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COMPOSITIONS CONTAINING, METHODS INVOLVING, AND USES OF NON-NATURAL AMINO
ACIDS AND POLYPEPTIDES

RELATED APPLICATIONS

[001] This application claims benefit of U.S. Provisional Application No. 60/743,041 entitled “Compositions
Containing, Methods Involving, and Uses of Non-natural Aminec Acids and Pol).{pcpﬁdcs” filed December 14, 2005
and U.S. Provisional Application No. §0/743,040 entitled “Compositions Containing, Methods Involving, and Uses
of Non-natural Amino Acids and Polypeptides” filed December 14, 2005, both of which are incorporated by
reference.

i FIELD OF THE INVENTION
[802] .Described hereinare mcti.xpcis:apd'compgsitidns for making and using non-natural amino acid agents.

) BACKGROUND OF THE INVENTION

[603] The ability to incorporate non-genetically encoded amino acids (i.e., “non-natural amino acids™) into
proteins permits the introduction of chemical functional graups that could provide valuable alternatives to the
naturally-occusring functional groups, such as the epsilon -NH; of lysine, the sulthydryl ~SH of cystaine, the imino
group of histidine, etc. Certain chemical functional groups' are known to be inert to the functional groups found in

' the 20 common, genetically-encoded amino acids but react c]eat{ly and efficiently to form stable linkages with

functional groups that can be incorporated onto non-natural amino acids.

[084] Methods are now available fo selectively introduce chemical functional groups that are not found in
proteins, that are chemically inert to all of the functional groups found in the 20 common, genetically-encoded
amino acids and that may be used to react efficiently and selectively with reagents comprising certain functional

groups to form stable covalent linkages.

SUMMARY OF THE INVENTION .
[005] Described herein are methods, compositions, techniques and strategies for meaking, purifying,
characterizing, and using non-natura] amino acids, non-natural amino acid poiypepﬁde§ and modificd non-natural
amino acid polypéptides. In one aspect are methods, compositions, téchniques and strategies for derivatizing a non-
natural amino acid and/or 2 non-natursl amino acid polypeptide. In one embodiment, such methods, compositions,
technigues and strategies involved chemical derivatization, in other embpdimems, biological derivatization, in other
embodiments, physical derivatization, in other embodiments a combination of derivatizations. In further or
additional embodiments, such derivatizations are regioselective. In further or additional embodiments, such
derivatizations are regiospecific. In further or additional embodiments, such derivations are stoichiometric, near
stoichiometric or stoichiometric-like in both the non-natural aminc acid containing reagent and the desivatizing
reagent. In further or additional embodiments are provided methods which allow the stoichiometric, near
‘stoichiometric or stoichiometric-like incorporation of a desired gronp onto a non-natural amino acid polypeptide. In

+ further or additional embodiments are provided strategies, reaction mixtures, synthetic conditions which allow the

stoichiometric, near stoichiometric or stoichiometric-like incorporation of a desired group onto a non-naturaf amino
acid polypeptide. In further or additional embodiments, such derivatizations are rapid at ambient temperature. In
further or additional embodiments, such derivatizations occur in aqueous solutions. In further or additional
embodiments, such derivatizations occur at a pH between about 4 and about 10. Tn further or additional
embodiments, such derivatizations oceur at a pH between about 4 and about 7. In further or additional embodiments,
such derivatizations occur at a pH between about 4 and about 5. In further or additional embodiments, such
derivatizations occur at 2 pH of about 5, In further or additional embodiments, such derivatizations occur at a pH of
about 4.



10

15

[006] Tn one aspect are non-natural amino acids for the chemical derivatization of peptides and proteins based
upon the reactivity of an aromatic amine group. In further or additional embodiments, at least one of the
aforementioned non-natural amino acids is jncorporated into a polypeptide, that is, such embodiments are non-
natural amino acid polypeptides. In further or additional embodiments, the non-natural amino acids are
functionalized on their sidechains such that their reaction with a derivatizing molecule generates an amine linkage.

. In further or additional embodiments, the non-natural amino acids are selected from amino acids having aromatic

emifie sidechains, In further or additional embodiments, ihe non-natural amino acids comprise a masked sidechain,
including a masked aromatic amine group.

[607] In fuirther or addltlonal embodiments, the non-natural amino acids comprlse aromatic “amine sidechains
where the aromatic amine is selected from an aryl amine or a heteroaryl amine. In 2 further or “additional

‘embodirment, the non-natural amino acids resemble a natural amino acxd in structure’ but comam aromar.xc amine

groups. In another or further embodiment the non-natural amino aclds resemble phenylalanine or tyrosine (aromatlc
ammo acids). In one embodlment. the non-natural amino acids have propesties that are distinct from those of the
natural amino acids. In one embodiment, such distinct properties are the chemical reactivity of the sidechain; in a
further embodiment this d:stmct chemical reactivity permits the sidechain of the non-natural amino acid to nndergo
a reaction while being a unit of a polypeptide even though the sidechains of the uatu_ra!ly-opcu;ring amino acid vnits
in the same polypeptide do not undergo the aforementioned reaction. In 2 further embodiment, the sidechain of the
non-natural amino acid has a chemistry orthogonal to those of the naturally-occurying amino acids. In a further
embodiment, the sidechain of the non-natural aminé acid comprises 2 nucleophile;éontnining moiety; in a further
embodiment, the nucleophile-containing moiety on the sidechain of the non-natural amino acid can undergo a
reaction to generate an amine derivatized protein. In a further embodiment, the sidechain of the non-natpral amine
acid comprises an electrophile-containing moiety; in a further embodiment, the electrOphilé-containfng moiety on
the sidechain of the non-patutal amino acid can undergo nucleophilic attack to generate an amine deri;atized

" protein. In any of the aforementioned embodiments in this paragraph, the non-natural aming acid may exist as a

separate molecule or may be incorporated into 2 polypeptide of any length; if the lattcr then the polypeptide may
further incorporate naturally-occurring or non-natural amino acids.

{008]  In another aspect are carbonyl-substituted molecules such as, by way of example, aldehydes, and ketones,
for the production of derivatized non-natural amino acid polypeptides based upon an amine linkage, In a further
enibodiment are aldehyde-substituted molecules used to derivatize aromatic amine-containing non-natral amino
acid polypeptides via the formation of an amine linkage between the derivatizing molecule and the aromatic amine-
containing non-natural amino acid polypeptide. In further or additional embodiments, the aldehyde-substituted
molecules comprise a group selected from: a Jabel; a dye; a polymer; a water-soluble polymer; a dexivative of
polyethylene glycol; & photocrosslinker; a cytotoxic compound; a drug; an affinity label; a photoaffinity label; a
reactive compound; 2 resin; a second protein or polypeptide dr polypeptide analog; an antibady o antibody
fragment; a metal cheletor; a cofactor; a fatty acid; a carbohydrate; 2 polynucleotide; 2 DNA; a RNA; an antisense
polynucleotide; a saccharide, 2 water-soluble dendrimer, a cyclodextrin, a biomaterial; a nanoparticle; 2 spin 1al;el; a
fluorophore, a metal-containing mojety; a radjoactive molety; a novel functional group; a group that covalently or
noncovalently interacts with other molecules; a photocaged moiety; an actinic radiation excitable moiety; a ligand; a
photoisomerizable moiety; biotin; 2 biotin analogue; a moiety incosporating 2 heavy atom; a chemically cleavable
group; a photocleavable group; an elongated side chain; a carbon-linked sugar; a2 redox-active agent; an amino
thicacid; a toxic moiety; an isotopically labeled moiety; a biophysical probe;, @ phosphorescent group; 2
chemifuminescent group; an electron dense group; a magnetic group; an inten:?lating group; 2 chromophore; an
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energy transfer agent; a biologically active agent; a detectable label; a small molecule; an inhibitory ribonucleic
acid; a radionucleotide; a neutron-capture agent; a derivative of biotin; quantum dot(s); a nanotransmitter; a
radiotvansmitter, an abzyme, an activated complex activator, a virus, an adjuvant, an aglycan, an allergam, an
angiostatin, an antihormone, an antioxidant, an aptamer, a guide RNA, a saponin, a shuttle vector, a macromolecule,
a mimotope, a receptor, a reverse micelle, and any combination thereof. In further or additional embodiments, the
aldehyde-substituted molecules are aldehyde-substituted ponetf:ylene glycol (PEG) molecules. In a fusther
embodiment, the sidechain of the non-patural amino seid has 2 chemistyy orthogonal to those of the naturally-
occurring amino acids that allows the non-natural amino acid to react sclectively with the aldehyde-substituted
molecules. In a further embodiment, the sidechain of the non-natural amino acid comprises an aromatic amine-
containing moiety that reacts selectively with the aldehyde-containing molecule; in a further embodiment, the
aromatic amine-conizining moiety on the sidechain of the non-natural amino acid can undergo reaction to generate
an atkylated amine-derivatized protein. In a further aspect relatéd to the embodiments described in this paragraph are
the modified non-natural amino acid polypeptldes that result from the reaction of the derivatizing molecule w:th the
non-natural amino acid polypeptides. Further embodiments include any further modifications of the already
modified non-natural amino acid polypeptides, .

{069] In another aspect are aromatic amine-substituted molecules such as, by way of example, ary} amines and
heteroaryl amines, for che production of derivatized ‘non-hatural amino acid polypeptides based upon an amine
linkage. In a further embodiment are aromatic amine-substituted molecules used to derivatize aldehyde-containing
non-natural amine acid polypeptides via the formation of an amine linkage between the derivatizing molecule and
the aldehyde-containing non-natural amino acid polypeptide. In further or additional embodiments, the aromatic
amine-substituted molecules comprise a group selected from; = label; a dye; 2 polymer; a water-soluble polymer; 2

.derivative of polyethylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; a

photoaffinity label; @ reactive compound; a resin; a secand protein or palypeptide or polypeptide analog; an antibody
or antibody fragment; a metal chelator; a cofactor; a fatty acid; a cmi)ohydratb; a polynucleotide; a' DNA; 2 RNA; an
antisense polynucleotide; a saccharide, a2 water-soluble dendrimer, a cyclodextrin, a biom'atcrial; a nandpﬁréicle; a
spin label; a fluorophore, a metal-containing moiety; 2 radioactive moiety; 2 novel functional group; & group that
covalently or aoncovalently interacts with gther molecules; a photocaged moiety; an actinic radiation excitable
moijety; a ligand; a photoisomerizable moiety; biotin; a biotin analogue; a moiety incorporating a heavy atom; a
chemically cleavablé group; a photocleavable group; an elongated side chain; a carbon-linked sugar; a redox-active
agent; an amino thioacid; a taxic moiety; an isotopically labeled mojety; a biophysical probe; a phosphorescent
group; a chemiluminescent group; an electron dense group; a magnetic grodp; an intercalating group; a
chromophore; an energy ftransfer agent; a bio]ogica.lly active agent; a detectable Jabel; a small molecule; an
inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative of biotin; quantum dot(s); a
nanotransniitter; a radiotransmitter; an abzyme, an activated complex activator, a virus, an adjuvant, an aglycan, an
allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a puide RNA, a saponin, 2 shuttle vectar, 2
macromolecnle, 2 mimotope, a receptor, a reverse micelle, and any combination thereof. In further or additional
embodiments, the aromatic amine-substituted molecules are aromatic amine-substituted polysthylene glycol (PEG)
molecules, In a further embodiment, the sidechain of the non-natural amino acid has a chemistry orthogonal to those
of the naturally-occurring amino acids that allows the ndn-natural amino acid to react selectively with the aromatic
amine-substituted molecules. In a further embodiment, the sidechain of the non-natural amino acid comprises an
aldehyde-containing moiety that reacts selectively with the aromatic amine-containing molecule; in a further

embodiment, the aldehyde-containing moiety on the sidechain of the non-natural amino acid can undergo reaction to
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generate an alkylated amine-derivatized protein. In 2 further aspect related to the embodiments described in this
paragraph are the modified non-natural ainino acid polypeptides that result from the reaction of the derivatizing
molecule with the non-patural amino acid polypeptides. Further embodiments include any further modifications of
the already modified non-natural amino acl:d polypeptides.

[010)  In another aspect are mono-, bi- and multi-functional linkers for the generation of derivatized non-natural
amino acid polypeptides based upon an amine linkage. In one embodiment are molecular linkers (bi- and multi-
functional) that can be used to connect aromatic amine-containing non-natural amino acid polypeptides to other
molecules. In another embodiment the aromatic amine-containing non-natural amino acid polypeptides comprise an
aryl amine or 2 heteroaryl amine sidechain. In an embodiment utilizing an 2romatic amine-containing non-natural
amino acid polypeptide, the molecular linker contains an aldehyde group at one of its termini. In further or
additional embodiments, the zldehyde-substituted linker molecules are aldehyde-substituted polg;ethylene glycol
(PEG) linker molecules, In ﬁ.trthe;' e:nbo.dimenis, the phrase “otl;ér molecules” includes, by way of example only,
proteins, other polymers and small molecules. In further or additional embodiments, the aldehyde-containing
molecular linkers comprise the same or equivalent group; on all termini so that upon reaction with an aromatic
amine-containing non-natural amino acid polypeptide, the resulting product is the homo-multimerization of the
aromatic amine-containing non-natural amino acid polypeptide. In further embodiments, the homo-multimerization
is a homo-dimerization. In further or additional embodiments, the molecular linkers comprise at least one aldehyde
group and a different group on all termini so that upon teaction with an aromatic amine-containing non-natural
amino acid polypeptide, the resulting product is the hetero-multimerization of the aromatic amine-containing non-
nataral é\rpino acid polypeptide. In further embodiments, the hetéro-mnltimerizaﬁon is 2 hetero-dimerization. In a
further embodiment, the sidechain of the non-patural aminoc acid has a chemistry orthogonal to those of the
naturally-oscurring amino acids that allows the non-natural amino acid to react seleetively with the aldehyde-
substituted linker molecules. Tn a further aspect refated to the embodiments described in_this paragraph are the
linked modified or unmodified non-natural amino. acid polypeptides that vesult from the reaction of the linker
meolecule with the non-natural amino acid polypeptides. Further embodiments include any further modifications of
the already linked modified or unmodified non-natural amino acid polypeptides.

