3CGGGTCT GGTTGACAGT AAGAC+GGGTA AGCCTGTTGA
TGATACCGCT GCCTTAC GG c CATTAGC CAGT T AAT GACCTf3TCAC QC3GATAATCC'_
GAAGTGC3+I''CA GACTGGAAAA TCAGAGGGCA GGAACTcCTO AACAGCAAAA AGPCAGATAG
C.ACCACATAG CAGACCCGCC ATAAAACGCC CTGAGAAf CC CGTGACOGGC TTTTCTTGTA TTA?+GG
TAG TTTM? GCA '1GAATCCATA AAAGGCGCCT GT'AGTCCCCAT TTACCCCCAT TCACTGCCAG
AGCCC3Tt3AGC GCAGCGAACT C,AATGTCACG AAAAAGACAC CGACTCAGl3T GCCTCATG T'
CGGAGACAAA AGGAATATTC AGCGATT4GC CCCACCTTGC GAGGffT'3 TA CTTAAQCCTT
TAGC3GTITTA AGQTCTG?TT TGTAGAGGAG CAAACAGCGT TTIGCGACATC CT=TG AAT
ACTGCGGAAX TGACTAAAGT AGTGAGT] AT ACACAGGC3CT GGCATCTATT CTTTTTATCT
TTTTTTATTC TTTC =ATT CTATAAATTA TAACCACTTG AATATAAACA AAAAAAACAC ACAAAGGTCT
?IOCGGAATTT ACAGAGGGTC TAGCAGI4ATT TACAACP?IT CCAGCAAACGG TCTAGCAGAA
TTTACAGATA CCCACAACTC AAAGGAAAAG GACTAGTAAT TATCATY'GAC TAGCCCATCT CART
'GGTAT A ATTAAA ATCACCTAGA CCAATTGAGA 'I'G"TAT dTC'r AAA AGTTCT1' TTTCAAAGCA
AATGAACTAG CGATTA{3TCC3 GTATGACTFA ACCGAUCATG AAACCAAGCT AATTTTATOC
TGT43TGGCAC TACTCAACCC C:ACGATTGAA AACCCTACAA GGAAA{3AACG GACGGTATCO
TTCACTTATA ACCAATACGC TCAGATGATG AACATCAGTA GGGAAAATC3C TTATGGTGTA
TTAGC"TAAAC CAACCAGAGA GCT+GATCaACC, 



AGAACTf'1'GC3 AAATCAGGAA TCCTTTGGrT AAAGGCTTTG Ai3ATrTTCCA C,TGGACAAAC
TATL3C'_CAAGT TCTCAA{3CGA AAAATTAGJ1A T'TMaTT7rA CTCAAGACAT ]4T'TQCCTTAT C l
rTCCCAGT '1'AAAAAAATT CATAAAATAT MTCTGGAAC ATGTTAAGTC I "rrGAAAAC AA
ITACTCTA TGAGGAT1 `A TGA=CGTTA 'YTAAAAGAAC 'PAACACAAAA GAAAACTCAC AAGGCAAATA
TAGAGATTA{; CC TTGATC3AA TTTAAG rCA TG"1"TAATCC"T TGAAAATAkC TACCATQAC,T
TTAAAAGGCT TAACCAATC,C GTTTT'C3AAAC CAATAAGTAA AGATTTAAAC ACTTACAGCA
ATATGAAATT C3(.'1 MTTGAT AAGCOAGC3CC GCCCGACTGA TACOTTGATT TTCCAACTTG
AACTAGA'rAG ACAAATGGAT CTCSGTMCCG AACTTGAGAA CAACCACATA AAAATC3AATC3
GTGACAAAAT ACCAACAACC ATTACATCAG ATTCCTACCT ACGTAACGGA CTAACAAAAA CACTACACGA
TCCTTTAAC'T GCMAAATTC AGCTCACCAG TTTTGAGGCA AAATrMGA GTGACATGCA AAGI'AAGCAT
GATCTCAATR GTTCGTTCTC ATGGCTCACG CAAAAACAAC GAACCACACT ACAGAACATA
CTGaCTAAA7' ACGGAAGGAT CTCAGGTTCT TATGGCTC'TT GrATCrATC:A t T3AAGCATC
AAGACTAACA AACAAAAGTA GAACAACT+GT TCACCGTTAC ATATCAAAW GAAAACrGTC CATATGCACA
GATC3AAAACC GTGTAAAAAA GATAGATACA TCAGAGCT'ZT TACT TGGTGCATTT AAACCTGZTC
ACCATGAACA #A:'~ACAAT GTAAC AGATG AACAGCATG't AACACCTAAT AGAACAGGTG 126 WO
02/085923 SEQSequenceNotcStRNA or RS AAACCACTAA AACAAAGCAA CPAGAACATG
AAATTGAACA CCT'GAGACAA CTPGTTACAG CTCAACAGTC ACACATAJGAC AGCCCTGAAAC
AGGCSGATG `T CCTTATCGAA TCAAAGC'PGC CGACA7 CACC GGAGCCAGT3 ACOCCnOCOG
TC,GOGAAAAA ATCATC 3CAA TTCPoGAAGA AATAGCGCTT TCAG GGCA AACCTGAAGC CGGATCTCG
ATTCTGATAA CAAACTAGCA ACACC:AGAAC A CCCCGTTTG CGGGCAGCAA AACCC&TACT
TTTGGACGTT c CGGCGATTT TT1 PGGCGA CTGG'TG4TCG GGCG TPaCCC GCAAGATCCA
TTATGTTAAA COGGCGAGTT TACA'1'C'DCAA AACCOCCCOC 'CTAACACCAT CAGAAik'!'+CCT
CAM MATT TT,ACCACCA ACCCCCCCCC GTAACACCCA AATCCATACT GAAA TGGCT TrG'rrGAATA
AATCGAACTT TTGCTGAGI"P GAAGGATCAG ATCACGCATC CTCCCGACAA CACAGACCAT
TCLGTG1CAA WCAAAM rT CAGAATCACC AAC]'GGTCCA CCTACAACAA AUC7'CTCA'rC
AACCGTGOCT CCC1CACTT"T CTGGCr SAT GATGAGOCCA TTCAGQCCTI ITATGAGTCG
3CAACACC'1I CATCACGAOU A.RGGCCCCAG CGCTATTCTG ATCTCGCCAT CACC kDQGTT
CTGGTGATTA AACGCcTATT GCC#T3CTIACC CTGCGGGCPG Ci3CAGGGT"T'T TATTGATTCC
ATTTTTGCCC TGATGAACGT TCCGTTOCGC TGCCCGGATT ACACCAGTGT CAGTAAGCGG CCAAAGPCOG
TTAATGTCAG TTICAAAACG TCCACCCOGG GTGAAATCGC ACACCTGGTO A'Y'IGAT'TCCA
CCGGGCVGAA GGT+CTTTCGT GAA.GGCGAAT GGAAAGTCAG AAAGCACGGC AAAGACCGCC
GTOBTATCTG GCGAAAGTTG CATC GCIG TTG#L AGCAA CACACATGAA GTTG CTGZG
CA.GACCTGTC GCTGAATAAC MACOGACT CAGAAGCCTT CCCaaaCC2z' ATCCOGCAGA CTCACAGA A
APITCAGGGCA 