{011]  Inone aspect are methads to derivatize proteins via the reaction of aromatic amines and aldehyde reactants
to alkylated amine-derivatized protein, Included within this aspect are methéds for the derivatization of proteing
based upon the reductive alkylation of aromatic amine- and aldehyde- containing reactants to generate alkylated
amine-derivatized protein adduét. In additional or'ﬁmher embodiments are methods to derivatize aromatic amine-
containing proteins with aldehyde-functionalized polyethylene glycol (PEG) molecules. In yet additional or further
aspects, the aldehyde-substituted molecule can include proteins, other polymers {non-branched and branched), and
small molecules,

{012] In anothtr aspect are methods for the chemical synthesis of aldehyde-substituted molecules for the
derivatization of aromatic amine-substituted proteins. In one embodiment, the aldehyde-substituted molecule can
comprise peptides, other polymers (non-branched and branched) and small molecnles. In one embodiment are
methods for the preparation of aldehyde-substituted molecules suitable for the derivatization of aromatic amine-
containing non-natural amino acid polypeptides. In a further or additional embodiment, the nor-natural amino acids,

+ including, but not limited to, aromatic amine-containing non natural amino acids, are incorporated site-specifically

during the in vivo translation of proteins. In further or altermative embodiments, the non-natural amino aclds,

"including, but nat limited to, aromatic amine-containing nan natural amino acids, are incorporated site-specifically

by ribosomal transiation. In further or altemative embodiments, the non-natural amino acids, including, but not
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limited to, aromatic amine-containing non natural amino acids, are incorporated site-specifically during the in vitro
translation, In a further or additional embodiment, the aldehyde-substituted molecules allow for the site-specific
derivatization of aromatic amine-containing non-natural amino acids via reductive alkylatlon of the aromatnc amine
moiety to form an alkylfated amine-derivatized polypeptide in a site-specific fashion. In a further or additional
embodiment, the-method for the preparation of aldehyde-substituted molecules provides access to a wide variety of
site-specifically derivatized polypeptides. Yn a further or additional embodiment are methods for synthesizing
aldehyde-functionalized po!yemylene glycol (PEG) molecules.

{0137  In another aspect are methods for the chemical derivatization of aromatic amme—substnmted non-naturat
amino acid polypeptides using an aldehyde-containing bi-functional linker. In one embodiment are methods for
attaching an aldehyde-substituted linker ta an aromatic amine-substituted protein via a reductive alkylation reaction
to generate an amine linkage. In further.or additional embodiments, the aromatic amine-substituted non-natural
amino acid is an aryl amine or a heteroaryl amine-substituted non-natural amino acid. In ﬁth!ter or additional
embodiments, the non-natnral amino acid polypeptides are derivatized site~specifically and/or with precise control
of three~-dimensional structure, using an aldehyde-containing bi-functional linker. In one embodiment, such methods
are’used to attach molecular linkers (mono- bi- and mulii-functional) to aromatic amine-containing non-natural
amino acid polypcptldes wherein at least one of the linker termini contains an aldehyde group which can link to the
aromhatic amine-containing non—natural ammo acid polypeptides via an amine linkage, In a further or additional
embodiment, these linkers are used to connect the aromatic amine-containing non-natural amino acid polypeptides
to other molecules, including by way of exampls, proteins, other polymers (branched and non-branched) and small
molecules. '

1014]' In some embodiments, the non-natural amino acid polypeptide is linked to a water soluble polymer. In
some embodiments, the water sojuble polymer comprises a polyethylene glycol moiety. In some embodiments, the
poly(ethylene glycol) molecule is a bifunctional polymer. In some embodiments, the bifunctiona! polymer is linked
to a second polypeptide. In some embodiments, the second polypeptide is identical to the first polypeptide, in other
embodiments; the second polypeptide is a different polypeptide. In some embodiments, the non-natural amino acid
polypeptide comprises at least two amino acids linked to a water sotuble polymer comprising a polyethylene glyco)
moiety. ) )

{815] In some embediments, the non-na'tural amino acid polypeptide c&mprises a substitution, addition or
deletion that increases affinity of the non-natural amino acid polypeptide for a receptor. In some embodiments, the
non-natural amino acid polypeptide comprises a substitution, addition, or deletion that increases the stability of the
non-natural amine acid polypeptide, In some embodiments, the non-natural amino acid polypeptide comprises a
substitution, addition, or deletion that increases the aqueons solubility of the non-natural amino acid polypeptide. In
some embodiments, the non-natural amino acid polypeptide comprises a substitution, addition, or deletion that
increases the solubility of the non-natural amino acid polypeptide produced in a host cell. In some embodiments, the
non~natural amino acid polypeptide comprises a substitution, addition, or deletion that modulates protcase
resistance, serum half-life, immunogenicity, and/or expression relative to the amino-acid polypeptide without the
substitution, addition or deletion.

[016] Im some e.mbodimcnts, the non-natural amino acid polypeptide is an agonist, partial agonist, antagonist,
partial antagonist, or inverse agonist. In some embodiments, the agonist, partial agonist, antagonist, partial
antagonist, or inverse agonist comprises a non-natural amino acid linked to a water soluble polymer. In some
embodiments, the water polymer comprises a polyethylene glycal moiety. In some embodiments, the polypeptide
comprisirig 2 non-patural amino adid linked to a water soluble polymer, for example, may prevent dimerization of
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the corresponding receptor. In some embodiments, the polypeptide comprising 2 non-natural amino acid linked to a
water soluble polymer modulates binding of the polypeptide to a binding partner, Jigand or receptor. In some
embodiments, the polypeptide compsising a non-natural amino acid link;ed 10 & water soluble polymer modulates one
or more properties ar activities of the polypeptide. ..

[017] In some embodiments, the sclector codon is selected from thé group consisting of an amber codon, ochre
codon, opal codon, a unique codon, a rare codon, an unnatural codon, a‘five-base codon, and a four-base codon.
[018] In further or additional embodiments, the non-natural aromatic amine amino acid polypeptides and/or
modified non-natural aromatic amine amino acid polypeptides described herein haye at least one of the following
characteristics: {1) the amine moiety of the aromatic amine is 2 primary amine; (2) the amine moiety of the aromatic
amine 35 a secondary amine; (3) the aromatic moiety of the aromatic amine is a heteroaromatic mojety; (4) the
aromatic moiety of the aromatic amine is an aryl moiety; (5) the aromatic amine reacts with aldehyde functionalized
grotips; (6) is coupled to a water soluble polymer; (7) is PEGylated; (8) has increased therapeutic half-life refative to
the corresponding polypeptide without the non-natural aromatic amine amino acid; (9) has increased serum half-life
relative to the corresponding polypeptide without the non-natural aromeatic amine amino acid; (30) bas increased
circufation time relati\:re 1o the corresponding polypeptide without the non-natural aromatic amine amino acid; (11)
has increased water solubility refative to the corresponding polypeptide without the non-natural aromatic amine
amino ';c'id; (1.2) has enhanced bioavailability relative to the cotresponding polypeptide without the non-natural
aromatic amine amino acid; (13) has modulated immunogenicity relative to the carresponding polypeptide without
the no_nmatuml aromatic amine amino acid; (14) has modulated biological activity relative to the corresponding
polypeptide without the non-natural aromatic amine amino acid; (15) is past of 2 pharmaceutical composition; (16)
is ?htqined from cell culture; (17) is chemically synthesized; (18) is used in library screening methods; (19) is used
with arrays; (20) is used with protein arrays; (21} is used for gene expression analysis; (22) is coupled to at least one
agent; (23) is coupled to a label; (24) is coupled to a dye; (2§) is coupled to a polymer; (26) is coupled to a cytotoxic
compound; (27) is coupled to a drug; (28) is coupled to a second protein or polypeptide or polypeptide analog; (29)
is coupled to an antibody or antibedy fragment; (30) is coupled to a carbohydrate; (31) is coupled to a
palynucleotide; (32) is coupled to an antisense polynucleotide; (33) is coupled to a saccharide, (34) is coupled to a
fluorophore, (35) is coupled to a chemically cleavable group; (36) is coupled to a photocleavable group; (37) is
boupled to an ‘energy transfer agent; (38) is coupled to a radionucieotide; (39) may be post-transiationally modified;
(40) may be post-translationally modified by reductive alkylation; (41) may be post-translationally modified by
reductive atkylation in a pH range between abont 4 1o about 10; (42) may be site-specifically derivatized by.post-
translational reductive atkylation; (43} may be rapidly post-translationally modified by reductive alkylation at rcom
temperature, (44) may be post-transiationally modified by reductive alkylation in aqueous comiilions; (45) may be
post-translationally maodified by reductive alkylation with stoichiometric reaction conditions; (46) may be post-.‘
translationally modified by reductive alkylation with near-stoichiometric reaction conditions; (47) may be post~
translationally modified by reductive alkylation with stoichiometric-like reaction conditions; (48) is used to treat 2
mammal suffering ftom 2 disease, disorder or condition; (49) is used to treat a human suffering from a disease,
disorder or condition; (50) is used to diagnose 2 mammal suffering from a disease, disorder or condition; (51) fs
used to diagnose a human suffering from a disease, disorder or condition; (52) is part of a sustained-release
compositions; (53) the amine moiety is formed by post-translational reduction of a masked amine moiety; (54) the
amine moiety is formed by post-translational reduction of an imine moiety;.(55) the amine moiety is formed by post-
transiational reduction of an azide moisty; (56) the amine moiety is formed by post-transiational reduction of a
hydrazine moiety; (57) the amine moliety is formed by-post-translational reduction of z nitro moiety, (58) is coupled
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to a pro-drug; (59) is obtained from cell lysate; (60) is ribosomally translated; (61) may be post-translationally
mod%ﬁed by reductive alkylation in a pH range between about 4 to about 7; (62) may be post-transiationally
modjfied by reductive alkylation in a pH range between about 4 to about 5; (63) may be post-translationally
modified by reductive alkylation at a pH of about 5; (64) may be post-transiationally modified by reduetive
alkylation at 2 pH of about 4; (65) reacts rapidly in reductive alkylation reactions; (66) reacts in less than about 10
hours in reductive alkylation reactions; (67) reacts in less than about 8 hours in reductive alkylation reactions; (68)
reacts in less than abont 6 hours in reductive alkylation reactidns; (68) reacts in less than about 4 hours in reductive
alkylation reactions; {69) reacts in less than about 2 hours in reductive'alkylation reactions; (70) reacts in less than
about 1 hour in reductive alkylation reactions, or (71) reacts in Jess than abont 30 minutes in reductive alkylation
reactions. . .

[019] In further or alternative embodiments the non-natural aromatic amine amine acid polypeptides and/or
modijfied non-natural aromatic amine amino acid polypeptides described herein have at least two of the
aforementioned characteristics. In further or alternative embodiments the non-natural aromatic amine amino acid
polypeptides and/or modified non-natural aromatic amine amino acid polypeptides described herein have at least

" three of the aforementioned characteristics. In further or alternative embodiments the non-natural aromatic amine

amino acid polypeptides and/or modified non-natural aromatic amine amino acid polypeptides described herein have
at least four of the aforementioned characteristics. In further or altemati;'e embodiments the non-natural aromatic
amine amino acid polypeptides and/or modified non-natural aromatic amine amino acid polypeptides described
herein have at Jeast five of the aforcmentioned characteristics, - .

[020] In further or additional embodiments, the non-natural aldehyde-based amine acid polypeptides and/or
madified non-natural aldehyde-based amino acid polypeptides described herein have at Jeast one of the following
characteristics: (1) contains a protected or masked aldehyde moiety; (2) contains a deprotected or unmasked
aldehyde moiety (3) contains a deprotected or unmasked aldehyde moiety which can react with.an aromatic amine;
(4} contains a deprotected or unmasked aldehyde moiety which can react with a heteroaromatic amine; (5} contains &
deprotected or unmasked aldehyde moiety which can react with an aromatic amine or a heteroaromatic amine by
reductive amination; (6) is coupled to a water soluble polymer; (7) is PEGylated; (8) has increased therapeutic half-
jife relative to the comresponding polypeptide without the non-natural aldehyde<based amino acid; (9) has increased
scrum half-life relative to the corresponding polypeptide without the non-natural aldehyde-based amino acid; (10)
bas increased circulation time relative to the corresponding polypeptide without the non-natural aldehyde-based
amino acid; (11) has increased water solubility relative to the corresponding polypeptide without the non-~natural
aldehyde-based amino acid; (12) has enhanced bioavailability relative to the corresponding polypeptide without the
non-natural aldehyde-based amino acid; (13) has modulated immunogenicity relative to the corresponding
polypeptide without the non-natural aldehyde-based amino acid; (14) has modulated biological activity relative to
the corresponding polypeptide without the non-natural aldehyde-based amino acid; (15) is part of a pharmaceutical
composition; (16) is obfained from cell culture; (17) is chemically synthesized; (18) is vsed in library screening
methods; (19) is used with arrays; (20) is used with protein arrays; (21) is used for gene expression analysis; (22) -
can be coupled to an agent via reductive amination; (23) is coupled to a label; (24) is coupled to a dye; {25) is
coupled to a polymer; (26) is coupled to a cytotoxic compound; (27) is coupled to a drug; (28) is coupled to a second,
protein or polypeptide or polypeptide analog; (29) is coupled to an antibody or antibody fragment; (30) is coupled to
a carbohydrate; (31) is coupled to a polynucleotide; (32) is coupled to an antisense polynucleotide; (33) is-coupled to
a saccharide, (34) is coupled to a fluorophare, (35) is coupled to a chemically cleavable group; (36} is coupled w a
photocleavable group; (37) is coupled to an energy transfer agent; (38) is coupled to a radionucleotide; (39) may be
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post translationally modified; (40) may be post-transtationally modified by reductive amination; (41) may be post-
translationally modified by reductive amin;tion in a pH range between about 4 to about 10; (42) may be site-

speciﬁca]l); derivatized by post-transiation reductive amination; (43) may be rapidly post-translationally modified by -

reductive amination at room temperature, (44) may be post-translationally modified by reductive amination in

+ aqueous conditions; (45) may be post-translationally mc;diﬁed by reductive amination with stoichiometric reaction

conditions; (46) may be post-transiationally modified by reductive amination with near-stoichiometric .reaction
couditians; (47) may be post-transfationally modified by reductive amination with stoichiomefric-like reaction

conditions; (48) is used treat 2 mammal suffering from a disease, disorder or condition; (49) is used treat 2 human .