GCCGCGCCAG ACG A CGATACCCOG CTCTCTCACC A'PCdAAC 'OCG CCGCxA.AAAA ATCAGCGCGC
't1 ATTCCTCC CCGA11AM CT GCGGC3TTACT GGCCCGGTaA ATATOCAGAC CQITAACCGTG
CAC1PC CTAA TCAGCGAATG ACCGGGAGIA. ATGCGCbGTG MAMMA ACAQATTACA ACCGTCGCX'C
GATAGCGGAA ACACCCATGT ACCaGOTAAA ACAGCTGTTC GG[;GRTTCAC TGACGCTGCO
TGACTACGAT GGTCAGGTTa CGGAGOCTAT GGCpCTOOTA CGAGCGCTGA ACAAAATGAC GAAAGCACGT
A.TGCCTGAAA GCGTGCGTA'T TGCCTGAAAA CACAACCCOC TACGGGGGAG ACTTACCCGA
AATCTGATTT ATTCAACAAA OCCC 'a'TtaTO GTGAACTACA AAGCAGACCC 6TTC AGGTTA
TCAGTTTCGAT GCACAATCAG CAGCOCATAA AATATGCACA AGAACAGGAG CACCCTTCGC
ATTAAGCTGT GGT[ Gl'AACA AGTAGTOCCG GGCTACCATC: AGCGAGCATO ATGOGCTCCC
ACAC3CATTCG CC''1"'GGCAGT ATGGAAGT C CTCGCTCCAC TTCGGOCCOG TATCCACCTC GAGAIG
GGC ACTTTTC GAAATGTY'CG CGGAACCCCI' ATT"TGTTTAT TTRTCTAAAT ACAT^sCAAhT
ATG'T'ATCCGC TCATGAGACA ATAACCCTCA TAAATGCTTC AA'`AATA''TO AAAAA03AAC
AGTATGAGTA TTCAACATTT CC{T OTCOCC CTTAT'TCCCT TTTTTGCGGC ATTTTOCCTT
CCTCTTTDTE CTCACCCAGA AAOGCTGCTG AAA TAAAAG A'TGCTGAAGA TCAGTTOGGT
GCACGAGTGG GT1ACATCGA ACTGGATCTC AACAGCGGTA AGATCCTTGA GAnSTTTCGC CCCGAAGAAC
GTTT1'CCAA'' GATGAC3eACT TTTAAAGTTC TGCTATGTOO CGCGGTATTA TCCOOTOTTG
AC!OCCG!GGCA AGAGCAACIC GGTCGCCGCA TACAC 1'ATDC TCAGAATGAC TTGGTTGAGT
ACTCACCAGT CACAGAAAhG CATCTTACGG ATGGCATGAC AGTAAGAGAA TTA'1''GCACTG
CPGCCATAAC CATGAGTGAT AACACPGCOG CCAACTTACT TCTOACAACG A' GAGGAC CGAAGGAGCr
AACCGCXT T TTGCACAACA TGGGGGATCA TOTAACTCQC CrIWATCG~3T GGGAACCGGA
GCTGAATGAA GCCATACCAA ACGACG,AGCG TGACACCACO AT+GCCTGCAG CAATGGCAAC
AACb''iUCGC AAACTATTAA CTGGCGAACT ACTFACDC=A GCTTCCCGOC AACAATTAAT AGAC1
GJITG GAGCCGIATA AAGTTGCACG ACCACTTCTG CGCTCGGCCC TTCCGGCTGG CTGGTTTATT
CCPGATAAAT CTGGAGCCGG TGAGCGTGGO TCTCGCGG A TCATTGCAGC ACTGGGGCCA GATGGTAAGC
CCTCCC{TT`AT CGTAGTTATC TACACGACGG GGACTCAGGC AACTATOGAT GAACGAAATA
GACAGATCGC TGAGATANT GCCTCACI A TTAAQCATTG GTAACCC3GG ACCAr1f?+T'F'1`A
CTCATATATA CGGACAGCGG TGCOGACTGT TG1`AACDCAG AATAAGAAAP GA4 CCCGCTC ATGGCL
TTC't OTTGCCCGTC TCACTCGTGA AAAYAAAAAC AACCCTcOCC C^GC'`PC1*TT GAGCOAACGA
TCAAAAATAA 9TOGCGCCCC ATCAAAAAAA TATTCTCAAC ATAAARAAGT rVGTCTAA A CTTGTAACGC
T 68A GCGCACGC TTCTGATCGA CAACTACGAC TCG?TCACCC Aa11ACCTGTTduet gees (p
pABC)Pa85171iti CCAGTACATC GdCSGAGGCCA CCGAGCC CCCCGTCGTG CCCAACGACG
CCGACTOCTPC GCGGCTGCCC CTCGAGGACT TCGACCCOX CGTCLT1GTCC CC002CCOCO
GCAGCCCCGA CCGGGAAOGG GACTTCCGGGA TCAdGCCGCOG COOGATCACC GACAGCGG'CC
TGCCCGTCCT CGcCOTCTOC CTCGGCCACC AGOGCATCGC CCROCTCTCG GC3GAACCCA TGCACGGCCG
O TCTCCGAG GT'GCC3GCACA CCGGCC;AGOA CGTC1 rCCG6 GGCCTCCCCP CGCCGTTCAC
CaCCGTGCGC TACCAC'TCCC TGGCCGCCAC CCACCTCCCC 4COAGCPOG 



AACCCCTCOC CTGGAGCGAC C,AC,CCOTCO TCAT3GGCCT GCGGCACCGC GAGAAGCCGC
TGATGOGCGT CCAOTTCCCA CCGGAGTCCA TCGGCAGCGA CTTCGGCCaG GAGATCATa3
CCAACT'1'CCG CGACCTCGCC CTCGCCCACC ACC GGCACG TCGCOACGCG GCCGACTGOG
GCPACGAACP CCACGTGCGC CGCCTi'Ct3AcG TOCTGCCGGA CGCCGAAGAG GTACGCCGCG
CTOCCTGCCC GGCCGAGGC3C CCCACGI"TCT GGCTGGACAG CAGC'PCaCGTC CTCGAAG[3CG
CCTCGCCGTT CTCCTTCCTC GGCGACGACC GCGGCCCGCT CGCCGAGTAC CTCACCTACC GCGTCGMA
CGGCGTCGTC TCCGTCCGCG GCTCCGACGG CACCACSGACC CGGGACCCGG CGACCCTCTT
CAGCTACCTG GAGGAGCAGC TCGAACCGCC G?GCGGGTCC!C GTCGCCCCCO ACCTGCCCTT
CGAG'"TCAAC CTCGGCTACC TOGGC"TACCT CGGCTAC]GAG CTGAAGGCOG AGACCACCOG
CGCACCCCGA GTACCGGCCC CGCACCCCGA CGCCGCGT''C C'lDTCGCCG 9 OCT 203  PCT?E
O2l12465  127 WO 021055923 PC'TYLJS02,'12465 SEQ Se uenceNotestRNA ID #RS
ACCGCGCCAT CGCCCTCGAC C+CCAGGAAG GC CCTGCTA CC1GCTG CC CTCGACCGCC
GCIGGCCACGA CGACGGCGCC CGCGCCrGGC TGMGQA[3AC GQCCGAGACC CTCAC"L`C3GCC
Tt3DCCGTCCG CGTCCGGCCC AGGCCC3ACCC CCGCCATGGT CSTCGGGGTC CCCGAGGCOG
CGCCCGGCrt CQGCCCCC'T[} GCrCDCGCAC GCCACQACAA [3GACGCCTCG GCGC"TCCDCA
AcGGCl3AGTC GTACCAGATC TGCCTGACCA ACATGGTCAC CGCGCCGACC GA(3GCGACGG
CCCTDCCGCT CDACTCCGC{3 C'GCOCCCCA TCAGCCCCGT CI['CCs'TCL s 3C CCCCTcCTCG
A43TTCC_CCGA GCTC 'rCGGTG =AGCGCCT Ct3CCCC3AO G C;TTCCTCACG #TCGGCGCCG
ACGQCGGCGT CflAQTCCAAi3 CCCATCAAGC3 GGACCCCCCC COGC3GGCC3cA CCGGCGG#GG
Af343ACGAGCO CCCTCCGCGCC GACCTGGCCG G=GGAGAA GG#CCGC3GCC GAGAACCX'GA
TGATCGTCGA, CCTcaFCCGC AACCAC?CTCA AcAc3c&X rG CDCGATCDX TCCGTCC:ACC
'P'GCCCCGGCT CTI'CGAGGTG {iGAGACCrT+CG CWCCGT[3CA C'CAGCTGGTU TCGACCATCC
CGGQACGGCT GCGGCCCGGC , CC#GCACCG CCaCCT[3C[3T. ACGCGCCGCC TTCCCCo 33CG GCTC
TGAC CGGCGCGCDC AAGAAGCGAC CCATGGAC3AT CATCGACCGC CTGGAd GAAG 0CC'CC7CG13GG
CGTcTrACCC GGGGCGCTG3 GATGQTTCGC CC' A(3CGGC GCOGLGGACC TCAGCATCQT
CATCCGCACL ATCDTGCTGC3 COGACGGCCG GGOCGAGTTC af;CGTCQGCQ GC3GOGATCGT
GTCCCTCrCC CACCAGC;AOC ALGA 'CA6 GCAGACCGTG GT'CAAGQCCC GC[3CCATGGT
CACCGCCCTC GAQC3QCAGCG CA TGGCGGG CGCCCC3ATGA GCGGCTTOCC CCC3GAGCGTC
GTCGTCG6CG GOAGCGK'2AGC GGTG CGGC ATC3TTC.`CfjCCG GGCTGCTGCG GC3A:GGC7OGGC
AGCCGCACGC TCGTCC'C'GA CCTCGTACCG CCGCCGGGAC i3QCCGQACGC CTGCCTGGTG
QC3CQACGTCA CCGCGCCGGG GCCCGAGCTC OCGDCCDCCC TCCGGGACQC 



GGACC'MUT'C C1'GCTCGCCG TACACGAGGA CGTC;GCCCTC AAC3GCC47rGg CGCCCGTGAC
CCGCCTCATO CGACcGGGCG CGCTGCTCGC CGAC,ACCC"rC TCCGTCCCzCA CGGOCATCGC
OGCGCAGCTC GCUGCCCACG OCCCCGGCC;T CCAGCACCTG GGCCPCAAOC CCATGTTCGC
CCCCOCCGCC QGCATGACCC GCCCGCCCGT GGCcGCCGTG c,TCACCAGGG AC GCCGGG
CGTCACGGC'C CTGCTGCGGC TCOTCGA{'GG CCVaCGGCGGC. AOGCCCGTAC C3GCTCACGGC
G[3AGGAGCAC CACCOGACGA CGGCGGCL .C CC'AGGGCCCTG ACGCACGCCG 'rc ATCCTC^C
CTTCGGGOTC GCCCTCGCCC OCCTCGGGX' ' CGACGT'CCGG GCCCTGEaCGG CGACGGCACC
GCCOCCCCAC CAGGTGC'rGC TCGCCCTCCT GGCCCGMTCr CTCGGCGGCA C,C;CCCaA.GGT
TrACGGDGAC' ATCCAGC(3 3T CCAACCCCCG GGCGGCCTCC (3CCGCuccGC3G CGCTCGCCGA
GGCCCTGCC3C GCCG CGCTG#TCGC CGACGACCCG GACCCCGOCQ AGGACCC{.~GA  TCCTT  C ~
,+.  CCGc,GCCGAC CaACCC_CGACC GCACCGACAA CCCM13CCAT CCCGGGGGAT GCCACGGOGC
CcGGAACCSC CAC~30CY3'rc"r TCCAGGAACT CCCCCGCCM ATGGGACCGG AGCTCGCGGC GGGCCA
rG{3AC CAC'FGCC, G AGCT3^TCCC CACCCTCCAC CCCACCGACG ACGAAOOC7GA GAAQGACCGA
TGACCGAGCA C  A  C  GC  CCTCGACQr G  GAACGAGCTG CAGOT7G  UrCG  3  CO a
kCCTTc  ccG  G 