suffering from a disease, disorder or condition; (50) is used diagnose 2 mammal suffering from 2 disease, disorder or
conglition; (51} is used diagnose 2 human suffering from a disease, disorder or condition; (52) is part of a sustained-
release compositions; (53) is coupled to a pro-drug; (54) is obtained from cel) lysate; (55) is ribosomally translated;
(56) may l?e post-tragslationally modified by reductive amination in a pH range between about 4 to about 7; (57)
may be post-translationally modified by reductive amination in a pH range between about 4 to about 5; (58) may be
post-transiationally modified by reductive amination at a pH of about 5; (59) may be post-translationally modified
by reductive amination at a pH of about 4; (60) reacts rapidly in reductive amination reactions; (61) Teacts in less
than about 10 hours in reductive amination reactions; (62) reacts in less than about 2 hours in reductive amination
reactions; (63) reacts in less than about 6 hours in reductive amination reactions; (68) reacts in less than about 4
hours in reductive amination reactions; (64) reacts in less than about 2 hours in reductive amination reactions; (65)
reacts in less than about 1 hour in reductive amination reactions, or {66) reacts in less than abont 30 minutes in
reductive amination reactions, X ) . e e
[021] Tn further or altemative embodiments the non-natural aldehyde-based amino acid polypeptides and/or
.modified non-natural aldehyde-based amino acid polypeptides described herein have at least two of the
aforementioned characteristics: In further or altemative embodiments the non-natural aldehyde-based amino acid
polypeptides and modified non-natural aldehyde-based amino acid polypeptides described herein have at least three
of the aforementioned characteristics. In further or altemative embodiments the non-natural aldehyde-based amino
acid polypeptides and/or modified non-natural aldehyde-based amino acid polypeptides described herein have at’
least four of the aforementioned characteristics. Jn further or alternative embodiments the non-natural aldehyde-
based amino acid polypeptides and/or modified non-natural aldehyde-based amino acid polypeptides described
herein have at least five of the aforementioned characteristics.
{022]  Also described herein are methods of making a non-natural amino acid polypeptide linked to a water
soluble polymer. In some embodiments, the method comprises contacting an isolated polypeptide comprising a non-
natural amine acid with a water soluble polymer comprising a moiety that reacts with the non-natural aming acid. In
some embodiments, the non-natural amino acid incorporated into is reactive toward a water soluble polymei that is
otherwise unreactive toward .any of the 20 common amino acids, In some embodiments, the water polymer
corprises a polyethylene glycol moiety, The molecular weight of the polymer may be of a wide range, including but
nat §imited to, between about 100 Da and about 100,000 Da or more, The molecular weight of the polymer may be
between about 100 Da and about 100,000 Da, including but not limited to, 100,000 Da, 95,000 Da, 20,000 Da,
85,000 Da, 80,000 Dz, 75,000 Da, 70,000 Da, 65,000 Da, 60,000 Da, 55,000 Da, 50,000 Da, 45,000 Da, 40,000 Da,
35,000 Da, 30,000 Da, 25,000. Da, 20,000 Da, 15,000 Da, 10,000 Da, 5,000 Da, 8,000 Da, 7,000 Da, 6,000 Da,
5,000 Da, 4,060 Da, 3,000 Da,.2,000 Da, 1,000 Dz, 900 Da, 800 Da, 700 Da, 600 Da, 500 Da, 400 Da, 300 Da, 200
Da, and 100 Da. In some embodiments, the molecular weight of the polymer is between about 100 Da and about
50,000 Da. In some embodiments, the molecular weight of the polymer is between about 100 Da and about 40,000
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Da. In some embodiments, the molec;:]ar weight of the polymer is between about 1,000 Da and about 40,000 Da. In
some embodiments, the molecular weight of the polymer is between about 5,000 Da and about 40,000 Da. In some
embodiments, the molecular weight of the polymer is between about- 10,000 Da and about 40,000 Da. In some
embodiments, the polyethylene glycol molecule is a branched polymer. The molecular weight of the branched chain

. PEG may be between about 1,000 Da and about. 100,000 Da, including but not limited to, 100,000 Da, 95,000 Da, -

90,000 Dg, 85,000 Da, 80,000 Da, 75,000 Da, 70,000 Da, 65,000 Da, 60,000 Da, 55,000 Da, 50,000 Da, 45,000 Da,
40,000 Da, 35,000 Da, 30,000 Da, 25,000 Da, 20,000 Da; 15,000 Da, 10,000 Da, 9,000 Da, 8,000 Da, 7,000 Da,
6,000 Da, 5,000 Da, 4,006 D, 3,000 Da, 2,000 Da, and 1,000 Da, In some embodiments, the molecular weight of
the branched chain PEG s between about 1,000 Da and about 50,000 Da. In some embodiments, the molecular
weight of the branched chain PEG is hetween about 1,000 Da and about 40,000 Da. ’In some embodiments, the
molecular weight of the branched chain PEG is .bctwecn about 5,000 Da and about 40,000 Da. In some
embodiments, the molecular weight of the branched chain PEG is between about 5,000 Da and about 20,000 Da.
1023]  Also described herein are compositions comprising a polypeptide comprising at feast one of the non~natural
amino acids described herein and a pharmaceutically acceptable carrier. In some embodiments, the non-natural
amino acid s linked to a water soluble polymer. Also described herein are pharmaceutical compositions comprising
a pharmaceutically acceptable carrier and a polypeptide, wherein at least one amino acid is substituted by 2 non-
natural amino acid. In some embodiments, the non-natural amino acid comprises a saccharide moiety. In some
embodiments, the water soluble polymer is Jinked to the polypeptide via a saccharide mojety.

[024]  Also described herein are cells comprising a polynucleotide encoding the polypeptide comprising a sclector
codon. In some embodiments, Ehe cells comprise an orthogonal RNA synthgta.'_.c_anq}oy an oﬂ.hggopa} RNA for
substituting a non-natural amine acid into the polypeptide. In some embodiments the cells are in a cell culture,.
whereas in other embodiments the cells of part of & m}zlticcllular organism, including amphibians, reptiles, birds,
and mammals. In any of the cell embodiments, further embodiments include expression of the .polynucleotide 10
produce the non-natural amine acid polypeptide. In some embadiments, the non-natural amino acid polypeptide is
produced i vitro. In some embodiments, the non-natural amino ao:-.id polypeptide is produced in cell fysate, In some
embodiments, the non-patural amino acid polypeptide is produced by ribosomal transiation.

[025]  Also described herein are methods of making a polypeptide comprising a non-natural amino acid. In some
embodiments, the methods comprise culturing cells comprising a polynucleotide or polynucleotides encoding a
polypeptide, an orthogenal RNA synthetase and/or an orthogonal tRNA. under conditions to permit expression of the
polypeptide; and purifying the polypeptide from the cells and/or culture medium,

{026]  Also described herein are libraries of the non-natural amino 2cids described herein or Iibraries of the non-
natural amino acid polypeptides described herein, or libraries of the modified non-natural amino acid polypeptides
described herein, or combination libraries thereof. Also described herein are atrays containing at Jeast one non-
natural amino acid, at least one non-natural amino acid polypeptide, and/or at least one modified non-natural amino
acid. Alsa described herein are arrays containing at least one polynucleotide encoding a polypeptide comprising a
selector codon. The arrays described herein-may be used to sereen for the production of the non-natural amine acid
polypeptides in an organism (cither by detecting transcription of the polynucleotide encoding the polypeptide or by
detecting the iransiation of the polypeptide). .

1027]  Also described herein are methods for screening librasies described herein for a desired activity, ar for
using the arrays described herein to screen the libraries described herein, or for other libraries of compounds and/or
polypeptides and/or polynucleotides for a-desired activity. Also described herein is the use of such activity data from
library screening to develop and discover new therapewtic agents, as well as the therapentic agents themselves.
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[028]  Also described herein are methods of increasing therapeutic half-life, serum half-life or circulation time of
a polypeptide. In some embodiments, the methods comprise substituting at least one non-natural amino-acid for any
one,or more amino acids in a naturally occurring polypeptide and/or linking the polypeptide to a water soluble
polymer.

[029]  Also described herein are methods of treating a patient, in need of such treatment, with an effective amount
of a pharmaceutical composition which comprises a polypeptide comprising a non-natwal amino acid and &
pharmaceutically acceptable carrier. In some embodimetits, the non-natural amino acid is linked to a water soluble
polymer. . :

{0361 It is to be understond that the methods and compositions described herein are nc->t limited to the particular
methodology, protocols, cei lines, constructs, and reagents described herein and as such may vary. It is also to be
understood that the terminology used herein is for the purpose of describing: particular embodiments only, and is not
intended to limit the scope of the methods and compositions described herein, which will be limited only by the
appended ¢laims.

[031]  As used herein and in the appended claims, the singular forms “a,” “an,” and “the” include plural reference
unless the context clearly indicates otherwise. . .

[032] Unless deﬁm;d otherwise, all technical and scientific terms wsed herein have the same meaning as
commonly undersiood to one of ordinary skill in the art to which the inventions described herein belong. Although
any methods, devices, and materials similar or equivalent 1o those described herein can be used in the practice or
testing of the inventions described herein, the preferred methods, devices and materials are now described.

[033]  All publications and patents mentioned herein are incorporated herein by reference in their entirety for the
purpose of describing and disclosing, for example, the constructs and methodologies that are described in the
publications, which might be used in connection with the presently described inventions. The publications discussed
herein are provided solely for their disclosure prior to the filing date of the present application. Nothing herein is to
be construed as an admission that the inventors described herein are not entitled to antedate such disclosure by virtue
of prior invez,ltioq or for any other reason.

[034] The term “affinity label,” as used herein, refers to a label which reversibly or irreversibly binds another
molecule, either to modify it, destroy it, or form a compound with it. By way of example, affinity labels include
enzymes and their substrates, or antibodies and their antigens. ’

[035]  The terms “alkoxy,” “alkylamino” and “alkyithio” are used in their conventional sense, and refer to alkyl
groups Jinked to molecules via an oxygen atom, an amino group, a sulfur dtom, respectively.

[036] The term “alkyl,” by itsclf or as part of another molecule, means, unless otherwise stated, a straight or
branched chain, or cyclic hydrocarbon radical, or combination thereof, which may be-fully saturated, monoe~ or
polyunsatursted and can include di- and multivalent radicals, having the number of carbon atoms designated (i.e. C;-
Cjo means one to ten carbons), Examples of saturated hydrocarbon radicals ‘include, but are not limited to, groups
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-buty}, isobutyl, sec-butyl, cyclohexyl, (cyclohexyDmethyl,
cyclopropylmethyl, homologs and- isomers 'of, for example, n-penty], n-hexyl, n-heptyl, n-octyl, and the Like. An
unsaturated alky] group is one having one or more double bonds or friple bonds. Examples of unsaturated alkyl
groups include, but are not limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-
(1,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs and isomers, The term “alkyl,”
unless otherwise noted, is also meant to include those derivatives of alkyl defined in.mare detail below, such as
“heteroalkyl™, “haloalkyl” and “homoalkyl”,

’
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{037}  The term “alkylene” by itself or s part of another molecule means a divalent radical derived from an
alkane, as exemplified by (~CHz-)s, wherein n may be 1 to about 24. By way of example only, such groups include,
but are not {imited to, groups having 10 or fewer carbon atoms such as the structures .-CHchz— and —
CH.CH,CH,CHz- A “lower alkyl” or “lower alkylene” is a shorter chain alky! or alkylene group, generally having
eight ar fewer carbon atoms. The term “alkylene,” unless otherwise noted, is also meant fo irclude those groups
described below as “heteroalkylene.”

[038] The term *amino acid” refers to naturally cccurring and non-natural amine acids, as well as amina acid
analogs and amino acid mimetics that function in a manner similar to the natorally occurring amino acids. Naturally
encoded amino acids are the 20 common amino acids (alanine, -arginine, asparagine, aspartic acid, cysteine,
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine,
threonine, ‘nyptophan, tyrosine, and valine} and pyrrolysine and selenocysteine, Amino acid analogs refers to
compounds that hava the same basic chemical structure as a naturally oceuering amine acid, by way of example, an
« carbon that is bound to a hydrogen, a carboxyl group, an amino group, and an R group. Such analogs may have
modified R groups (by way of example, norlencine) or may have modified peptide backbones, while still retaining
the same basic chemical structure as a maturally occurring amine acid. Non-limiting examples of amino acid analogs
include homoserine, norlencine, methionine sulfoxide, methionine methyl sulfonium.

[039}  Aming acids may be referred to herein by either their name, their commonly known three letter symbols or
by the one-letter symbols recommended by the IUPAC-IUB Biochemical Nomenclature Commission. Additionally,
nucleotides, may be referred to by their commonly accepted single-letter codes.

[040]  An “amino terminus modification group™ refers to any molecule that can be attached to a terminal amine
group, By way of example, such terminal amine groups may be at the end of polymeric molecules, wherein such
polymeric moalecules include, but are not limited to, polypeptides, polynucleotides, and polysaccharides. Terminus
modification groups include but are not limited to, various water soluble polymers, peptides or proteins. By way of
example only, terminus modification groups include polyethylene glycol or serutm albumin. Terminus modification
groups may be used to modify therapeutic characteristics of the polymeric molecule, including but not limited to
increasing the serum hali-life of peptides,

{6411 By “antibody fragment” is meant any form .of an amibc{dy other than the full-length form. Antibedy
fragments herein include antibodies that are smaller components that exist within full-length antibodies, and
antibodies that have been engineered. Antibody fragments include but are not limited to Fv, Fe, Fab, and (Fab".,
single chain Fv (scFv), diabodies, friabodies, tetrabodies, bifenctional hybrid antibodies, CDR1, CDR2, CDR3,
combinations of CDR’S, variable regions, framework regions, constant regions, heavy chains, light chains, and
variable regions, and alternative scaffold non-antibody molecules, bispecific antibadies, and the like (Maynard &
Georgiou, 2000, Annu. Rev. Biomed. Eng. 2:339~76; Hudson, 1998, Cure, Opin. Biotechnol. 9:395-402). Another
functional substructure is a single chain Fv (scFv), comprised of the variable regions of the immunoglobulin heavy
and light chain, covalently connected by a peptide linker (S-z Hu et al., 1996, Cancer Research, 56, 3055-3061)."
These.smalt (Mr 25,000) proteins generally retain specificity and affinity for antigen in a single polypeptide and can
provide a convenient building block for larger, antigen-specific molecules, Unless specifically noted otherwise,
statements and claims that use the term “antibody” or “antibodies” specifically includes “antibody fragment” and
“antibody fragments.” . -

[042]  The term “aromatic amine,” as used herein, refers to an aryl moiety which contains an amino moiety. Such
amino moieties may inciude, but are not limited to primary amines, secondary amines, tertiary amines, masked
amines, or protected amines., Such tertiary amines, masked amines, or protected amines may be converted to primary
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amine or secondary amine moieties. Additionally, the amine moiéty may include an amine-like mojety which has

similar chemical characteristics as amine moieties, including but not limited to chemical reactivity.

{043] The term “aromatic” or “aryl”, as used herein, refers to a.closgd ring structure which has at least one ring

having a conjugated pi electron system and includes both carbocyclic aryl and heterocyclic aryl (or “heteroaryl” or
“heteroaromatic™) groups. The carbocyelic or heterocyclic aromatic group may contain from 5 to 20 ring atoms. The
term includes' monocyclic rings linked covalently or fused-ring polyeyelic (i.e., rings which share adjacent pairs of
carbon atoms) groups. An aromatic group can be unsnbstituted or substituted. Non-limiting examples of *aromatic”
or “aryl”, groups include phenyl, l-nazihthyl, 2-paphthyl, 4-biphenyl: anthracenyl, and phenanthracenyl. Substituents
‘for each of the above noted aryl and heteroaryl ring systems are selected fiom the group of acceptable substituents
described below. .

-{044]  For brevity, the term “aromatic™ or “aryl” when used in combination with other terms (including but not

limited to, aryloxy, aryithioxy, aralkyl) includes both aryl and heteroaryl rings as defined above: Thus, the term
“aralkyl” or “alkaryl” is meant to include those radicals in-which an aryl group is attached to an alkyl group
(including but not limited to, benzyl, phenethyl, pyridylmethy! and the like) including those alky] groups in which a
carbon atom (including but not limited to, a methylene group) has been replaced: by a heteroatom, by way of
example only, by an oxygen atom. Examples of such aryl groups include, but are ;lot limited to, phenoxymethyl, 2-
pyridyloxymethyl, 3-(1-naphthyloxy)propyl, and the like.

1045] A “bifunctional polymer®, also referred to as a “bifunctional linker”, refers to a polymer comprising two
functional -.groups that are capable of reacting specifically with other moieties to form covalent or non-covalent
linkages. Such moieties may include, but are not limited to, the side groups on natural or non-natural amino acids or
pepfides which contain such natural or non-natural amino acids. By way of example only, a bifunctional finker may
have a functional group reactive with a group on 2 first peptide, and another functional group which is reactive with
= group on a second peptide, wheseby forming a conjugate that includes the first peptide, the bifunctional linker and
the second peptide. Many procedures and linker molecules for attachment of various compounds to peptides are
known. Ses, e.g., European Patent Application No. 188,256; U.S. Patent Nos. 4,671,958, 4,659,839, 4,414,148,
4,699,784; 4,680,338; and 4,569,789 which are incorporated by reference herein in their entirety. A “multi-
functional polymer™ also referred to as a “multi-fanctional linker”, refers to a polymer comprising two or more
functiona) groups that are capable of reacting with other moieties. Such moicties may include, but are not limited to,
the side groups on natural or non-natural amino acids or peptides which contain such natural or non-natural amino
acids (including but not limited to, amino acid side .groups) to form covalent or non-covalent linkages. A bi-
fungtional polymer or multi-functional polymer may be any desired length or molecular weight, and may be selected
to provide a particular desired spacing or conformation between one or more molecules linked to 2 compound and
molecules it binds to or the compound. '

[046]  The term “bicavailability,” as used herein, refers to the rate and extent to which a substance or its active
moiety is delivered from a pharmaceutical form and becomes available at the site of action or in the general
circulation,

[047]  The term “biologically active molecule?, “biologically active moiety” or “biologically active agent” when
used herein means any snbstance which can affect any physical or bjochemical properties of a biological system,
pathway, molecule, or interaction relating to an organism, including but not limited to, viruses, bacteria,
bacteriophage, transposon, prion; insects, fungi, plants, animals, and humans, In particular, as uvsed herein,
biologically active molecules include but are not limited to any substance intended for diagnosis, cure, mitigation,
treatmiont, or prevention of disease in humans or other animals, or to otherwise énhance physical or mental well-
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. being of humans or animals. Examples of biologically active molecules include, but are not limited to, peptides,

proteins, enzymies, small molecule drugs, hard drugs, soft drugs, carbohydrates, inorganic atoms or molecules, dyes,
lipids, nucleosides, radionuclides, oiigonucleotidcs, toxins, cells, viruses, liposomes; miéroparticles and micelles.
Classes of biologically active agents that are suitable for use with the methods and compositions described herein
include, but are not limited to, drugs, prodrugs, radionuclides, imaging agents, polymers, antibiotics, fungicides,
anti-viral agents, anti-inflammatory agents, anti-tumor agents, cardiovascular agents, anti-anxiety agents, hormones,
growth factors, steroidal agents, microbially derived toxins, and the like, -

[048]  The term “biomaterial,” as used herein, refers to a biologically-derived material, includi;zg but not Jimited
1o material obtained from bioreactors and/or from recormbinant methods ang techniques.

{049]  The term “biophysical probe,” as used herein, refers to probes which can detect or monitor structural
changes in malecules. Such molecules include, but are not limited to, proteins and the “biophysical probe” may be
used to detect or monitor interaction of proteins with other macromolecules. Examples of biophysical probes
include, but are not limited to, spin-labels, a flusrophores, and photoactivatable groups,

{0S0]  The term “biotin analogue,” or also referred to as “biotin mimic", as used herein, is any molecule, other
than biotin, which bind with high affinity to avidin and/or streptavidin.

[051] The term “carboxy terminus modification group™ refers to any molecule that can be attached to a tenminal
carboxy group. By way of example, such terminal carboxy groups may be at the énd of'pdli}rﬁerfg mélecules,
wherein such polymeric molecules include, but are not fimited to, polypeptides, polynucleotides, and

voos polysacchandes. Terminus modification .groups include but are not limited to, various water soluble polymers,
pept:des or proteins. By way of example only, terminus modification groups include polyethylcne glycol or serum

albumin. Terminus modification groups may be used to modify therapeutic characteristics of the polymeric
molecule, in'c!uding but not limited to increasing the serum half-life of peptides.

1052} The term “chemically cizavabie group,” also referred to as “chemically labile®, as used herein, refers to a
grotp which breaks or cleaves upon exposure to acid, base, oxidizing agents, reducing agents, chcmxcal lmtiators, or
radical initiators.

[653] The term “chemiluminescent group,” as used herein, refers to a group which emits light as a result of a
chemical reaction without the addition of heat. By way of example only, luminol (5-amino-2,3-dihydro-1,4-
phthalazinedione) reacts with oxjdants like hydrogen peroxide (H,0;) in the presence of & base and’a metal catalyst
to produce an excited state product (3-aminophthalate, 3-APA).

[054)  The term “chromophore,” as used herein, refers to a.molecule which absorbs light of visible wavelengths,
UV wavelengths or IR wavelengths.

[055] The term “cofactor,” as used herein, refers to an atom or mplecule essential for the action of a large
molecule. Cofactors include, but are not limited to, inorganic ions, coenzymes, proteins, or some other factor
necessary for the activity of enzymes, Examples include, heme in hemoglobin, magnesium in chlorophyll, and metal

>

ions for proteins. '

1056]  “Cofolding," as used herein, refers to refolding processes, reactions, or methods which employ at least two
molecules which interact with cach other and result in the transformation of unfolded or improperly folded
molecules to properly folded molecules. By way of example only, “cofolding,” employ at least two polypeptides
which interact with each other and result in the transformation of unfolded or improperly folded polypeptides to
natjve, properly folded polypeptides. Such polypeptides may contain natural amine acids and/or at least one non-

natural amino acid. . ,

13



10

15

20

25

30

35

[057) A “comparison window,” as used herein, refers a segment of any one of contiguous positions used to
con;pare a sequence fo a reference sequence of the same number of contiguous positions after the two sequences are
optimally aligned. Such contiguons positions include, but are not limited to a group consisting of from about 20 to
about 600 sequential units, inclnding atfout 50 to about 200 ;equential units, and about 100 to about 150 sequential
units. By way of example only, such sequences include polypeptides and polypeptides containing non-natural amino
acids, with the.sequential units including, but are not limited to natural ahd non-natural aming acids. In addition, by
way of example only, such sequences include polynucleatides with nucleotides being the corresponding sequential
units. Methods of alignment of sequences for comparison are well-known in the art. Optimal alignment of sequences
for comparison can be conducted, including but not Iimited to, by the local homology algorithm of Smith and
Waterman (1970) Adv. Appl. Math. 2:482c, by the homology alignment ajgorithm of Needieman and Wunsch (1970)
J. Mol. Biol. 48:443, by the search for similarity method of Pearson and Lipman (1988) Proc, Nat'l, Acad. Sci. US4
85:2444, by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or by manual
alighment and visual inspection (see, eg, Ausubel ef al, Current Protocols in Molecular Biology (1995
supplement)).

[05@] By way of example, an algoritbm which may be used to determine percent sequence identity ard sequence
similarity are the BLAST and BLAST 2.0 algorithms, which are described in Altschul ef 4/, (1997) Nuc. Acids Res.
25:3389-3402, and Altschul et al. (1990) J. Mol. Biol. 215:403-419, respectiv&ly. Software for pe}fonning BLAST
analyses is publgcly available through the National Center for Biotachnology Information. The BLAST algorithm
parameters W, T, and X determine the sensitivity and speed of the alignmeént. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an expectation (E) or 10, M=5, N=-4 and a comparison of both
strands. For amino acid sequences, the BLASTP program uses as defaults a wordlength of 3, and expectation (E) of
10, and the BLOSUMS62 scaring, matrix (see Henikoff and Henikoff (1992) Proc, Natl, Acad. Sci, USA §9:10915)
alignments (B) of 50, expectation (E) of 16, M=5, N=-4, and a comparison of both strands. The BLAST algorithm is
typically performed with the “low complexity” filter tumed off. ’ )
1059} The BLAST algorithm also performs a statistical analysis of the s1mllamy between two sequenccs (see,
e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sei. USA 90:5873-5787). One measure of similarity provided by
the BLAST algorithm is the smallest sum probability (PQN)), which provides an indication of the probability by
which a match between two nucleotide or amino acid sequences would occur by chance. For example, a nucleic acid

" is considered similar to a reference sequence if the smallest sum probability in a comparison of the test nucleic acid

to the reference nucleic acid is less than about 0.2, more or less than about 0.01, or less than about 0.001.

[060)  The term “conservatively modified variants” applies to both natural and ncm-natural amino acid and natural
and non-natural nucleic acid sequences, and combinations thereof. With respect to particylar nucleic acid sequences,
“conservatively modified variants” refers to those natral and non-natural nucleic acids which encode identical or
cssentially identical natural and non-natural amino acid sequences, or where the natural and non-natural nucleic acid
does not encode a2 natural and non-natural amino acid sequence, to essentially identical sequences. By way of
exariiple, because of the degeneracy of the genetic code, a large number of functionally identical nucleic acids
encode any given protein, For instance, the codons GCA, GCC, GCG and GCU all encade the amind acid alanine,
Thus, at every position where an alanine is specified by a codonm, the codon can be sltered o any of the
correspondmg codons deseribed without altering ‘the encoded polypeptxde. Such nucleic acid variations are “snlent
variations,” which are one species of conservatively modified variations. Thus by way of exampl& every ‘naturat or
non-natural nucleic acid sequence herein which encodes a natural or non-natural pojypeptide also describes every
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possible silent variation of the natural or'nonmat{:r_al n‘qcleic acid. One of o;-dinary skill in the. art will recognize that
each codon in a natural or non-natural nucleic acid (except AUG, which is ordinarily the only codon for methionine,
and TGG, which is ordinarily the only codon for tryptophan) can be modificd to yield a functionally identical
molecule. Accordingly, each silent variation of a natural and non-natural nucleic acid which encodes a natural and
non-natural polypeptide is implicit in each described sequence. ’

[061] As to amino acid sequences, individual substitutions, deletions or addin'ons to a nucleic acid, peptide,
polypeptide, or protein sequence which alters, adds or deletes a single natusal and non-natural amino acid or a small
percentage of natural and non-natural amino acids in the encoded sequence is a “conservatively modified variant”
where the alteration results in the deletion of an amino acid, addition of an amino acid, or substitution of a natural
and non-natural amino acid with a chemically similar amino acid. Conservative substitution tables providing
functionally similar natural amino acids are well known in the art. Such conservatively modified variants are in
addition to and do not exclude pol);morphic variants, interspecies homologs, and alleles of the methods and
compositions described herein.

{062) Conservative substitution tables providing functionally similar amino acids are known to those of
ordinary skill in the art. Theé following eight groups each contain amino acids that are conservative substitutions for

one another:
1) Alanine (A), Glycine (G);
2) Aspartic acid (D), Glutamic acid (E); .

3) Asparagine (N}, Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V);

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W);

7) Serine (S), Threonine (T}; and

&) Cysteine (C), Methionine (M)

(see, e.g., Creighton, Proteins:Structures and Molecular Properties (W H Freeman & Co.; 2nd edition (December
1993)

[063] The terms “cycloalkyl” and “hetergoycloalkyl". by themselves or ‘in combination with other terms,
represent, unless otherwise stated, cyclic versions of “alkyl” and “heteroalkyl”, respectively. Thus, a cycloalkyl or
heterocycloalkyl include saturated, partizlly unsaturated and fully unsaturated ring linkages. Additionally, for
heterocycloalkyl, a heteroatom can occupy the posltlon at which the heterocycle is attached to the remainder of the
molecule, The heteroatomn may mclude but is not limited 10, oxygen, nitrogen or sulfor. Examples of cycloalkyl
include, but are not imited to, cyclopeniyl, cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like.
Examples of heterocycloalkyl include, but are not limited to, 1—(1,2,5,6-tetrahydropyridyl), 1-piperidinyl, 2-
piperidinyl,  3-piperidinyl,  4-morpholiny),  3-morpholiny], tetrahydrofuran-2-yl, tewrahydrofuran-3-yl,
tetrahydrothien-2-yl, tetrahydrothien-3-yl, l-piperazinyl, 2-piperazinyl, and the like. Additionally, the term
encompasses mukicycli& structures, including but not limited to, bicyslic and tricyclic ring structures. Similarly, the
terin “heterocycloalkylene” by itself or as part of another molecule means a divalent radical derived from
heterocycloalkyl, and the term “cycloalkylene” by itself or as part of another molecule means a divalent radical
derived from cycloalkyl. i T .

{064] The term “cyclodextrin,” as used herein, refers to cyclic carbohydrates consisting of at least six to eight
glucose molecules in a ring formation, The outer'part of the ring contains water soluble groups; at the center of the

ring is a relatively nonpolar cavity able to accommodate small molecules.
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[965) The term “cytotoxic,” as used herein, refers to a compound which harms celis.