/  ~./  ~  ~  y  }.  .  '  +// '  v  AC+XTTC':GG ACACO GCG OCGCCGCATC
GAC'CTCGGTG TCCGCATCQCr GCC*TACAAc TCCCGDCACC GrGGTCCCGAT GA'TGCAGCCC GGCC{
GGTCA GCCrGGTCAA CGACAOGGCC OCCCGCTACG CL GCCGACC A CGGCCTCGACr GAATCCT'TCC
TCGTGAACCT CTACQACGTG ATCATCACGG AGATGTGCCG COTCGAGGAC CTGGTGATGA
CGCCGQGAGAC CCTGACGGCC GAGGACCGcC CGTG# 128 0 f' " I?+l ? i ~ WO fl.VO85923
PCT/C: 02112465 [3851 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 an from a reading of this 5 disclosure that various
changes in form and detail can be made without departing from the  true
scope of the invention. For example, all the techniques and apparatus
described  above can be used in various combinations, All publications,
patents, patent applications,  andlor other documents cited in this
application are incorporated by reference in their  entirety for all
purposes to the same extent as if each individual publication, patent,
patent  application, anllor other document were individually indicated to be
incorporated by  reference for all purposes. .; 129 1 WO 02{055923 WHAT IS
CLAIMED IS: 



`!:rx 20 P T/US02112465 I. A composition comprising a translation system,
the translation system  comprising an orthogonal RIBA (O-tRNA) and an
orthogonal aminoacyl tRNA sytithetase  (O-IBS), wherein the O-RS
preferentially aminoacylates the O-tRNA with at least one 5 unnatural amino
acid in the translation system and the -t1 NA recognize$ at least one
selector colon. 2. The composition of claim 1, wherein the translation
system comprises a cell. 3. The composition of claim 2, wherein the
translation system comprises a bacterial cell. 10 4. The composition of
claim 3, wherein the translation system comprises an  Escherichia soli cell.
5. The composition of claim 2, wherein the translation system comprises an
archeaebacterial cell. 6. The composition of claim 2, wherein the
translation system comprises a  15 eukaryotic cell. 7. The composition of
claim 6, wherein the eukaryotic cell comprises a yeast cell,  a mammalian
cell, a plant cell, or an insect cell, .x S. The composition of claim 1,
wherein the translation system comprises an in  vitro translation system. 20
9. The composition of claim 8, wherein the translation system comprises a
cellular extract_ 25 10. The composition of claim 1, wherein the O-tRNA
comprises a nucleic acid  comprising a polynuclc otide sequence selected
from the group consisting of: SEQ ID  NO: 1-3 and a complementary
polynucleotide sequence thereof. 11. The composition of claim 1, wherein the
O-RS comprises a polypeptide  selected from the, group consisting of: a
polypeptide comprising an amino acid sequence selected from the group
consisting of SEQ ID NO: 4-34 130 1 9 OCT 2905 o 02/085923 PCTmsO2ft246 a
polypeptide encoded by a nucleic acid comprising a polyriucleotide sequence
selected  from the group consisting of: SEQ ID NO:35-66 and a complementary
poly nucleotide  sequence thereof. 12. The composition of claim 1, wherein
the at least one unnatural amino acid is 5 selected from the group
consisting of: an 0-methyl-L-tyrosine, an L-3-(2-naphthyl)alanine,  a
3-methyl-phenylalanine, an 0-4-allyl-L-tyrosine, a 4-prop}]-L-tyrosine, a
tri-O-acetyl- G1c Acp-serine, an L-Dopa, a fluorinated phenylalarine, an
isopropyl-L-phenylalanine, a  p-azido-L-phenylalanine,
ap-acyl-L-phenylalan.ine, ap-benzoyl-L-phenyrlalanine, an L- phosphioserine,
a phosphonoserine, a phosphonotyrosine, ap-iodo-phenylalanine, ap 10
bromophenylalanine, a p-amino-L-phenylalanine, an isopropyl-L-phenylalanine,
an  



unnatural analogue of a t~rosinc amino acid; an unnatural analogue of a
glutamine amino  acid; an unnatural analogue of a phcnylalanine amino acid;
an unnatural analogue of a  serine amino acid; an unnatural analogue of a
threonine amino acid; an alkyl, aryl, acyl,  azido, cyano, halo, hydrazine,
hydraxide, hydroxyl, alkenyl, alkynl, ether, third, sulfonyl, 15 seleno,
ester, thioacid, berate, boronate, phospho, phosphono, phosphine,
heterocyclic,  enone, imine, aldehyde, hydroxylamine, keto, or amino
substituted amino acid, or any  combination thereof; an amino acid with a
photoactivatable cross-linker; a spin-labeled  amino acid; a fluorescent
amino acid; an amino acid with a novel functional group; an  amino acid that
covalently or noncovalently interacts with another molecule; a metal 20
binding amino acid; a metal-containing amino acid; a radioactive amino acid;
a  photocaged and/or photoisomerizable amino acid; a biotin or
biotin-analogue containing  amino acid; a glyrcosylated or carbohydrate
modified amino acid; a keto containing amino  acid; amino acids comprising
polyethylene glycol or polyethcr; a heavy atom substituted  amino acid; a
chemically cleavable or photocleavable amino acid; an amino acid with an 25
elongated side chain; an amino acid containing a toxic group; a sugar
substituted amino  acid, e.g., a sugar substituted serine or the like; a
carbon-linked sugar-containing amino  acid; a redox-active amino acid; an
ar-hydroxy containing acid; an amino thio acid  containing amino acid; an
a,a di substituted amino acid; a n-arrdno acid; and a cyclic  amino acid
other than proline. 30 13. The composition of claim 12, wherein the at least
one unnatural amino acid is  an 0-methyl-L-tyrosine. 131 1 9 UCT 2a45 WO
02V(}85923 PCTIUS02 f 12465 14. The composition of claim 12, wherein the at
least one unnatural amino acid is  an L-3-(2-naphthyl)alanine. 15. The
composition of claim 12, wherein the at least one unnatural amino acid is
an amino-, isopropyl-, or 0-allyl -containinphenylalanine analogue. 5 16.
The composition of claim 1, wherein the at least one selector codon is a
nonsense codon, a rare codon, or a four base codon. 17. The composition of
claim 16, wherein the at least one selector cadon is an  amber codon. 18. An
cherichia coli cell comprising a mt1.NA , and a mutant TyrRS  10 (LWJ16),
wherein the mutant TyrRS (LWJ16) preferentially aminoacylates the rntRNA ;A
with O-metO-L-tyrosine in the cell and the cell uses the mrRNA A to
recognize an amber codon. 19. An Escherichia soli cell comprising a
rntRNATI, , and an SS 12-TyrRS,  wherein the S S12-TyrRS preferentially
aminoacylates the mtRNA* with L-3-(2- CU 15 naphthyl)alanine in the cell and
the cell uses the mtRNA7 A to recognize an amber codon.  20. A composition
comprising a protein, wherein the protein comprises at least  one unnatural
amino acid, and the protein is present in a concentration of at least about
_ I00 micrograms per liter. 21. The composition of claim 20, wherein the
protein is homologous to a 



20 therapeutic protein selected from the group consisting of a cytokine, a
growth factor, a  growth factor receptor, an interferon, an inter] cukin, an
inflammatory molecule, an  oncogene product, a peptide hormone, a signal
transduction molecule, a steroid hormone  receptor, a transcriptional
activator, a transcriptional suppressor, erythropoietin (EPO),  ihsuli1n,
human growth hormone, epithelial leutrophil Activating Peptide-78, 25 iROcuM
SA, (3RO , GROy, MW- 1a, MIP-16, MCP-1, hepatocyte growth factor,
insulin-like growth factor, leukemia inhibitory factor, oncostatin I, PD-E
SF, PD F,  pleiotropin, SCF, c-kit ligand, VE EF, G-C F,1L- 1, IL-2, 8,
IGF-1, IGF-II, FGF  (fibroblast growth factor), PO P, TNF, TCF-ix, TGF- 3,
EGF (epidermal growth factor),  KOF (keratinocyte growth factor), S Flc-Kit,
CD4UIJ D40, VIA-4IV AM-1, I CAM 30 11LFA-1, hyalux-in1CD44, Mos, Rae. Raf,
Met;p53, Tat, Fos, Myc, Jun, Myb, Re], 132 wo 021055423 PCT/US02112465
estrogen receptor, progesterone receptor, testosterone receptor, aldosterone
receptor, LOL  receptor, and corticosterone. 22. The composition of claim
20, wherein the protein is homologous to a  therapeutic protein selected
from the group consisting of, an Alpha-1 antitrypsin, an 5 Angiostatin, an
Antihemolytic factor, an antibody, an Apolipoprotcin, an Apoprotein, an
Atrial natriuretic factor, an Atrial natriumtic polypeptide, an Atrial
peptide, a C-X-C  chemokine, T39765, NAP-2, ENA-78, a Gro-a, a Oro-b, a
Gro-c, an IP-10, a GCP-2, an  NAP-4, an SDF-1, a PF4, a MIG, a Calcitonin, a
c-lit ligand, it cyto ine, a CC cherrrokine,  a Monocyte chemoattractant
protein-1, a Monocyte chemoattractant protein-2, a Monocyte 10
chemoattractant protein-3, a Mon ocyte inflammatory protein-I alpha, a
Monocyte inflammatory protein-1 beta, RANTES,1309,183915, R91733, HCCI,
T58847, D31065,  T64262. a CD44, a CD401 ligand, a C-kit Ligand, a Collagen,
a Colony stimulating factor  (CSF), a Complement factor 5a, a Complement
inhibitor, a Complement receptor 1, a  cytokine, an epithelia? Neutrophil
Activating Peptide-78, a GROutMGSA, a GRO3, a 15 G1 Oy, a MIP- a, a MIP-16,
a MCP- 1, an Epidermal Growth Factor (EGF), an epithelial  Neutrophil
Activating Peptide, an Frythropoietin (EPO), an Exfoliating toxin, a Factor
IX,  a Factor VII:, a Factor VIII, a Factor X, a Fibroblast Growth Factor
FF), a Fibrinogen, a  Fibronectin, a G-CSF, a GM-CSF, a Glucocerebrosidase,
a Gonadotropin, a growth factor,  a growth factor receptor, a Hedgehog
protein, a Hemoglobin, a Hepatocyte Growth Factor 20 (H F), a Mrudirt, a
Human serum albumin, an ICAM-l, an ICAM-1 receptor, an LFA-1,  an LFA-1
receptor, an Insulin, an Insulin-like Growth Factor (IGF), an IGF-I, an
IGF-II,  an interferon, an'IFN-a, an 1F'N-[3, an FFN-y, an interleukin, an
I1 1, an IL-2, an II.-3, an  IL-4, an IL-5, an IL-6, an M-7, an IL-S, an
IL-9,-an IL-10, an IL-I1, an IL-12, a Keratinocyte Growth Factor (I G , a
Lactoferrin, a leukemia inhibitory factor, a  25 Luciferase, a Neurturin, a
Neutrophil inhibitory factor (NI F), an oncostatin M, an  Osteogenic
protein, an oncogene product, a Parathyroid hormone, a PD-EC SF, a PDGF, a
peptide hormone, a Human Growth Hormone, a Pleiotropin, a Protein A, a
Protein G, a  Pyrogenic exotoxins A, B, or C, a Relaxin, a Renin, an SCF, a
Soluble complement  receptor 1, a Soluble I-CAM 1, a Soluble interleukin
receptors, a Soluble TNF receptor, a 30 Somatomedin, a omatostatiri, a
Somatotropin, a Streptokinase, a Superantigens, a  Staphylococcal
enterotoxins, an SEA, an SEB, an SEC 1, an SEC2, an SECS, an SI:D, an  



SEE, a steroid hormone receptor, a Superoxide dismutasee, a Toxic shock
syndrome toxin,  a Thymosin alpha 1, a Tissue plasminogen activator, a tumor
growth factor (TOP), a TGF 133 WO 02/085923 9OCT20j5  :PCT/uS1}2{12465 cc, a
T F-13, aTumor Necrosis Factor, a Tumor Necrosis Factor alpha, a Tumor
necrosis  factor beta, a Tumor necrosis factor receptor (TNFR), a VLA-4
protein, a VAM-I  protein, aVascular Endothelial Growth Factor (VEGEF), a
Urokinase, a Mos, a Ras, a 1Zaf,  a let; a p53, a Tat, a Fos, a Myc, a Jun,
a Myb, a Rel, an estrogen receptor, a 5 progesterone receptor, a
testosterone receptor, an aldosterone receptor, an LDL receptor,  and a
corticosterone. 23. The composition of claim 22, wherein the protein is at
least about 50% or at  least about 75% identical to the therapeutic protein.
24. The composition of claim 22, wherein the therapeutic protein is
erythropoeitin 10 (EPO). 2a. The composition of claim 20, wherein the
protein comprises at least two  unnatural amino acids. 26. The composition
of claim 20, wherein the protein comprises at least three  unnatural amino
acids. 15 27. The composition of claim 20, wherein the protein comprises at
least four  unnatural amino acids. 28. The composition of claim 20, wherein
the protein comprises at least five or  more unnatural amino acids. 29. The
composition' of claim 20, wherein the composition comprises at least  20
about 100 micrograms of protein. 30. The composition of claim 20, wherein
the protein is l7HFR, and the at least  one unnatural amino acid is selected
from the group consisting of O-methyl-L-tyrosine  and
L-3-(2-naphthyl)a]anine. 31. A composition comprising a protein, wherein the
protein comprises at least  25 one unnatural amino acid, and the protein is
homologous to a therapeutic protein selected from the group consisting of a
cytokine, a growth factor, a growth factor receptor, an  interferon, an
interleukin, an inflammatory molecule, an oncogene product, a peptide
hormone, a signal transduction molecule, a steroid hormone receptor, a
transcriptional  activator, a transcriptional suppressor, erythropoietin
(EPO), insulin, human growth 30 hormone, epithelial Neutrophil Activating
Peptide-7 8, ROcj MG A, GRO 3, GROy,  MLP-1a, MW-16, MCP-l, hepatocyte
growth factor, insulin-like growth factor, leukemia  134 1 9 0 CT 205 WO
021085923 PCTIUSS02112465 inhibitory factor, oncostatin M, PD-ECSF, PDGF,
pleiotropin, SF, kit ligand, VECF,  G-CSF, IL-1, IL-2, IL-S, IGF-I, IGF-11,
FOF (fibroblast growth factor), PDGF, TIFF,  TGF'-cc, TGF- 3, EGF (epidermal
growth factor), F (keratinocyte growth factor), Flc- Kit, CD40IfC 0,
VLA-4IVCAM-1, ICAM-1ILFA-1, hyalurin/CD44, Mos, Ras, Raf, 



5 Met; p53, Tat, Fos, Myc, Jun, Myb, Rel, estrogen receptor, progesterone
receptor,  testosterone receptor, aldosterorte receptor, LDL receptor, and
corticosterone. 32. A composition comprising a protein, wherein the protein
comprises at least  one unnatural amino acid, and the protein is homologous
to a therapeutic protein selected  from the group consisting of a an Alpha-1
antitrypsin, an Angiostatin, an Antihemolytic 10 factor, an antibody, an
Apolipoprotein, an Apoprotein, an Atrial natriuretic factor, an  Atrial
natriuretic polypeptide, an Atrial peptide, a C-X-C chemolcine, T39765,
NAP-2,  ENA-78, a Grc,-a, a ro-b, a Gro-c, an IP-10, a MP-2, an NAP-4, an
SDF-1, a PF4, a  MIG, a Calcitonin, a c-kit ligand, a cytokine, a CC
chemokine, a Monocytc chemoattractant protein-l, a Monocyte chemoattractant
protein-2, a Monocyte 15 chemoattractant protein-3, a Monocyte inflammatory
protein-1 alpha, a Monocyte  inflammatory protein-1 beta, RANTES,1:309,
883915, 891733, HCCI, T58847, D31065'  T64262, a CD40, a CD40 ligand, a
C-kit Ligand, a Collagen, a Colony stimulating factor  (CF), a Complement
factor 5a, a Complement inhibitor, a Complement receptor 1, a  cytokine, an
epithelial Neutrophil Activating Peptide-78, a GROodMGSA, a GRO 3, a 20 O
gy, a MIP-lac, a MIP-16. a MCA'-1, an Epidermal Growth Factor (EG , an
epithelial  Neutrophil Activating Peptide, an Erj+thropoietin (EPO), an
Exfoliating toxin, a Factor IX,  a Factor VII, a Factor VIII, a Factor K, a
Fibroblast Growth Factor (FOF, a Fibrinogen, a  Fibronectin, a G-CSF, a
GM-CSF, a Glucocerebrosidase, a Goiiadotropin, a growth factor,  a growth
factor receptor, a Hedgehog protein, a Hemoglobin, a Hepatocyte Growth
Factor 25 (HGP), a Hirudin, a Human serum albumin, an ICAM- 1, an ICAM-1
receptor, an I FA-1,  an LFA-1 receptor, an Insulin, an Insulin-like Growth
Factor (IGF), an IGF-I, an IGF-II,  an interferon, an IFN-cc, an IFN-0, an
IEN-y, an interleukin, an IL-1, an I L,2, an ]L-3, an  TL-4, an IL- 5, an
IL-6, an IL -7, an IL-B, an IL-9, an IL_ 10, an IL-11, an IL-12, a
Keratinocyte Growth Factor (KG, a Lactoferrin, a leukemia inhibitory factor,
a  30 Luciferase, a Neurturin, a Neutrophil inhibitory factor (NIF), an
oncostatin M, an  Osteogenic protein, an oncogene product, a Parathyroid
hormone, a PD-ECSF, a PDGF, a peptide hormone, a Human Growth Hormone, a
Pleiotropin, a Protein A, a Protein C), a  Pyrogenic exotoxins A, B, or C, a
Relaxin, a Renin, an SF, a Soluble complement 135 19J[T2 5  WO 021085923
PCTfU502;12465 receptor I, a Soluble 1- A g 1, a Soluble interleukin
receptors, a Soluble TNT' receptor, a  Sornatomedin, a Somatostatin, a
Somatotropin, a Streptokinase, a upera.ntigens, a  Staphylococcal
enterotoxins, an SEA, an SEB, an SEC 1, an SE 2, an SEC3, an SED, an  SEE, a
steroid hormone receptor, a Superoxide dismutase, a Toxic shock syndrome
toxin, 5 a Thymosin alpha 1, a Tissue plasminogen activator, a tumor growth
factor (TGF), a TGF- a TGF-3, a Tumor Necrosis Factor, a Tumor Necrosis
Factor alpha, a Turnor necrosis  factor beta, a Tumor necrosis factor
receptor (TNP'R), a VLA-4 protein, a V AM-1  protein, aVascular Endothelial
Growth Factor (VEGEF), a Urokinase, a Kilos, a Ras, a Raf,  a Met; a p53, a
Tat, a Fos, a Myc, a Jun, a Myb, a Rel, an estrogen receptor, a 10
progesterone receptor, a testosterone receptor, an aldoste.rone receptor, an
LDL receptor,  and a corticosterone. 33. De composition of claim 32, wherein
the protein comprises at least two  unnatural amino acids. 