1066} “Denaturing agent” or “denaturant,” as used herein, refers to any compound or material which will cause
a reversible unfolding of 2 polymer. By way of example only, “denaturing agent” or “denaturants,” may cause a
reversible unfolding of a protein. The strength of a denaturing agent or denaturant will be determined both by the
properties and the concentration of the particular denaturing agent or denaturant. By way of example, denaturing
agents or denaturants include, but are not limited to, chaotropes, detergents, organic, water miscible -solvents,
phospholipids, or a combination thereof. Non-limiting examples of chaotropes include, but are not limited to, urea,
guapidine, and sodium thiocyanate. Non-limiting examples of detergents may include, but are not limited to, strong
detergents such as sodium dodecy! sulfate, or polyoxyethylene ethers {e.g. Tween or Triton detergents), Sarkosyl,
miid non-ionic detergents (e.g., digitonin), mild cationic detergents such as N-2,3-(Dioleyoxy)-propyl-N,N,N-
trimethylanmmonium, mild jonic’ detergents (e.g. sodium cholate or sodium deoxycholate) or zwitterionic detergents
including, but not limited to, sulfobetaines (Zwitergent), 3-(3-chlolamidopmpyl)dimethylgmmonio-l~pr6pane
sulfate (CHAPS), and 3-(3-chlolamidopropyl)dimethylammonio-2-hydroxy-1-propane sulfonate (CHAPSO). Non-
limiting examples of organic, ‘water miscible solvents include, but are not limited to, acetonitrile, Jower alkanols
(especially C, - C, alkanols such as ethanol or isopropanol), or lower alkandiols (Cz - C4 alkandiols such as
ethylene-glycol) may be used as denaturants. Non-limiting exampie§ of phospholipids inclnde, but are not limited to,
natirally occurring phospholipids such as phosphatidylethanclamine, phosphatidylcholine, phosphatidylserine, and
phosphatidylinositol or synthetic phospholipid derivatives or variants such as dihexanoylphosphatidylcholine or
diheptanoylphosphatidylcholine.

1067} The term “detecteble 1abel,” 25 used herein, Tefers io a label which mzy be cbservable using anafytical
techniques including, but not Iimited to, fluorescence, chemiluminescence, eleciron-spin resonance,
ultraviolet/visible absorbance speciroscopy, mass spectrometry, nuclear magnetic resonance, magnetic resonance,
and electrochemical methods. - . )

[068]  The term “dicarbonyl,” as used herein refers to a group containing at ledst two moieties selected from
the group consisting of -C(O)~, ~S(0)-, ~S{0);~, and —~C(S)-, including, but not limited to, 1,2~dicarbony! groups, a
1,3-dicarbony! groups, and 1,4-dicarbonyl groups, and groups containing a least one ketone group, and/or at least
one aldehyde groups, and/or at feast one ester group, and/or at least one carboxylic acid group, and/or at Jeast onc
thioester group. Such dicarbonyl groups include diketones, ketoaldehydes, ketoacids, ketoesters, and ketothioesters,
In adldition, such groups may be part of linear, branched, or cyclic molecules,

[069] - The term “drug,” as used heréin, refers to any substance used in the prevention, diegnosis, alleviation,
treatment, or cure of 2 disease or condition. o

[070} The term “‘dye,” as used herein, refers to a soluble, coloring substante which contains a chromophore.
1071] The term “effective amount,” as used herein, refers to a sufficient amount of an agent or a compound

being administered which will relieve to some extent one or more of the symptoms of the disease ar condition being
treated, The result can be reduction and/or alleviation of the signs, symptoms, or causes of a disease, or any other
desired alteration of a biological system. By way of example, an agent or a compound being administered includes,

. but, is not limited to, a natural amino acid polypeptide, non-natural amino acid palypeptide, modified ratural amino

acid polypeptide, or modified non-ainino acid .polypeptide. Compositions containing stch natural amino acid
polypeptides, non-natural aming acid polypeptides, modificd natural amino acid polypeptides, or modified non-
natural amino acid polypeptides can be administered for prophylactic, enhancing, and/or therapeutic treatments. An
appropriate “effective’ amount in any individual case may be determined using techniques, such as a dose escalation

study. . .
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{072 The term “clectron dense group,” as used hesein, sefers to @ group which scafters electrons when
irradiated with an -electron beam. Such groups inciude, but are not litnited to, ammonium molybdate, bismuth
subnjtrate cadmium iodide, 99%, carbohydrazide, ferric chloride hexahydrate, hexameth).rlene fetramine, 98.5%,
indium trichloride anhydrous, lanthanum nitrate, lead acetate trihydrate, lead citrate trihydrate, lead nitrate, periodizz
acid, phosphomolybdic acid, phosphotungstic acid, potassium ferricyanide, potassium ferrdcyanide, ruthenium red,

-silver nitrate, silver proteinate (Ag Assay: 8.0-8.5%) “Strong™, silver tetraphenylporphin (S-TPPS), sodium

ch[on':auratc, sodium tungstate, thallium nitrate, thiosemicarbazide (TSC), uranyl acetate, uranyl.nitrate, and vanady]

sulfate, : . .

10731 The term “energy transfer agent,” as used herein, refers to a molecule which can either donate or accz;pt

energy from another molecule, By way of example only, flucrescence resonance energy transfer (FRET) is a dipole-~
dipale mdpliné process by which the excited-state energy of a fluorescence donor melecule is non-radiatively

transferred to an unexcited acceptor molecule which then fiuorescently emits the donated energy at a longer

wavelength.

1074] The terms “enhance” or “enhancing” means to increase or prolong either in potency or duration 2

desired effect. By way of example, “enhahicing” the effect of therapeutic agents refers 1o the ability 1o increase or

prolong, either in potency or duration, the effect of therapeutic agents on during treatment of a disease, disorder or
condition. An “enhancing-cffective amount,” as used herein, refers to an amount adequate to enhance the effect of a

therapeutic agent in the treatment of a disease, disorder or condition. When used in a patient, amounts effective for
this use will depend on the severity and course of the disease, disorder or condition, previous therapy, the patient's
health status and response to the drugs, and the judgment of the treating physician.

|075] As used herein, the term “cukaryote” refers to organisms belonging to the phylogenetic domain Eucarya;

including but not limited to animals (including but not limited to, mammals, insects, reptiles, birds, etc.), ciliates,

plants (including but not limited to, monocots, dicots, and algae), fungi, yeasts, flagellates, microsporidia, and

protists,

(076} The term “fatty acid,” as used herein, refers to carboxylic acids with about Cg or longer hydrocarbon
side chain.

[877] The term “fluorophore,” as used herein, refers to a molecule which upon excitation emits photons and is
theréby fluorescent. '

1078) The tenms “functional group”, “active moiety”, “activating group”, “leaving group”, “reactive site”,

“chemically reactive group” and “chemically reactive moiety,” as used herein, refer to portions or units of a
malecule at which chemical reactions occur. The terms are somewhat synonymous in the chemical arts and are used
herein to indicate the portions 'of molecnles that perform some function or activity and are reactive with other

molecules.

1079] The term “halogen” includes fluorine, chlorine, iodine, and bromine.

1080) The term “haloacyl,” as used herein, refers to acyl groups which contain halogen moieties, including,
but not limited to, -C(O)CH;, ~-C(Q)CF;, -C{O)CH,OCH;, and the-like, T

[081) The term “haloalkyl,” as used herein, refers to alkyl groups which contain hzlogen moieties, including,
but not iimited to, ~CFy.and ~CH,CF; anc’l. the like.

(082} The term “heteroalkyl,” as. used herein, refers to straight or branched chain, or cyclic hydrocarbon

radicals, or combinations thereof, consisting of an alkyl group and at least one heteroatom selected from the group
consisting of O, N, Si and 8, and wherein the nitrogen and sulfur atoms may optionally be oxidized and the nitrogen
heteroatom may optionally be quaternized. The heteroatom(s) O, N and S and Si may be placed at any interior
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position of the heteroalkyl group or at the pos.ition at which the alkyl group is attached to the remainder of the
molecule, Examples include, but are not limited to, -CH,-CH,-0-CH, -CH,-CH,-NH-CH,, ~CHa-CH2-N{CH3)-CHa,
~CH-8-CH-CH;, -CHy-CH;,-S(0)-CH;, ‘CH}*CH}'S(O):‘C!“I;, -CH=CH-Q-CHj,, -Si{CH;),, ~CH,-CH=N-QOCH,,
and —CH=CH-N(CH,)-CHs. In addition, up to two heteroatoms may be consecutive, such as, by way of cxample, «
CH,-NH-OCH; and ~CH,-0-Si(CHz)s. .
1083} The term “heteroalkylene,” as used herein, refers to a divalent radical derived from heteroalkyl, as
exemplified, but not limited by, -CHzCHz-S-CHy-CHy- and —CHy-S-CH,-CH,-NH-CHz-. For heteroalkylene.
groups, the same or different heteroatoms can also occupy either or both of the chain termini (including but not
limited to, alkyleneoxy, alkylenedioxy, alkyleneamino, alicyienediamino, aminooxyalkylene, and the fike), Still
further, for alkylene and heteroalkylene linking groups, no orientation of the linking group is implied by the
direction in which the formula of the linking group is written, By way of example, the formula~C(O),R’- represents
both —=C(O),R*- and —-R’C(O)-. ) .
1084) The term “heteroaryl” or “heteroaromatic,” as used herein, refers 1o aryl groups which contain at least
one heteroatom selected from N, O, and 8; wherein the nitrogen and sulfur atoms may be optionslly oxidized, and
the. nitrogen atom(s) may be optionally quaternized. Heteroaryl groups may be substituted or unsubstituted. A
heteroaryl group may be attached to the remainder of the molecule through a heteroatom. Non-limiting examples of
heteroaryl groups include 1-pyrrolyl-2-pyrrolyl, 3-pymrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2~
oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-isoxazolyl, S-isoxazolyl, 2-thiazolyl, 4-
thinzolyl, S-thiazolyl, 2-furyl, 3-furyl, 2-thieny], 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidy],
5-benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, S-isoguinolyl, 2-quinoxalinyl, S-quinoxalinyl,
3-quinolyl, and 6-quinolyl. . . . . .
1085] The term “homoalkyl,” as used herein refers to alky) groups which are hydrocarbon groups.
{086) The term “identical,” as used herein, refers to two or more sequences or subsequences which are the
same, In addition, the term “substantially identical,” as used herein, refers to two or more sequences which have a
percentage of sequential units which are the same when compared and aligned for maximum correspondence over a
comparison window, or designated region as measured using a comparison algorithm or by manual alignment and
visugl inspection. By way of example only, two or more sequences may be “substantially identical” if the sequential
.units are about 60% i&enﬁcal, about 65% identicat, about 70% identical, about 75% identical, about 80% identical,
about 85% identical, about 90% identical, or about 95% identical over a specified region. Such percentages to
describe the “percent identity” of two or more sequences. The identity of a sequence can exist over a region that is at
- least about 75~100 sequential units in length, over a region that is about 50 sequential units in length, or, where not
specified, across the entire sequence. This definition also refers (o the complement of a test sequence. By way of
example only, two or more polypeptide sequences are jdentical when the amino acid residues are the same, while
two or more polypeptide sequences are “substantially identical” if the amino acid residues are about 60% identical,
about 65% identical, about 70% identical, about 75% identical, about 80% identical, about 85% identical, about 90%
identical, or about 95% identical over a specified region. The identity can exist over a region that is at least about
75-100 amino acids in length, over a region that is about 50 amino acids in length, or, where not specificd, across the
entire sequence of a polypeptide sequence. In addition, by way of example only, two or more polynucientide
sequences are identical when the nucleic acid residues are the same, while two or more palynucleotide sequences are
“substantially identical” if the nucleic acid residues are about 60% identical, about 65% identical, about 70%
- identical, about 75% identical, about 80% identical, about 85% identical, about 96% identical, or about 95%
identical over a specified region. The identity can exist over a region that is at Yeast about 75-100 nucleic acids in
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length, over a region that is about 50 nucleic acids in length, or, where not specified, across the entire sequence of a

polynucleotide sequence.

1087) . For sequence comparison, typically one sequence acts as a reference sequence, to which test sequences °

are compared, When using a sequence comparison algorithm, test and reference sequences are entered jnto a
comput:er, subsequence coordihates are designated, if necessary, and sequence algorithm program parameters are
designated. Defanlt program parameters can be used, or altemative parameters can be designated. The sequence
comparison algorithm then caleulates the pércent sequence identities for the test sequences relative to the reference
sequence, based on the pragram parameters. ’

[088] The term “inte.rcalating agent,” also referred to as “intercalating group,” as used herein, refers to a
chernical that can insert into the intramolecular space of a molecule or the intermolecular space between molecules,
By way of example only an intercalating agent or group may be a molecule which inserts into the stacked bases of
the DNA double helix.
[089] The term “isclated,” as used herein, refers to separating and removing a component of interest from
components not of interest. Isalated substances can be in either a dry or semi-dry state, or in solution, including but
not limited to an aqueous solution. The isofated component can be in a homogeneous state or the isolated component
canbea i:art of a pharmaceutical ¢omgosition that cor;xprises additional pharmaceutically acceptable carriers and/or

excipients. Purity and homogeneity may be determined using analytical chemistry techniques including, but not
limited to, polyacrylamide gel clectrophoresis or high performance liquid chromatography. In addition, when a
component of interest js isolated and s the predominant species present in a prepararion, the component is described
hierein as substantially purified. The term “purified,” as used herein, may refer to a component of interest which is at
least 85% pure, at least 90% pure, at feast 95% pure, at least 99% or greater pure. By way of example only, nucleic
acids or proteins are “isolated” when such nucleic acids or proteins are free of at Jezst some of the cellular
components with which it is associated in the natural state, or that the nucteic acid or protein has been concentrated
to a level greater than the concentration of its in yivo or in vitro production. Also, by way of example, a gene is
isolated when separated from open reading frames which flank the gene and encode a protein other than the gene of
interest.