34. The composition oFclaim 32, wherein the protein comprises at least three
15 unnatural amino acids. 35. The composition of claim 32, wherein the
protein comprises at least four  unnatural amino acids. 36. The composition
of claim 32, wherein the protein comprises at Jcast five or  more unnatural
amino acids. 20 37. The composition of claim 32, wherein the protein is at
least about 50% or at  least about 75% identical to the therapeutic protein.
38. The composition of claim 32, wherein the therapeutic protein is
crythropoeitin (EPO). 39. A composition comprising a protein and a
pharmaceutically acceptable  25 exipient, wherein the protein comprises at
least one unnatural amino acid. 40. The composition of claim 39, wherein the
protein comprises at least two  unnatural amino acids. 41. The composition
of claim 39, wherein the protein comprises at least three  unnatural amino
acids. 30 42. The composition of claim 39, wherein the protein comprises at
least four  unnatural amino acids. 136 WO 02AUS5923 CT H  P 11jJ 02/1246 5
43. The composition of claim 39, wherein the protein comprises at least five
or  more unnatural amino acids. 44. The composition of claim 39, wherein the
protein is homologous to a  therapeutic protein selected from the group
consisting of a cytokine, a growth factor, a 5 growth factor receptor, an
interferon, an interleulan, an inflammatory molecule, an  oncogene product,
a peptide hormone, a signal transduction molecule, a steroid hormone
receptor, a transcriptional activator, a transcriptional suppressor,
erythropoietin (EPO),  insulin, human growth hormone, epithelial Neutrophil
Activating Peptide-78,  GROcdMGSA, CR013, RO-y, MIP-1a, MIP-16, MCP-1,
hepatocyre growth factor, 10 insulin-like growth factor, leukemia inhibitory
factor, oncostatin M, PO-ECSF, PDGF,  pleiotropiri, SCF, c-kit ligand,
VEGEF, G.CSF, II-1, 11.- 2, II-8, I F-I, IGF'-fl, FGF  (fibroblast growth
factor), PDGF, TNF, T F-a, TGF-13, EGF (epidermal growth factor),  KGF
(keratinocyte growth factor), Flc-Kit, CD4OTJ D40, VI.A-4/VCAM-1, I AM-
1/LF'A-1, hyalurin/ D44, Mos, Ras, Raf, Met; p53, Tat, Fos, Myc, Jun, Myb,
Re], 15 estrogen receptor, progesterone receptor, testosterone receptor,
aldosterone receptor, I.DL  receptor, and corticosterone. 45. The
composition of claim 39, wherein the protein is homologous to a  therapeutic
protein selected from the group consisting of a an Alpha-I antitrypsin, an
Angiostatin, an Antihemolytic factor, an antibody, an Apolipoprotein, an
Apoprotein, an 20 Atrial natriuretic factor, an Atrial natriuretic
polype.ptide, an Atrial peptide, a C- -C  chemokine, T39765, NAP-2, ENA-78,
a Gro-a, a Gro-b, a Gro-c, an IP-10, a GP-2, an  NAP-4, an SDF- a PF4, a
MUG, a Calcitonin, a c-kit ligand, a cytokine, a CC chemokine,  a Monocyte
chemoattractant protein-1, a Monocyte chemoattractant protein-2, a Monocyte



chernoattractant protein-3, a Monocte inflammatory protein-1 alpha, a
Monocyte 25 inflammatory protein-I beta, RANTES, 1309, R83915, 891733, HCC1,
T58847, D31065,  T64262, a CD40, a CD40 ligand, a C-kit Ligand, a Collagen,
a Colony stimulating factor  (CS F), a Complement factor a, a Complement
inhibitor, a Complement receptor 1, a  cytokine, an epithelial Neutrophil
Activating Peptide-78, a GROcdM A, a C1 G13, a ROy, a>-1 , a MIP-1, a MP-1,
an Epidermal Growth Factor (EOF), an epi thelial  30 Neutrophil Activating
Peptide, an Erythropoietin (EP O), an Exfoliating toxin, a Factor TX,  a
Factor VII, a Factor Vu, a Factor X, a Fibroblast Growth Factor (FGF), a
Fibrinogen, a  Fibronectin, a G-CSF, a CM-CF, a Glucocerebrosidase, a
Conadotrapin, a growth factor,  a growth factor receptor, a Hedgehog
protein, a Hemoglobin, a Repatocyte Growth Factor  137 WO 021085923 1 ~ OCT
HOS PCTILU 02112465 (HGF), a Hirudin, a Human serum albumin, an ICAM-1, an I
CAM-1 receptor, an LFA-1,  an LFA-1 receptor, an Insulin, an Insulin-like
Growth Factor (IGF), an IGF-I, an IGF-II,  an interferon, an IFN-a, an IFN-
3, an IFN-y, an interleukin, an IL- 1, an IL-2, an IL-3, an  IL-4, an L-5,
an LL, 6, an IL-7, an IL- , an !L-9, an IL-10, an X11, an IL-12, a 5
Keratinocyte Growth Factor (I GP), a Lactoferrin, a leukemia inhibitory
factor, a  Luciferase, a Neurturin, a Neutrophil inhibitory factor (NIF), an
oncostatin M, an  Gsteogenic protein, an oncogene product, a Parathyroid
hormone, a PD-ECSF, a PDGF, a peptide hormone, a Human Growth Hormone, a
Pleiotropin, a Protein A, a Protein C, a  Pyrogenic exotoxins A, B, or C, a
Relaxin, a Benin, an SCF, a Soluble complement 10 receptor 1, a Soluble
1-CAM 1, a Soluble interleukin receptors, a Soluble TNF receptor, a
Somatomedin, a Sornatostatin, a Somatotropin, a Streptokinase, a
Superandgens, a  Staphylococcal enterotoxins, an SEA, an SEB, an SEC 1, an
SEC 2, an SEC3, an SED, an  SEE, a steroid hormone receptor, a Superoxide
dismutase, a Toxic, shock syndrome toxin,  a Thymosin alpha 1, a Tissue
plasminogen activator, a tumor growth factor (TGF), a TGF 15 a, a TGF-P, a
Tumor Necrosis Factor, a Tumor Necrosis Factor alpha, a Tumor necrosis
factor beta, a Tumor necrosis factor receptor (TNFR), a LA-4 protein, a
VCAM-1  protein, aVascular Endothelia] Growth Factor (VE EF), a ljrokinase,
a Mos, a Ras, a Raf,  a Met; a p53, a Tat, a Fos, a Myc, a Jun, a Myb, a
Rel, an estrogen receptor, a progesterone receptor, a testosterone receptor,
an a] dosterone receptor, an LDL receptor,  20 and a corticosterone. 46. The
composition of claim 45, wherein the protein is at least about 50% or at
least about 759 identical to the therapeutic protein. 47. The composition of
claim 45, wherein the therapeutic protein is erythropoeitin 25 48. A method
for producing in a translation system at least one protein compri sing  at
least one unnatural amino acid, the method comprising: providing the
translation system with at least one nucleic acid comprising at least one
selector colon, wherein the nucleic acid encodes the at least one protein;
providing the translation system with an orthogonal tRNA (G-tRNA), wherein
the 0 0 MNA functions in the translation system and wherein the OA NA
recognizes the at least  one selector colon; 138 



19 OCT 2005  WO 021085923 PCTlUSD21124  providing the translation system
with an orthogonal aminoacyl tRNA synthetase (0-RS),  wherein the O-RS
preferentially aminoacylates the O-tRNA with the at least one unnatural
amino acid in the translation system; and providing the translation system
with the at least one unnatural amino, thereby producing  5 in the
translation system the at least one protein comprising the at least one
unnatural  amino acid, 49. The method of claim 48, wherein the translation
system comprises a cell, 0. The metjiod of claim 49, wherein the translation
system comprises a bacterial cell. I  10 51. The method of claim 0, wherein
the translation system comprises an  Escherichia coli cell 52. The method of
claim 49, wherein the translation system comprises an  archeaebacterial
cell. 53. The method of claim 49, wherein the translation system compri ses
a  15 eukaryotic cell, 54. The method of claim 53, wherein the eukaryotic
cell comprises a yeast cell, a  mammalian cell, a plant cell, or an insect
cell. 55. The protein comprising at least one unnatural amino acid produced
by the  method of claim 49, wherein the protein is processed and modified in
a cell-dependent  20 manner. 56. The protein of claim 55, wherein the
protein is homologous to a therapeutic  protein selected from the group
consisting of a cytokine, a growth factor, a growth factor  receptor, an
interferon, an interleukin, an inflammatory molecule, an oncogene product, a
peptide hormone, a signal transduction molecule, a steroid hormone receptor,
a 25 transcriptional activator, a transcriptional suppressor, erythropoietin
EPO), insulin,  human growth hormone, epithelial Neutrophil Activating
Peptide-7, ROcIMGA,  GROP, GROy, MIP-lea, MIIP-16, MCP-l, hepatocyte growth
factor, insulin-like growth  factor, leukerrda inhibitory factor,
orrcostatin M, PD-EC SF, PD F, pieiotropin, SCF, c-kit  ligand, VEC1EF, G-G
P, IL-1, IL-2, IL, 8 , IGF-I, I F-II, FGF (fibroblast growth factor), 139 cT
2i  111 n ti u cu WO 021035923 PCTIUSO2/12465 PD F, TNF, TGF- c, T F-A, F F
(epidermal growth factor), K op (keratinocyte growth factor), S F/c-Kit,
D40U D4D, VLA-4IV AM-1, ICAM-1ILFA-I, hyalurinI D44,  Mos, Ras, Raf, Met;
p53, Tat, Fos, Mc, fun, Myb, Rel, estrogen receptor, progesterone  receptor,
testosterone receptor, aldosterone receptor, LOX., receptor, and
corticosterone. 5 57. The protein of claim 55, wherein the protein is
homologous to a therapeutic  protein selected from the group consisting of a
an Alpha-I antitrypsin, an Angiostatin, an  Antihemolytic factor, an
antibody, an Apolipoprotein, an Apoprotein, an Atrial natriuretic  factor,
an Atrial natriuretic polypeptide, an Atrial peptide, a C-X-C chemokine,
T39765,  NAP-2, ENA-78, a Uro-a, a Gro-b, a Gro-c, an IF-10, a GCP-2, an
NAP-4, an SDF-1, a  



10 PF4, a MICs, a Calcitonin, a c-kit ligand, a cytokine, a CC ehemokine, a
Monocyte chemoattractant protein-1, a Monocyte chemoattractant protein-2, a
Monocyte  chemoattractant protein-9, a Monocyte inflammatory protein-1
alpha, a Monocyte 15 inflammatory protein-1 beta, RANTES, 1309, R8 3915,
R91733, HCC1, T58847, D31065,  T64262, a CD40, a CD40 ligand, a C-kit
Ligand, a Collagen, a Colony stimulating factor  CSF), a Complement factor
5a, a Complement inhibitor, a Complement receptor 1, a  cytokine, an
epithelial Neutrophil Activating Peptide-78, a ROcrfMGSA, a GROP, a  GROy, a
MIP-1 a, a HP-1b, a MCP-1, an Epidermal Growth Factor (EGF), an epithelial
Neutrophil Activating Peptide, an Erythropoietin (EPO), an Exfoliating
toxin, a Factor IX,  a Factor VII, a Factor VIII, a Factor X, a Fibroblast
Growth Factor (FCF), a Fibrinogen, a 20 Fibrolnectin, a G-CSF, a GM-CSF, a
Glucocerebrosidase, a Gonadotropin, a growth factor,  a growth factor
receptor, a Hedgehog protein, a Hemoglobin, a Hepatocyte Growth Factor
(HGF), a Hirudin, a Human serum albumin, an ICAM-1, an ICAM-I receptor, an
LFA-1,  an LFA-1 receptor, an Insulin, an Insulin-like Growth Factor (IGF),
an IGF-I, an 1GF-IX,  an interferon, an lF'N-cc, an IF"N-3, an IFN-y, an
interleukin, an IL-1, an IL-2, an IL-3, an 25 IL-4, an IL-5, an IL-6, an
IL-7, an IL-8, an IL-9, an IL-1D, an IL-il, an IL-12, a  Keratiriocyte
Growth Factor (KGF), a Lactoferrin, a leukemia inhibitory factor, a
Luciferase, a Neurturin, a Neutrophil inhibitory factor (NIF), an oncostatin
M, an  Osteogenic protein, an oncogene product, a Parathyroid hormone, a
PD-ECSF, a FDGF, a peptide hormone, a Human Growth Hormone, a Pleiotropin, a
Protein A, a Protein G, a  30 Pyrogenic exotoxins A, B, or C. a Relaxin, a
Renin, an SCF, a Soluble complement  receptor I, a Soluble I-CAM 1, a
Soluble interleukin receptors, a Soluble TNF receptor, a  Somatomedin, a
Somatostatin, a Somatotropin, a Streptokinase, a Superantigens, a
Staphylococcal enteratoxins, an SEA, an SEB, an SEC1, an SEC2, an SECS, an
SED, an 140 0 r'? ' "S . .d I ;~ WO 021085923 PCTf[JS02112465 SEE, a steroid
hormone receptor, a Superoxide dismtua , a Toxic shock syndrome toxin,  a
Thymosin alpha 1, a Tissue plasminogen activator, a tumor growth factor
(TOF), a TOF- ct, a TOF-(3, a Tumor Necrosis Factor, a Tumor Necrosis Factor
alpha, a Tumor necrosis  factor beta, a Tumor necrosis factor receptor (T
F'R), a VLA-4 protein, a V AM-l 5 protein, aVascular Endothelial Growth
Factor (VEGE.F'), a Urokinase, a Mos, a Ras, a Raf,  a Met; a p53, a Tat, a
Fos, a Myc, a Jun, a Myb, a Rel, an estrogen receptor, a  progesterone
receptor, a testosterone receptor, an aldosterane receptor, an LDL receptor,
and a corticosterone, 58. The protein of claim 57, wherein the protein is at
least about 50% or at least  10 about 75% identical to the therapeutic
protein. 59. The protein of claim 57, wherein the therapeutic protein is
erythropoeitin  I (EPO). 60. The protein of claim 55, wherein the protein
comprises at least two unnatural  amino acids. 15 61. The protein of claim
55, wherein the protein comprises at least three unnatural  



amino acids. 62. The protein of claim 55, wherein the protein comprises at
least four unnatural  amino acids. 63. The protein of claim 55, wherein the
protein comprises at least five or more  20 unnatural amino acids. 64. The
method of claim 48, wherein the translation system comprises an in vitro
translation system. 65. The method of claim 64, wherein the translation
system comprises a cell extract. 25 66. The method of claim 48 wherein the
at least one protein is a 12TAG  mutant of chlorampheni of acetylransferase
(CAT), a Tyr163TAG mutant of mouse  dihydrofolate reductase (DM), or a Tyr1
TAG mutant of mouse dihydrofolate  reductase (DHFR) comprising a COOH His
tag. 67. The method of claim 48 wherein the unnatural amino acid is selected
from the  30 group consisting of. an O-methyl-L-tyrosine, an
L-3-(2-naphthyl)alanine, a 3-methyl phenylalanine, an O-4-allyl-L-tyrosine,
a 4-propyl-L-tyrosine, a tri-O-acetyl-GIcNAc- 141 1 9 U G T 2005  WO
021085923 PCTJUS02112465 serine, an L-Dopa, a fluorinated phenylalanine, an
isopropyl-L-pheriylalanine, a p-azido-L- phenyl alanine, a p-ac
yl-L-phenylalaiaine, a p-benzoyl-L-phenylalanine, an L- phosphoserine, a
phosphonoserine, a phosphonetyrosine, a p-iodo-phenyl a] arsine, a p-
bromophenylalanine, ap-amino-L-phenylalanine, an isopropyl-Lphenylalanine,
an 5 unnatural analogue of a tyrosine amino acid; an unnatural analogue of a
glutamine amino  acid; an unnatural analogue of a phenylalanine amino acid;
an unnatural analogue of a  serine amino acid; an unnan r l analogue of a
threonine amino acid; an alkyl, aryl, acyl,  azido, cyano, halo, hydrazine,
hydrazide, hydroxyl, alkenyl, alkynl, ether, thiol, sulfonyl,  seleno,
ester, thioacid, borate, baron ate, phospho, phosphono, phosphine,
heterocyclic, 10 enone, ursine, aldehyde, hydroxylamine, keto, or amino
substituted amino acid, or any  combination thereof; an amino acid with a
photoactivatable cross-linker; a spin-] abeled  amino acid; a fluoreseen1
amino acid; an amino acid with a novel functional group; an  amino acid that
covalently or noncovalently interacts with another molecule; a metal
binding amino acid; a metal-containing amino acid; a radioactive amino acid;
a 15 photocaged and/or photoisomerizabie amino acid; a biotin or
biotin-analogue containing  amino acid; a glycosylated or carbohydrate
modified amino acid; a keto containing amino  acid; amino acids comprising
polyethylene glycol or polyether; a heavy atom substituted  amino acid; a
chemically cleavable or photocleavable amino acid; an amino acid with an
elongated side chain; an amino acid containing a toxic group; a sugar
substituted amino 20 :acid. e.g., a sugar substituted serine or the like; a
carbon-linked sugar-containing amino  acid; a redox-active amino acid; an
a-hydroxy containing acid; an amino thio acid  containing amino acid; an a
disubstituted amino acid; a 13-amino acid; and a cyclic  amino acid other
than pro] iine. 6$, The method of claim 48 wherein the at least one
unnatural amino acid is a 0- 25 methyl-L-tyrosine. 69. The method of claim
48 wherein the at least one unnatural amino acid is an L 