1090} The term “label,” as used herein, refers to a substance which is incorporated into a2 compound and is
readjly detected, whereby its physical distribution may be detected and/or monitored. .
1091]) The term “linkage,” as used herein to refer to bonds or chemical mojety formed from 2 chemical
reaction between the functional group of a linker and another molecule, Such bonds may include, but are not Hmited

to, covalent linkages and non-covalent bonds, while such chemical moieties may include, but are not limited to, -

esters, carbonates; imines phosphate esters, hydrazones, acetals, orthoesters, peptide linkages, and oligenucleotide
linkages. Hydrolytically stable linkages means that the linkages are substantially stable in water and do not react
with watcr at useful pH values, including but not limited to, under physiological conditions for an extended period
of time, perhaps even indefinitely. Hydrolytically unstable or degradable linkages means that the linkages are
degradable in water or in agueous solutions, including for example, blood. Enzymatically unstable or degradable
¥inkages means that the linkage can be degraded by one or more enzymes. By way of example only, PEG and refated
polymerts may include degradable linkages- in the polymer backbone or in the linker group between the polymer
backbone and one or more of the terminal functional groups of the polymer molecule. Such degradable linkages
include, but are not limited to, ester linkages formed by the reaction of PEG carboxylic acids or activated PEG
carboxylic acids with alcohol groups on a biologically active agent, wherein such ester groups generally hydroiyze
under physiological conditions to release the biologically active agent. Other hydrolytically degradable linkages

19



10

15

~

include but are not Himited fo carbonate finkages; imine linkages resulted from reaction of an amine and an aldehyde;
phosphate ester linkages formed by reacting an alcohol with a phosphate group; hydrazone linkages which are
reaction product of a hydrazide and an aldehyde; acetal linkages that are the reaction product of an aldehyde and an
alcohol; orthoester linkages that are the reaction product of a formate and an alcohol; peptide linkages formed by an
amine group, including but not limifed to, at an end of a polymer such as PEG, and a carboxyl group of a peptide;
and‘ oligonucleotide linkages formed by a phosphoramidite groilp, including but not limited to, at the end of a
polymer, and a 5" hydroxy! group of an oligonucleotide,

1092 The terms “mediuvm” or “media,” as used herein, refer to any culture medium used to grow and hacvest
cells and/or products expressed and/or secreted by such cells. Such “medium” or “media” include, but are not
limited to, solution, solid, ssmi-selid, or rigid supports that may support or contain any host cell,- including, by way
of example, bacterial host cells, yeast host cells, insect host cells, plant host cells, eukaryotic host cells, mammalian
ost sells, CHO cells, prokaryotic host ce\]s,'E. cofi, or Psendomonas host cells, and cell contents. Such “medivm”
or “media” includes, but is not limited to, medium or media in which the host cell has-been grown into which a
polypeptide has been secreted, including medium either before or after a proliferation step. Such “medium™ or
“media” also includes, but is not limited to, bitffers or reagents that contain host cell lysates, by way of example a
polypeptide produced intraceliularly and the host cells are lysed or disrupted to release the polypeptide.

[093] The term “metabolite,” as used herein, refers to a derivative of a natufal amino acid polypeptide, a non-
natural amino acid polypeptide, a modified natural amiro acid polypeptide, or a2 modified non-natural amino acid
polypeptide that is formed when the hatural amino acid polypeptide, non-natural amina. acid polypepride, modified
natural amino acid polypeptide, or modified non-natural amino acid polypep;id;s is metabolized, The term “gctive
metabolite” refers to a biologically active derivative of a natural amino acid polypeptide, a non-natural amino acid
polypeptide, a modified natural amino acid polypeptide, or a médified non-natural amino acid polypeptide that is
formed when the natural amino acid polypeptide, non-natural amino acid polypeptide, modified natural amino acid
polypeptide, or modified non-natural amino acid polypeptide is metabolized.

{094y The term “metabolized,” as used herein, refers to the sum of the processes by which a particular
substance is changed by an organism. Such processes include, but are not limited to, hydrolysis reactions and
reactions catalyzed by enzymes. Further information on metabolism may be obtained from The Pharmacological

* Basis of Therapeuties, Sth Edition, McGraw-Hill (1996). By way of examp!e only, metabolites of natural amino acid

polypeptides, non-natural amine acid polypeptides, modified natural amino acid polypeptides, or modified non-
natural antino acid polypeptides may be identified either by administration of the natural amino acid polypeptides,
non-natural amino acid polypeptides, modified natural amino acid polypeptides, or modified non-natural amino acid
polypeptides to a host and analysis of tissue samples from the host, or by incubation_of natural amimo acid
polypeptides, non-natural amino acld polypeptides, modified natural amino acid polypeptides, or modified non-
natural amino acid polypeptides with hepatic cells in vitro and analysis of the resulting compounds. o
[095) The term “metal chelator,” as used herein, refers to a molecule which forms 2 metal complex with metal
ions. By way of example, such molecules may form two or more ¢oordination bonds with a central metal jon and
may form ring structures. )

[096] The term “metal-containing molety,” as used herefn, refers to a group which contains a meta! jon, atom
or particle. Such moieties include, but are not limited to, cisplatin, chelated metals fons (such as nickel, iron, and
platinum), and metal nanoparticles (such as nickel, iron, and platinum).
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[097F The term “moiety incorporating a heavy atom,” as used herein, refers to a group which incorporates an
ion of atom which is usually heavier than carbon. Such ions or atoms include, but are not limited to, silicon,

.

tungsten, gold, lead, and tranium.
[098] The term “modified,” as used herein refers to the presence of a change to a natural amino acid, a non-

, natural amino acid, a nawral amino acid polypeptide or 2 non-natural amino acid polypeptide. Such changes, or

modifications, may be obtained by post synthesis modifications of natural amino acids, ron-natural ar:}ino acids,
natural amino acid polypeinides or non-natural amino acid polypeptides, or by post-translational modification of
natural amino acids, non-natural amino acids, natural amino acid polypeptides or non-natural amino acid
polypeptides. The form *(modified)” means that the natural amino acid, non-natural amino acid, natural amino acid
polypeptide or non-natural amino acid polypeptide being discussed are optionally modified, that is, he natural amino
acid, non-natural amino acid, natural amino acid polypeptide or non-natural amino acid polypeptide under
discussion can be modified or unmodified.

[095] As used herein, the term “modulated serum half-life” refers to positive or negative changes in the
circulating half-life of a modified biologically active molecule relative to its non-modified form. By way of
example, the modified biologically active molecules include, but are not limited to, natural amino acid, non-patural
amino acid, nateral amino acid polypeptide or non-natural amino acid polypeptide. By way of example, serum half~
life is measured by taking blood samples at various time points after ddministration of the diclogically active *
molecule or modified biologically active molecule, and determining the concentration of that molecule in each
sample. Correlation of the serum coxgccntration with time allows calculation of the serum halfilife. By way of
exampje, modulated serum halftlife may be an increased in serum half-life, which may enable an improyved dosing
regimens or aveid toxic effects. Such increases in serum may be at least about two fold, at least about three-fold, at
least about five-fold, or at least about ten-~fold.

16100] ©  The term “modulated therapeutic haif-life,” as used herein, vefers to positive or negative change in the
half-life of the therapeutically effective amount of a modificd biologically active molecule, relative to its non-
modified form, By way of example, the modified biologically active molecules include, but are not Jimited to,
natural amino acid, non-natural amine acid, natural amino acid polypeptide or non-natural amina acid polypeptide, .
By way of example, therapeutic half-life is measured by measuring pharmacokinetic and/or pharmacodynamic
properties of the molectle at various time poinis after administration. Increased therapeutic half-life may enable a
particular beneficial dosing regimen, a particular beneficial {otal dose, or avoids an undésired eﬂ"ec;, By way of
example, the increased therapeutic half-life may result from increased potency, increased or decreased binding of the
modiﬁed molecule to its target, an increase or decrease In -another parameter or mechanism of action of the non-
mogdified molecule, or an increased or decreased breakdown of the molecules by enzymes such as, by way of
exaraple only, proteases.

{0101} The term “nanoparticle,” as used herein, refers to a particle which has a particle size between about 500
nm to about 1 nm. . ..

{0102} The term “near-stoichiomeiric,”® as used herein, refers to the ratio of the moles of compounds -
participating in a chemical reaction being about 0.75 to about’1.5 relative to the number of hydrogens on the
aromatic amine side chain of the non-natural amino acid polypeptide. By way of example, a primary aromatic amine *
has 2 hydrogens, whereas a secondary amine has one hydrogen. .

{0103} As used herein, the term “non-cukaryote” refers 1o non-eukaryotic organisms. By way of example, a
non-eukaryotic organism may belong to the Eubacteria, (which includes but is not limijted to, Escherichia coli,
Thermus thermophilus, or Bacillus stearothermophilus, Pseudomonas fluorescens, Pseudonionas aeruginesa,
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Pseudomonas putida), phylogenetic domain, or the Archaea, which includes, but is not limited to, Methanococcus
Jannaschit, Methanobacterium thermoautotrophicum, Arcfzaeoglabus Jfulgidus, Pyrococcus furiosus, Pyrococcus
“horikoshii, Aeuropyrum perrfix, or Halobacterium such as Haloferax volcanii and Halobacterium species NRC-1, or '
- phylogenetic domain. . L ’
[0104] A “non-natural amino acid” refers to an amino acid that is not one of the 20 common amino acids or *
pyrolysine ar selenacysteine. Other terms that may be used synonymously with the term “non-natural amino acid” is
“non-naturally encoded amino acid,” “unnatural amino acid,” “non-naturally-occurring amino acid,” and variously
hyphenated and non-hyphenated versions thereof. The term “non-na;mal amint; acid” includes, but is not limited to,
amiho acids which occur naturally by modification of a naturally encoded amino acid (including but not limited fo,
the 20 comimon amino acids or pyrrolysine and selenocysteine) but are not themselves incorporated fnto a growing
polypeptide chain by the translation complex. Examples of naturally-occurring amina acids that are not naturally- .
encoded include, but are not limited to, M-acetylglucosaminyl-L-serine, N-acetylglucosaminyl-L-threonine, and O-
pho'sphotymsine. Additionally, the term “non-natural amino acid” includes, but is- not limited to, emino acids which
do not cceur naturally and may be obtained synthetically or may be obtained by modification of non-natural amino
acids, : ’
[0105] The term “nucleic acid,” as used herein, refers to deoxyribonucleotides, deoxyribonucleosides,
ribonucleosides or ribonucleotides and polymers thereof in either single- or double.stranded form. By wdy of
example only, such nucleic acids and nucleic acid polymers include, but arc not limited to, () analogues of natural
nucleotigies which have similar binding properties as a reference nucleic acid and are metabolized in a manner
similar to naterally occwrring nucleotides; (if) oligonucleotide analogs including, but are not limited to, PNA
{peptidonucleic acid), analogs of DNA used in antisense technology (phosphorothicates, phosphoroamidates, and
the like); (iii) conservatively modified variants thereof (including but not limited to, degenerate codon substitutions)
and complementary sequences and sequence explicitly indicated. By way of example, degenerate codon-
substitutions may be achieved by generating sequences in which the third position of one or more selected (or all)
codons is substituted with mixed-base and/or deoxyinosine residues (Batzer ef al., Nucleic Acid Res. 19:5081
(1991); Ohtsuka er al., J, Biol. Chem. 260:2605-2608 (1585); and Rossolini et al., Mol. Cell. Probes 8:91-98
(1994)). '
[0106] The term “oxidizing agent,” as used herein, refers to a compound or material which is cap:.able of
removing an electron from a compound being oxidized. By way of example oxidizing agents include, but are not
fimited to, oxidized glutathione, cystine, cystamine, oxidized dithiothreito), oxidized erythreitol, and oxygen. A wide
variety of oxidizing agents are snitakile for use in the methods and compositions described herein.
[0137] The term “photoaffinity label,” as used herein, refers to a label with a group, which, upon exposure to
light, forms 2 linkage with a molecule for which the label has an affinity, By way of example only, such a linkage
may be covalent or non-covalent, *- .
10108] The term “photocaged mpoiety,” as used herein, refers to a group which, upon illumination at certain
wavelengths, covalently or non-covalently binds other fons or molecules.
[0109] The term “photocleavable group,” as nsed herein, refers to a group which breaks upon expasure to light.
je110] The 1erm “photocrosslinker,” as used herein, refers to 2 compound comprising two or more functional
groups which, upon exposure to light, are reactive and form a covalent or nan-covalent linkage with two or more
monomeric or polymeric.molecules.
[0111]) The term “photoisomerizable moiety,” as used herein, refers to a group wherein upon illumination with
) Iigi'ut changes from one isomeric form to another,
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[0112) - The term “polyalkylene glycol,” as used herein, refers to Jinear or branched ;:olymeric polyether polyols.
Such polyalkylene glycols, including, but are not limited to, polyethylene glycol, polypropylene glycol,
polybutylene glycol, and derivatives thereof. Other exemplary embodiments are listed,. for example, in commercial
supplier catalogs, such as Shearwater Corporation's catalag “Polyethylene Glycol and Derivatives for Biomedical
5  Applications” (2001). By way of example only, ‘'such polymeric polyether polyols have average molecular weights
between about 0.1 kDa to about 100 kDa. By way of example, such polymeric polyethér polyols include, but are not
fimited to,-between about 100 Da and about 100,060 Da or more. The molecular weight of the polymer may be
between about 100 Da and about 100,000 Da, including but not limited to, 100,000 Da, 95,000 Da, 90,000 Da,
85,000 Da, 80,000 Da, 75,000 Da, 70,000 Da, 65,000 Da, 66,000 Da, 55,000 Da, 50,000 Da, 45,000 Pa, 40,000 Da,
10 . 35,000 Da, 30,000 Da, 25,000 Da, 20,000 Da, 15,000 Da, 10,000 Da, 9,000 Da, 8,000 Da, 7,000 Da, 6,000 Da,
5,000 Da, 4,000 Da, 3,000 Da, 2,000 Da, 1,000 Da, 900 Da, 800 Da, 700 Da, 600 Da, 500 Da, 400 Da, 300 Da, 200
_Da, and 100 Da. In some embodiments, the molecular weight of the polymer is between about 100 Da and about
50,000 Da. In some embodiments, :the molecular weight of the polymer is between about 100 Da and about 40,000
Da. In some embodiments, the molecuiar weight of the polymer is between about 1,000 Da and about 40,000 Da. In
15 some embodiments, the molecular weight of the polymer is betwezn about 5,000 Da and about 40,000 Da. In some
embodiments, the molecular weight of the polymer is between about 10,000 Da and about 40,000 Da. In some
embodiments, the poly(ethylene glyecol) molecule is a branched polymer. The molecular weight of the branched
chain PEG may be between about 1,000 Da and about 100,000 Pa, including but not limited to, 100,000 Da, 95,000
Da, 90,000 Da, 85,000 Da, 8p,000 Da, 75,000 Da, 70,000 Da, 65,000 Da, 60,000 Da, 55,000 D3, 50,000 Da, 45,000
20  Da, 40,000 Dga, 35,000 Da, 1?03000 Da, 25,000 Da, éD,OOp Da, 15,000 Da, 10,000 Da, 9,000 Da, 8,000 Da, 7,000 Da,
6,000 Da, 5,000 Da, 4,000 Da, 3,000 Da, 2,000 Da, and 1,000 Da. In some embodiments, the molecular weight of
the branched chain PEG is between about 1,000 Da and about 50,000 Da. In some embodiments, the moJecular
weiéht of the branched chain PEG is between about 1,000 Da and about 40,000 Da. In some embodiments, the
molecular weight of the branched chain PEG is between about 5,000 Da and about 40,000 Da. In some
25 embodiments, the molecular weight of the branched chain PEG is between about 5,000 Da and about 20,000 Da.
{0113} " The term “polymer,” as used herein, refers to a molecule composed of repeated subunits. Such
molecules include, but are not limited to, polypeptides, polynucleatides, or polysaccharides or polyalkylene glycols.
{0114} " The-terms “polypeptide,” “peptide” and “protein” are used interchangeably herein to refer to a polymer
- of amino acid residues, That is, a description directed to a polypeptide applies egually to a description of a peptide
W0 and a description of a protein, and vice versa. The terms apply to naturally occurring amino acid polymers as well as
amino acid polymers in which one or more amino acid residues is a non-natural amino acid. Additionally, “such
. “polypeptides,” “peptides” and “proteins” include amino acid chains of any length, including full length proteins,
wherein the amino acid residues are.linked by covalent peptide bonds.
{0115},  The term “post-translationally modified” refers to any modification of a natural or non-natural amine
5 acid which oceurs sfier such an amino acid has been translationally incorporated into 2 polypeptide chain. Such
modifications .include, but are not limited to, co-translational in vive modifications, co-translational in vitre
. modifications (such as in a cell-free translation system), post-translational in vivo modifications, and post-
translational in vitro modifications.
[03116] . The term “prodrug,” as used herein, refers to an agent that is converted into the parent drug ji» vive or in
J  vitro. The benefits of such prodrugs include, but are not Iimited to, (i) ease of administration compared with the
parent drug; (if) the prodrug may be bioavailable by oral administration wheseas the parent is not; and (iii) the
prodrug may also have fmproved solubility in pharmaceutical compositions compared with the parent drug. A pro-
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drug includes a pharmacologically inactive, or rcduceﬂ-acﬁvity,'dérivativc of an active drug. Prodrugs may be

. designed to modulate the amount of a drug or biologically active molecule that reaches a desired site of action

throgh the manipulation of the properties of a 'drug, such as physiochemical, biopharmaceutical, or
pharmacokinetic properties. Prodrugs are converted into active drug within the body through enzymatic or non-
enzymatic reactions. Prodrugs may provide improved pfiysiochemical properties such as better solubility, enhanced
delivery characteristics, such as specifically targeting a particular cell, tissue, organ or ligand, and improved
therapeutic value of the drug.