3-( -naphthyl)alanine. 70. The method of claim 48 wherein the at least one
unnatural amino acid is an amino-, isopropyl-, or 0-ally]-containing
phenylalanine analogue. 30 71. The method of claim 48, wherein the O-tRNA
comprises a nucleic acid  comprising a polynucleotide sequence selected from
the group consisting of. SHQ ID  NO:1-3 and a complementary polynucleotide
sequence thereof. 142 1 9 OCT 2005 WO 421055923 PCTIUS02112465 72. The
method of claim 48 wherein the at least one selector codon is -nonsense
colon, a rare colon, or a four base colon. 73. The method of claim 72
wherein the nonsense colon is an amber cordon. 74. The method of claim 48,
Wherein the O-RS preferentially aminoacylates the  5 O-tRNA with an
O-methyl-L-tyrosine. 75. The method of claim 48, wherein the O-RS
preferentially aminoacylate the  0-tRNA with an amino-, isopropyl-, or O-al
lyl.containing phenylalanine analogue. 76. The method of claim 48, wherein
the O-RS comprises a polypeptide selected  from the group consisting of: 10
a polypeptide comprising an amino acid sequence selected from the group
consisting of  SEQ ID NO. 4-34; and, r a polypeptide encoded by a nucleic
acid comprising a polyriucleotide sequence selected  from the group
consisting of. SEQ IO NO:35-66 and a complementary polynucleotide  sequence
thereof. 15 77. The method of claim 48 wherein the unnatural amino acid is
provided  exogenously. 78. The method of claim 48 wherein the translation
system is a cell and the unnatural amino acid is biosynthesized by the cell.
79. A method for producing in an Escherichia coli cell at'least one protein
20 comprising at least one 0-methyl-1-tyrosine, the method comprising:
providing the translation system with at least one nucleic acid comprising
an amber colon, wherein the nucleic acid encodes the at least one protein;
providing the translation system with a mtRNA A, wherein the mtRNAA
functions in  the cell and wherein the mtRNA ,~ recognizes the amber colon;
25 providing the translation system with a mutant TyrRS (L,WJ16), wherein
the mutant  TyrRS (1WJ1) aminoacylates the mtRNAcun with the O-meth
yl-I-tyrosine in the cell; and 143 WO 021085923 9 OCT  PCTfUSO211 246#
providing the cell with the O-methyl-L-tyrosine, thereby producing in the
cell at least one protein comprising the D-methyl-L-tyrosine. 84. A method
for producing in an Escherichia coil cell at least one protein  comprising
at least one L,3-(2-naphthyl)alanine, the method comprising: 5 providing the
translation system with at least one nucleic acid compri sing an amber
codon, 



wherein the nucleic acid encodes the at least one protein; providing the
cell with a mtRNATY' , wherein the mtR A functions in the cell and  wherein
the mtRNA~, recognizes the amber codon; providing the cell with an SSI2-Tyrl
, wherein the 12-TyrRS aminoacylates the  i 10 mt1 AC `A with the
L-3-(2-naphthyl)alanine in the cell; and providing the cell with the
L-3-(2-naphthyl)alanine, thereby producing in the cell at least  one protein
comprising the L-3-(2-naphthyl)alanine, 81. A composition comprising an
unnatural am no acid as shown in Formula I: I 15 82. A composition
comprising an unnatural amino acid as shown in Formula IT. II M:  83. A
composition comprising an unnatural amino acid as shown in Formula  144 1 9
O C T 205 WO 02/085923 PCTIUSD2/12465 i 00H3 84. A composition comprising an
unnatural amino acid as shown in Formula IV: TV OH A 5 85. The composition
of claim 81, claim 82, claim 83, or claim 84, further  comprising an
orthogonal tRNA. 86. The composition of claim 85, wherein the unnatural
amino acid is  cova ently bonded to the orthogonal tRNA. 87. The composition
of claim 85, wherein the unnatural amino acid is  10 covalently bonded to
the orthogonal tRNA through an amino-aryl bond. 88. The composition of claim
85, wherein the unnatural amino acid is  covalently bonded to a YOH or a :P
OH of a terminal ribose sugar of the orthogonal  tRNA. 89. The composition
of claim 81, claim 82, claim 83, or claim 84, further  15 comprising an
orthogonal aminoacyl RNA synthetase. 90. The composition of claim 89,
wherein the unnatural amino acid is hydrogen  bonded to the orthogonal
aminoacyl tRNA synthetase. 91. A protein comprising the unnatural amino acid
of claim 81, claim 82, claim  83, or claim 84. 145 WO 07JORS923 1 g OCT 71a5
PCTf[JSO2(I2465 92. A cell comprising the unnatural amino acid of claim 81,
claim 82, claim 83, 



or claim 84. 93, A method of synthesizing 4-allyl-L-tyrosine, the method
comprising: (a) reacting a protected tyrosine with ally] bromide, resulting
in a protected  5 allyl tyrosine; and, (b) deprotecting the protected ally;
tyrosine to produce 4-allyl-L-tyrosine,  94. The method of claim 93,
comprising reacting the allyl bromide and the  protected tyrosine in the
presence of sodium hydride and DNT 95. - the method of claim 93, wherein the
protected tyrosine comprises an NBoc  10 protected tyrosine. 96. The method
of claim 95, wherein (b) comprises deprotecting the protected  allyl
tyrosine in an acidic solution. 97. The method of claim 95, wherein (b)
comprises deprote ting the protected  ally] tyrosine in the presence of
hydrochloric acid and dioxane. 15 98. The method of claim 93, further
comprising extracting the 4-allyl-L- tyrosine with ethanol or
dichloromethane. 99. A method of synthesizing a meta-substituted phenyl
a]amne analog, the  method comprising: (a) condensing
diethylacetamnidomalonate and a meta substituted benyl  20 bromide,
resulting in a compound having formula V: V (b) hydrolyzing the compound
having Formula V, resulting in a meta- substituted phenylalanine analog. 146
WO 02108592.3 PCTlUS02112465 100. The method of claim 99, wherein R
compromises a keto, acetyl, or methoxy group. 101. The method of claim 99,
wherein the meta substituted phenylalanine analog  comprises
3-methoxy-phenylalanine or 3-acetyl-phenylalanine. 5 10. The method of claim
99, wherein the compound of Formula V comprises 1- (3-bromomethyl-phenyl)
-ethanorie. 103. The method of claim 99, the method further comprising
providing the meta  substituted benzyl bromide by: reacting
-bromosuccinimide with 3-methylacetophenone to produce a brominated  10
product; and, crystallizing the brominated product in a hexane solution.
104. A method of preparing a glycosylated amino acid in vivo, the method
comprising: transforming a cell with a plasmid comprising a gene for an
N-acetyl- 15 galactosattinidase, a transglycosylase, or a serin
glycosylhydrolase. 103. A method of preparing,-arninophenylalanine, the
method comprising:  (a) enzymatically converting chorismate to
4-amino--4-deoxychorisnaic acid;  (b) enzymatically converting the
4-amino--4-deoxychorismic acid to 4-amino- 4-deoxyprephenic acid; 20 (c)
enzymatically converting the 4-amino-4-deoxyprephenic acid to p 