[0117} The term “prophylactically cffective amount) as used herein, refess that amount of a composition
containing at least one non-natural amino acid polypeptide or at le.asf: one modified non-ratural amino acid
polypeptide prophylactically applied to a patient which will relieve to some extent one ar more of the symptoms of a
disease, condition or disorder being treated. In such prophylactic applications, such amounts may depend on the
patient's state of health, weight, and the like. It is considered well within the skill of the art for one to determine such
proehylactically effective amounts by routine experimentation, including, but not limited to, a -dose escalation
clinical trial,

[0118] The term “protected,” as used herein, refers to the presence of a “protecting. group” or moiety that
prevents reaction of the chemically reactive functional group under cerfain reaction conditions. The protecting group
will vary depending on the type of chemically reactive group being protected. By way of example only, () if the
chemically reactive group is an amine or a hydrazide, the protecting group may be selected from tert-
butyloxycarbonyl (t-Boc) and 9-fluorenylmethoxycarbonyl (Fmoc); (if) if the chemically reactive group is a thiol,
the proteciing group may be orthopyridyldisulfide; and (ii) if the chemically reactive group Is a carboxylic acid,
such as butanoic or propionic acid, or a hydroxyl group, the protecting group may be benzy! or an alkyl group such
as methyl, ethyl, or tert-butyl. ., .

[0119] - By way of example only, blocking/protecting groups may also be selected from:
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[0120) Additionally, protecting groups include, but are not limited to, including_photolabile groups such as
Nvoe and MeNvoc and other protecting groups known in the art, Other protecting groups are described in Greene
and Wuts, Protective Groups in Organic Synthesis, 3rd Ed., John Wiley & Sons, New York, NY, 1999, which is

_ incorporated herein by reference in its entirety,

[6121) The term “radioactive molety,” as used herein, refers to a group whose nuclei spontaneously give off
nuclear radiation, such as alpha, beta, or gamma particles; wherein, alpha pariicles are helium nucief, beta particles
are electrons, and gamma particles are high energy photons.
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[0122] The term “reactive compound,” as used herein, refers to a compound which under appropriate conditions
is'reactive toward another atom, molecule or compound.

{03123] The term “recombinant host cell” also referred to as “host cell,” refers to.a cefl which includes an
exogenous polynucleotide, wherein the methods used to insest the exogenous polynucleotide into a cell include, but
are not limited to, direct iiptake, transduction, f-mating, or other methods known in the art to create recombinant
host cells, By way of example only, such exogenous polynucleatide may be a noninte.grated vector, including but
not |imited to 2 plasmid, or may be integrated into the host genome,

[0124] ‘The term “redox-active agent,” as used herein, refers to a molecule which oxidizes or reduces another
molecule, whereby the redox active agent becomes reduced or oxidized, Examples of redox active agent include, but
are not limited to, ferracene, quinones, Rut™* complexes, Co*?* complexes, and Os**** complexes. .
(0125] The term “reducing agent,” ns used herein, refars o a compound or material which is capable of adding
an electron to a compound being reduced. By way of example reducing agents include, but are not limited to,
dithiothreitol (DTT), 2-mercaptoethanol, dithioerythritol, cysteine, cysteamine (2-aminoethanethiol), and reduced
glutathione. Such reducing agcn'ts may be used, by way of example only, to maintain sulfhydryl groups in the
reduced state and to reduce intra- or intermolecular.disulfide bonds,

[0x26] “Refolding,” as_used herein describes any process, reaction or method which transforms an improperly -
folded or unfolded state to a native or praperly folded conformation. By way of ekample only, refolding transforms
disulfide bond containing polypeptides from an improperly folded or unfolded state to a na,tivc or properly folded
conformation with respect to disulfide bonds. Such disulfide bond containing polypeptides may be natural amino
acid polypeptides or non-natural amine acid polypeptides.

[6127] The term “resin,” as used herein, refers to high molecular weight, insoluble polymer beads. By way of
example only, such beads may be used as supporis for solid phase peptide synthesis, or sites for attachment of
molecules prior 1o purification. )

{0128] The term “saccharide,” as used herein, refers to a series of carbohydrates including but not limited to
sugars, monosaccharides, oligosaccharides, and polysaccharides. . .. ..
[0129] The phrase “selectively hybridizes to” or “specifically hybridizes to,” as used herein, refers to the
binding, duplexing, or hybridizing of a molecule to a particular nucleotide sequence under stringent hybridization
conditions when that sequence is present in a complex mixture including but not fimited to, total cellular or library
DNA or RNA. ' ) ' :

{0130] The term “spin label,” as used hercin, refers to molecules ‘which contain an atom or a group of atoms
exhibiting an unpaired electron spin (i.c. 2 stable paramagnetic group) that can be defected by electron spin
resonance spectroscopy and can be attached to another molecule, Such spin-label molecules include, but are not
lmited to, nitry! radicals and nitroxides, and may be single spin-labels or double spin-labels.

(0131} The term “stoichiometric,” as used herein, refers to the ratio of the moles of compounds participating in
a chemical reaction being about 0.9 to about 1.1 relative to the number of hydrogen's on the aromatic amine side
chain of the non-natural amino acid polypeptide. By way of example, a pritnary aromatic amine has 2 hydrogen’s,

. whereas a secondary amine has one hydrogen.

[0132] The term “stoichiomefric-like,” as used herein, refers to a chemical reaction which becomes
stoichiometric or near-stoichiometric upon changes in reaction conditions or in the presence of additives, Such
changes in reaction conditions include, but are not limited to, an increase in temperature or change in pH. Such

additives include, but are not limited to, accelerants.
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[0233] The, phrase “stringent hybridization conditions” refers to hybridization of sequences of DNA, RNA,
PNA or other nucleic,acid mimics, or combinations thereof, under conditions of low jonic strength and high
temperature. By way of example, under stringent conditions a probe will hybr!dize to ifs target subsequence in a
complex mixture of nucteic acid (including but not limited to, total celinlar or library DNA or RNA) but does not
hybridize to other sequences in the complex mixture. Stringent conditions are sequence-dependent and will be
different in different circumstances, By way of examplé, longer sequences hybridize specifically at higher
temperatures. Stringent hybridization conditions include, but are not limited to, (i) about 5-10° C lower than the
thermal melting point (T),) for the specific sequence at 2 defined onic strength and pH; (if) the salt concentration is
about 0,01 M to about 1.0 M at about pH 7.0 to about pH 8.3 and the temperature is at least about 30°C for short
probes (including but not limited to, 10 to 50 nucleotides) and at least about 60° C for long probes (including but not
limited to, greater than 50 nucleotides); (iii} the addition of de;tabilizing agents ‘including, but not limited to,
formamide, (iv) 50% formamide, 5X SSC, and 1% SDS, incubating at 42°C, or 57'( SSC, 1% SDS, incubating at
65°C, with wash in 0.2X SSC, and 0.1% SDS at 65°C for between about 5 minutes to about 120 minutes. By way of
example only; detection of selective or specific hybridization, includes, but is not limited to, a positive signal 4t least

two times background, An extensive guide to the hybridization of nucleic acids is found in Tijssen, Laboratory |

Technigues in Biochemisiry and Molecular Biology~-Hybridization with Nucleic Probes, “Overview of principles of
hybridization and the strategy of nucleic acid assays™ (1993). .

10134) The tenn “subject” as used herein, refers to an animal which is the object of treatment, observation or
experiment. By way of example only, a subject may be, but is not limited to, 2 mammal including, but not Jimited to,
a human. :

[0135]) The term “substantially purified,” as used herein, refers to a component of interest that may be
substantially o;' essentially free of other components which normally accompany or interact with the component of
interest prior to purification. By way of example only, a component of interest may be “substantially purified” when

the preparation of the component of jnterest contains less than about 30%, less than about 25%, less than about 20%, )
less than about 15%, less than abount 10%, less than about 5%, less than about 4%, less than about 3%, less than

about 2%, or less than about 1% (by dry weight) of contaminating components, Thus, a “;ubstantially purified”

component of interest may have a purity level of about 70%, about 75%, about 80%, about 85%, about 90%, about

95%, about 96%, sbout 97%, about 98%, about 99% or greater. By way of example only, a natural amino acid

polypeptide or a non-natural amina zcid polypeptide may be purified from a native cell, ‘or host cell in the case of
recombinantly preduced natural amino acid polypeptides or non-natural amino acid poiypeptides. By way of
example a preparation of a natural amino acid polypeptide or a non-natural amino acid polypeptide may be

“substantially purified” when the preparation contains less than about 30%, less than abont 25%, less than about

20%, less than about 15%, less than about 10%, less than about 5%, less than about 4%, less than about 3%, less

than about 2%, or less.than about % (by dry weight) of contaminating material. By way of example when a natural

amjno acid polypeptide or a non-natural amino acid polypeptide is recombinantly produced by host cells, the natural

amine acid poalypeptide or nen-natural amino acid polypeptide may be present at about 30%, about 25%, about 20%,

about 15%, about 10%, about 5%, about 4%6, abaut 3%, about 2%, or about 1% or less of the dry weight of the cells.

By way of example when a natural amino acid polypeptide or 2 non-natural amino acid polypeptide is recombinantly

produced by host cells, the natural amino acid polypeptide or-non-natural amino acid polypeptide may be present in

the culture medium at about Sg/L, about 4g/L, about 3g/L, about 2g/L,, about 1g/L, about 750m.g/L, about 5060mg/L,

abour 250mg/L, about 100mg/L, about 50mg/L, about 10mg/L, or about Img/L or less of the dry weight of the cells.

By way of example, “substantially purified” natural amino acid polypeptides or non-natural amino acid polypeptides
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may have a purity level of about 30%, about 35%, ahout 40%, about 45%, about 50%, about 55%, about 60%, about
§5%, about 70%, about 75%, about 80%, about 85%, about '90%, about 95%, about 99% or greater as determined by
appropriate methods, including, but 'not limited .to, SDS/PAGE analysis, RP-HPLC, SEC, and capiflary
electrophoresis.

10136) The term “substituents” also referred 1o as “non-interfering substituents” “refers to groups which may be
used to replace another group on a molecule. Such groups include, but are not limited to, halo, C)-Cyp alkyl, Co-Cyo
alkenyl, Cy-Cyo alkynyl, C)-Cyo alkoxy, Cs-C;; aralkyl, Cs-C» cyeloalkyl, Ci-Cra cycloall.cenyl, phenyl, substituted
phenyl, toluoyl, xylenyl, biphenyl, C:-C;; alkoxyalkyl, Cs-C,, alkoxyaryl, Cs-Ciz éryloxyalkyl, Cr-Cy2 oxyaryl, Ci-
Cg alkylsulfinyl, Cy-Cyp alkylsulfonyl, -(CH2)~O-(C-Cyp alkyl) wherein m i from 1 to 8, aryl, substituted aryl,
substituted alkoxy, fluoroalkyl, heterocyclic radical, substituted heterocyclic radical, nitroalkyl, -NO,, -CN, -
NRC(0)-(Cy-Cyp alkyl), -C(O)-(Cy-Cio aikyl), C2-Cyp alkthioalkyl, ~C(0)0-(C,-Cy, alkyl), -OH, -S0O,, =8, -COOH, -
NRg, carbonyl, -C(0)-{Ci~Co alkyl)-CF;, ~C{O)-CF, -C(O)NR2, ~(C|-Cio aryl)}-5-(Cs-Cyo aryl), ~C{D)-(C6-Cyp
aryl), "(CHz)m‘O‘(CHz)m'o‘(Cl"CIQ alkyl) wherein each m is from 1 fo 8, ~-C(O)NR,, -C{S)NRy, -SOzNRgz, -
NRC(O)NRa, "NRC(S)NR,, salts thereof; and the like. Each R group in the ];receding list includes, but is not limited
to, H, alkyl or substituted alkyl, aryl or substituted aryl, or alkaryl. Where substituent groups are specified by their
conventional chemical formulas, written from 18R to right, they cqual@ encompass the chemically identical
substituents that would result from writing the structure from right to left, for example, -CH,0- is equivalent to -
OCHz-~.