aminophenyl-pyruvic acid: (d) enzymatically converting the
p-arninophenyl-pyruvic acid into p- aminophenylalanine. 10&. The method of
claim 105, wherein (a) comprises contacting the chorismate  25 with a
4-amino-4-deoxychorismate syn.thase. 107. The method of claim 106, wherein
the 4-amino-4-deoxychori sm ate  synthase comprises papA. 108. The method of
claim 105, wherein (b) comprises contacting the 4-atrdno-4- deoxychorismic
acid with a chorismate mulase. 147 IPrr','/ WO 021085923 PCTIUS02fl246 109.
The method of claim 108, wherein the choris mate mutase comprises papB. 110.
The method of claim 105, wherein (c) comprises contacting the 4-amino-4-
deoxyprephenic acid with a prephen ate dehydrogenase. 111. The method of
claim 110, wherein the prephenate dehydrogenase  5 comprises papC. 112. The
method of claim 105, wherein (d) comprises contacting the p-
aminophenyl-pyruvic acid with an aminotransferease. 113. The method of claim
112, wherein the aminotransferase comprises a non- specific tyrosine
aminorransferase derived from E coi. - 10 114. The method of claim 116,
wherein the arninotransferase comprises ryrB, asps, or llvE. 115. The method
of claim 105, wherein steps (a) through (d) are performed in viva, 116. A
method of producing p-aminophenylalanine in an F.scherichia coli cell,  15
the method comprising transforming the cell with a plasmid comprising papA,
papB, and  pap C, wherein the cell comprises chorismate and an
aminatransferase and wherein expression of papA, papB, and papC results in a
synthase, a mutase, and a dehydrogenase,  wherein the synthase, the mutase,
the dehydrogenase and the aminotransferase produce p- phenyla1anine from
chorismate. 20 117. A cell comprising: (a) a biosynthetic pathway system for
producing an unnatural amino  acid from one or more carbon sources within
the cell; and, (b) a translation system comprising an orthogonal tRNA
(O-tRNA) and  an orthogonal aminoacyl tRNA synthetase (0-RS), wherein the
O-RS preferentially 25 aminoacylates the O-tRNA with the unnatural amino
acid and the O-tRNA incorporates  the unnatural amino acid into a protein in
response to a selector colon. 118. The cell of claim 117, wherein the cell
comprises a bacterial cell. 119. The cell of claim 117, wherein.the selector
codon comprises a nonsense  colon, a four base codon, or an amber codon. 148
WO 021085923 PCT/US021124 5 120. The cell of claim 119, wherein the nonsense
codon comprises a TAG codon. 



121. The cell of claim 117, wherein the biosynthetic pathway system produces
a  natural cellular amount of the unnatural amino acid. 5 122. The cell of
claim 117, wherein the biosynthetic pathway system comprises  a synthase, a
mutase, a dehydrogenase, and an aminotransferase. 123. The cell of claim
122, wherein the synthase comprises 4-amino-4- deoxychorismate synthase.
124. The cell of claim 122, wherein the mutase comprises chorismate mutase.
10 125. The cell of claim 122, wherein the dehydrogenase comprises
prephenate  dehydrogenase. ' 15 126. The cell of claim 122, wherein the
synthase, the dehydrogenase, and the  mutase are derived from Streptomyces
Venezuelae or S'treptomyces pristinaespiralis and  the aminotransferase is
derived from E.coli. 127. The cell of claim 117, wherein the unnatural amino
acid comprises p- aminophenylalanine, dopa, or O-methyl-L-tyrosine. 128. The
cell of claim 117, wherein the unnatural amino acid comprises a
glycosylated amino acid or a pegylated amino acid. 129. The cell of claim
117, wherein the carbon source comprises chorismate, 20 130. The cell of
claim 117, wherein the biosynthetic pathway system produces
p-aminophenylalanine from choraimate. 131. The cell of claim 117, wherein
the biosynthetic pathway system: (a) enzymatically converts chorismate to
4-arnino-4-deoxychorismic acid;  (b) enzymatically converts
4-amino-4-deoxychorismic acid to 4-amino-4- 25 deoxyprephenic acid; (c)
enzymatically converts 4-amino-4-deoxyprephenic acid to p-arninopheriyl-
pynrvic acid; and, (d) enzymatically converts thep-aminophenyl-pyruvic acid
intop- arninephenylalanine. 149 WO 021085923 PCT/1JS02/12465 132. _ The cell
of claim 117, wherein the cell produces the unnatural amino acid  in an
amount sufficient for protein biosynthesis, which amount does not
substantially alter  a concentration of any natural amino acid or exhaust a
cellular resource. 133. The cell of claim 132, wherein the unnatural amino
acid is p- 5 aminophenylalanine, l-dopa, or O-methyl -L-tyrosine. 134. The
cell of claim 117, wherein the biosynthetic pathway system comprises  a
plasniid, which plasmid comprises a polynucleotide encoding a chorismate
synthase, a  pnlynucleotide encoding a chorismate mutase, and a
polynucleotide encoding a prephenate  dehydrogcnase. 10 135. The qell of
claim 117, wherein the cell comprises a plasmid, which plasmid  comprises a
papA gene, a papa gene, and a papC gene. 136. The cell of claim 135, wherein
the plasraid further comprises an (pp  promoter and a lac pmrnoter. 137. The
cell of claim 135, wherein the plasmid further comprises one or more  



15 ribosome binding site. 138. The cell of claim 135, wherein the plasmid is
a low copy p101 derived  plasmid. 139. A cell comprising one or more systems
for producing at least twenty one  amino acids and specifically
incorporating one or more of the amino acids into one or 20 more proteins
within the cell, resulting in one or more incorporated amino acids, wherein
at least one of the incorporated amino acids comprises an unnatural amino
acid. 140. A method of identifying an advantage provided by an unnatural
amino acid  which has been incorporated into a cell, the methods comprising:
(a) providing a library of cells, each of which cells comprises a  25
randomized plasmid derived from an E. co1i genome, wherein one or more of
the  randomized plasmids confers on the cells an ability to incorporate an
unnatural amino acid into a protein. (b) screening the library of cells to
identify one or more cells with  enhanced growth as compared to a native E.
coli+cell, thereby identifying an advantage  30 provided by the unnatural
amino acid. 150 1 9 OCT M5 141_ A cell compri sing: (a.) an orthogonal tRNA
synthetase that aminoacylates endogenous tRNAs  oC the cell with a reduced
efficiency as compared to am ino ac ylati an of the endogenous  tRNAs by
endogenous tRNA synthetases of the cell, and (b.) an orthogonal tRl A that
is aminoacylated by the endogenous aN  synthetases with reduced efficiency
as compared to aminoacylation of the endogenous  tRNAs by the endogenous
tRNA synthetases, wherein said orthogonal tRNA synthetasc preferentially
aminoacylates  said orthogonal tRA, as compared to the endogenous tRNAs.
with an unnatural amino  acid in said cell, and wherein the orthogonal tRA
synthetase preferentially aminoacylates said  orthogonal tRNA with the
unnatural amino acid, as compared to a natural amino acid, the  orthogonal
tRNA synthetase having a lower Km for the unnatural amino acid than for the
natural amino acid, and wherein said orthogonal tRNA recognizes a selector
codon of an mR A in said cell. 142. The cell of claim 141, wherein said
selector codon is selected from a  group consisting of, a rare codon, an
opal codon, an ochre codon, a codon comprising an  unnatural nucleotide. and
a four base codon. 143. The ceHl of claim 141, wherein said selector codon
is an amber codon, 144. The cell of claim 141, wherein said unnatural amino
acid is  incorporated into a protein in said cells. 151 1 9 OCT 7 005 145.
The cell of claim 144, wherein said protein is human growth hormone. 



146, The cell of claim 141, wherein said unnatural amino acid is selected
from a group consisting o[: O-methyl-L-tyrosine, L- -(2-naphthyl)-alanine,
3-methyl-L phenylalanine, O-allyl-L-tyrosine, 4-propyl-L-tyrosine,
para-substituted L-tyrosine  wherein the substitution comprises a saturated
or unsaturated hydrocarbon, fluorinated  ph enylalanine,
p-acyl-L-phenylatanine, p-benzoyl-L-phenylalanine, p-iodo-L- phenylalanine,
p-bromo-L-pheuylalanine, p-amino-L-phenyl alanine, 3,4-dihydroxy-L-
phenylalanine, and isopropyl-L-pheny]a]anine. 147_ The cell of claim 141,
wherein the unnatural amino acid is p-azido- L-phenyl alanine, 148. The cell
of claim 141, wherein the unnatural amino acid is p-acetyl- L-phenylalaninc.
149_ The cell of claim 141, wherein the unnatural amino acid is m-acetyl
L-phenylalanine. 150. The cell of claim J41, wherein the unnatural amino
acid is 4-(2-oxo- propoxy)-L-phen yl alanine. 151. The cell of claim 141,
wherein said cell is selected fi)om a group  consisting of: a prokaryotic
cell, a mammalian cell, an insect cell, a plant cell, and a yeast  cell. 152
19OCTZC5 152, The cell of claim 151, }wherein said cell is a bacteziun. 153.
The cell of claim 152, wherein said cell is an Escherichia ca1i cell 154.
The cell of claim 141, wherein the orthogonal tRNA is encoded by a  nucleic
acid its sei forth in SEQ fl) NO,; 1. 155. The cell of claim 141, wherein
the orthogonal tRN synthetase  comprises an amino acid s&iuence as set forth
in S E ID NO,: 60, 156. The cell of claim 141, wherein said cell is a
eukarotic cell. 157. The cell of claim 141, wherein the unnatural amino acid
comprises a keto group. 153 