{0137] © By way of example only, substituents for alky! and heteroalky) radicals (including those groups referred .
to as alkylene, alkenyl, heteroalkylene, heteroatkenyl, afkynyl,’ cycloalkyl, heterocycloalkyl, cyclaalkenyl, and
heterocycloalkeny!) includes, but is not limited to: -OR, =0, =NR, =N-OR, -NR;, -8R, -halogen, -SiR;, -OC{O)R, ~
C(O)R, -CO3R, -CONRy, -OC(OINR;, -NRC(O)R, -NR-C{O)NR,, -NR(O);R, -NR-C(NR2)=NR, -S(O)R, -S(O):R, ~
S{O)NR,, -NRSO;R, -CN and —NO,. Each R group in the preceding 1ist includes, but is not limited to, hydrogen,
substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, including but not lmjted .to, aryl
substituted with 1-3 halogens, substituted. or unsubstituted alky), alkoxy or thioalkoxy groups, or aralkyl groups.
When two R groups are attached to the same nitrogen atom, they can be combined with the nitrogen atom to form a
§-, 6-, ar 7-membered ring. For example, -NR, is meant to include, but not be limited to, 1-pyrrolidinyl and 4-
morpholinyi. T -

j0133] By way of example, substituents for aryl and heteroaryl groups include, but are not limited to, -OR, =0,
=NR, =N-OR, -NR;, -SR, -halogen, -SiRs, -OC(O)R, -C{O)R, -CO:R, -CONR,, -OC(OYNR;, -NRC(O)R,
-NR-C(O)NR;, -NR(O);R, -NR-C(NR)=NR, -S(O)R, ~S(O):R, -S(O):NR;, -NRSOR, -CN, ~NO, R, -N;, -
CH(Ph), fluoro(C;-Ca)alkoxy, and fluoro(Cy-Cs)alkyl, in a number ranging from zero to the total number of open
valéences on the aromatic ring system; and where each R group in the preceding list includes, but is not limited to,
hydrogen, alkyl, heteroalkyl, aryl and heterearyl, )

10139] The term “therapeutically effective amount,” as used herein, refers to the amount of a composition
containing at- least one non-natural amino acid polypeptide and/or at least one modified non-natural amino acid
polypeptide administered to a patient already suffcri:}g from a diseaée, condition or disorder, sufficient to cure or at
least partially arrest, or relieve to some extent one or more of the symptoms of the disease, disosder or condition
being treated. The effectiveness of such compositions’ depend conditions including, but not limited to, the severity
and course of the disease, disorder .or condition, previous therapy, the patient's health status and response to the
dmgs., and the judgment of the treating physician. By way of example only, therapeutically effeciive amounts may
be determined by routine experimeniation, including but not limited to a dose escalation clinical trial.
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[0149) The term “thioatkoxy,” as used herein, vefers to sulfur containing alkyl groups ﬁr;ked 1o molecules via
an oxygen atom. ' B

16141) The term “thermal melting point™ or Ty, is the temperature (under defined fonic su'eﬁgth, pH, and nucleic
concentration) at which 50% of probes complementa;y to a target hybridize to the target sequence at equilibrium.
[0142) The term “1oxic moiety,” as used herein, refers to 2 compound which can cause harm or death.

10143} The terms “treat,” “treating” or “ireatment”, es used herein, include alleviating, abating or ameliorating a
disease or condition symptoms, preventing additional symptoms, amelior;ting or preventing the underlying
metabolic causes of symptoms, inhibiting the disea.se or condition, &.g., arresting the development of the disease or .
condition, relieving the diseass or condition, cansing regrcs;ion of the disease or condition, relieving a condition
caused by the disease or condition, or stopping the symptoms "of the disease or condition. The terms “treat,™
“treating” or “treatment”, include, but are not limited to, prophylactic and/or therapeutic treatments,

10344} As used herein, the term “water sofuble polymer” refers to any polyme;‘ that is soluble in aqueous
solvents. Such water soluble polymers include, but are not limited to, polyethylene glycol, polyethylene glycol
propionaldehyde, mono C;-Cyq alkoxy or aryloxy derlvatives thereof (described in 1.S. Patent No. 5,252,714 which
is incorporated by reference herein), monomethoxy-polyethylene glycol, polyviny! pyrrolidone, polyvinyl alcohol,
polyamino acids, divinylether maleic anhydride, N-(2-Hydroxypropyl)-methacrylamide, dextran, dextran derivatives
including dextran sulfate, polypropylene glycol, polypropylene oxide/ethylene oxide copolymer, polyoxyethylated
polyol, heparin, heparin fragments, polysaccharides, oligosaccharides, glycans, cellulose and cellulose derivatives,

. including ‘but not limited to methylcellulose and carboxymethyl cellulose, serum albumin, starch and starch

derivatives, polypeptides, polyalkylenc glycol and derivatives thereof, copolymers of polyalkylene glycols and
derivatives thereof, polyvinyl ethyl ethers, and aipha—bem-poIy[(z-h):droxyethyl)»DL-aspartamide, and the like, or
mixtures thereof. By way of example, linkage of such water soluble polymers to a natural amino acid polypeptide or
a non-natural polypeptide can result in changes including, but not limited to, increased or modulated serum halfilife,
increased or modulated therapeutic half-life relative to the unmodified form, modulated immunogenicity, modulated
physical association characteristics including, but not limited to, aggregation and multimer formation, altered
veceptor binding, altered binding to one or more binding parﬁaers, and altered seceptor dimerization or
multimerization. In addition, such water soluble polymers may or may not have their own biological activity.

[0145] ~ Unless otherwise indicated, conventional methods of mass spectroscopy, NMR, HPLC, protein
chemistry, biochemistry, recombinant DNA techniques and pharmacology, within the skill of the art are employed.
[0146) Compounds, (including, but not limited to non-natural amino acids, non-natural amino acid polypeptides
and modified non-natural amino acid polypeptides, and reagents for producing the aforementioned compounds)
presented herein include isotopically-labeled compounds, which are identical to those recited in the various formulas
and structures presented herein, but for the fact that one or more atoms are replaced by an atorn having an atomic
mass or mass number different from the atomic mass or mass number usually found in nature. Examples of isatopes
that can be incorporated into the present compounds include isotopes of hydrogen, carbon, nitrogen, oxygen,
fluorine and éhlorine, such as *H, R, ¢, ¥C, BN, %0, 170, ¥*s, 1°F, YCl, respectively. Certain isotopically-labeled
compounds described herein, for example those into which radicactive isotopes such as *H and 'C are incorporated,
are useful in drug and/or substrate tissue distribution assays. Further, substitution. with isotopes such as deuterium,
i.e., “H, can afford certain therapeutic advantages resulting from greater metabolic stability, for example increased in
vivo half-life or reduced dosage requirements, ’ ) .

[0147] Some of the compounds herein (including, but not limited 1o non-natural amino acids, non-natural.amino
acid polypeptides and medified non-natural aminoacid polypeptides, and reagents for producing the aforementioned
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compounds) have asymmetric carbon atoms and can therefore exist as enantiomers or diastereomers. Diasteromeric
mixtures can be separated into their individual diastereomers on the basis of their physical chemical diffesences by
methods known, for example, by chromatography and/or fractional crystallization: Enantiomers can be separated by
converting the enantiomeric mixture into a diastereomeric mixture by reaction with an appropriate optically active
compound (e.g., alcohol), separating the diastercomers and converting (eig., hydrolyzing) the individual
diastereomers to the comresponding pure enantiomers. All such isomers, including diastereomers, enantiomers, and
mixtures thereof are considered as part of the compositians described herein.
[0148] In additional or further embodiments, the compounds described herein (including, but not limited to
‘ non-natural amino acids, non-natural amine acid pelypeptides and modified non-natural amino acid polypeptides,
and reagents for producing the aforementioned compounds) are used in the form of pro-drugs. In additional or
further embodiments, the compounds described herein ((including, but not limited to non-natural amino acids, non-~
natural amino acid polypeptides and modified non-ttatural amino acid polypeptides, and reagenté for producing the
aforementioned compounds) are metabolized upon administration to an organism in need to produce a metabolite
that-is then used to produce a desired effect, including a desired therapeutic effect. In further or additional
embodiments are active metabolites of non-natural aniino acids and modified or unmodified non-natural amino acid
polypeptides. ) )
[0149)  The methods and formulations described herein include the use of N-oxides, crystalline forms (also
known as polymorphs), or pharmaceutically acceptable salis of non-natural amino acids, non-natural amino acid
polypeptides and modified non-naturat afmino acid polypeptides. In certain embodiments, non-natural amina acids,
non-natural amino acid polypeptides and modified non-natural amino acid polypeptides may exist as tautomers, All
tautomers are included within the scope of the non-natural amino acids, non-natural amino acid polypeptides and
modified non-natural amino acid polypeptides presented herein. In addition, the non-natural amino acids, non-
natural amino acid polypeptides and modified non-nateral amino acid polypeptides described herein can exist in
unsolvated i;.:veiigggdiQétcd forms with pham;aceutically acceptable solvents such as water, ethanol, and the like.
The solvated forms of the non-natural amino acids, non-natural amina acid polypeptides and modified non-natural
amino acid polypeptides presented heréin are also considered to be disclosed herein,
[6150] Some of the compounds herein (including, but not limited to non-natural amino acids, non-natural amino
acid polypeptides and modified non-natural amino acid polypeptides and reagents for producing the aforementioned
compounds) may exist in several toutomeric forms. AWl such tautorneric forms are considered as part of the
compositions describied herein. Also, for example all enol-keto forms of any compounds (including, but not limited
to non-natural amino acids, non-natural amino acid polypeptides and modified 'non-natural amine acid polypeptides

* and reagents for producing the aforementioned compounds) herein are considersd as part of the compositions

described herein.

|6151] Some of the compounds herein (including, but not Iimited to non-natural amino acids, non-natural amino

acid polypeptides and modified non-natural amine acid polypeptides and reagents for producing either of the

aforementioned compounds) arc acidic and may form a salt with a pharmaceutically acceptable cation. Some of the

compounds herein (including, but not limited to non-natural amino acids, non“natural amino acid polypeptides and -
modified non-natural amino acid polypeptides and reagents for producing the aforementioned compounds) can be

basic and accordingly, may form a salt with a pharmaceutically acceptable anion. All such salts, including div-saits

are Within the scope of the compositions described herein and they can be prepared by conventional methods. For

example, salts can be prepared by comtacting the acidic and basic entities, in-ejither an a2gqueous, non-agueous or

partially aqueous medium. The salts are recovered by using at least one of the following techniques: filtration,
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precipitation with a non-solvent followed by filiration, evaporation of the solvent, or, in the case of aqueous
solutions, lyophilization. . . :

[0352] Salts, for example, include: {1) acid addition salts, formed with inorganic acids such as hydrochloric
acid, hydrobrosmic acid, sulfiric acid, nitric acid, phosphoric acid, and the like; or formed with organic acids such as
acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid,
malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 3-{4-
hydroxybenzoyl)benzoic acid, cinmamic acid, mandelic acid, -methanesulfonic acid, ethanesulfonic acid, 1,2-
cthanedisulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid, 2-naphthalenesulfonic acid, 4-
methylbicyclo-f2.2.2]oct-2-ene-1-carboxylic acid, glucoheptonic acid, 4,4’-methylenebis-(3-hydroxy-2-ene-1 -
carboxylic acid), 3-phenylpropionic acid, trimethylacatic acid, tertiary butylacetic acid, Jauryl sulfuric acid, gluconic
acid, glutamic actd, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the like; (2) salts formed
when'an acidic proton present in the parent compound either is replaced by a metal ion, e.g., an alkali metal ion, an '
alkaline earth ion, or an aluminum ion; or coordinates with an organic base. Accepteble organic bases inclede
ethaholamine, diethanolamine, tricthanolamine, tromethamine, N-methylgiucamine, and the like. Acceptable
inorganic bases include aluminum hydroxide, caloium hydroxide, potassium hydroxide, sodium carbonate, sodium
hydroxide, and the like.

{01533 1t should be understood that a reference to a salt includes the solvent addition forms or erystal forms -
thereof, particularly solvates or polymorphs. Solvates contain either stoichiometric or nen-stoichiometric amounts of
a solvent, and are often formed during the process of crystallization. Hydrates are formed when the solvent is water,
or alcoholates are formed when the solvent is alcohol. Polymorphs.include the different crystal packing
arrangements of the same clemental composition of a compound. Polymorphs usually have different X-ray
diffraction patterns, infrared spectrs, melting points, density, hardness, ¢rystal shape, optical and .el,ccl:ricat
properties, stability, and solubility. Various factors such as the recrystallization solvent, rate of erystallization, and
storage temperature may cause a single crystal form to dominate.

BRIEF DESCRIPTION OF THE FIGURES
[0154] A better understanding of the features and advantages of the present methods and compositions may be
obtained by reference to the following detailed description that sets forth illustrative embodiments, in which the
principles of our metheds, compositions, devices and apparatuses are utilized, and the accompanying drawings of
which:
[0155] FIG. 1 illustrates a non-limiting aspect of methods for selecting and designing 2 polypeptlde 1o be modified
using the methods, compositions and techniques described herein, - .
[0156] FIG. 2 presents illustrative, non-limiting examples of the types of non-natural amino acids described herein.
Such non-natural amino acids may be used in or incorporated into any of the methods, compositions, techniques and
strategies for inzking, purifying, characterizing, and using mor-natural amino acids, non-natural amino acid
polypeptides and modified non-natural amino acid polypeptides described herein.
10157] FIG. 3 presents illustrative, non-limiting examples of the types of non-natural amine acids deseribed herein.
Such non-natural amino acids may be used in or incorporated into any of the methods, compositions; techniques and
strafegies for making, purifying, characterizing, and using non-natural amino acids; non-natural amino acid
polypeptides and modified non-natural amino acid polypeptides described herein. For FIG. 3 only, X representsa
halogen.
10158} FIG.4 presents illustrative, non-limiting examples of the t'ylies of non-natural amino avids described herein.
Such rion-natural amino acids may be used in or inborporated into any of the methods, compositions, techniques and
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strategies for making, purifying, characterizing, and using non-natural amino acids, non-natural amino acid
polypeptides and modified non-natural amino acid polypeptides described herein.
{01591 FIG.S prescx;.ts illustrative, non-limiting examples of the types of non-natural amino acids described herein,

* Such non-natural amino acids may be used in or incorporated into any of the methods, compositions, techniques and

~

strategies for making, purifying, characterizing, and using non-natural amino acids, non-natural amino acid
polypeptides and modified non-natural amino acid polypeptides described herein.

[0160] FIG. 6 presents itlustrative, non-limiting examples of the types of non-natural amino acids described herein,
Such non~natm:al amino acids may be used in or incorporated into any of the methodé, composiﬁons; technigues and
strategies for making, purifying, characterizing, and using non-natural amino acids, mon-natural amino abid
polypeptides and modified non-natural amino acid polypeptides described herein. For FIG. 6 ‘}nly’ X represents a

halogen. -
10161} FIG. 7 presents illustrative, non-limiting examples of the types of non-natural amino acids described herein.

-Such non-natural amino acids may be used in or incorporated into any of the methods, compositions, techniques and

strategies for making, purifying, characterizing, and using non-natural amino acids, non-natural amino acid

-polypeptides and modified non-natural amino acid polypeptides described herein,

[0162] FIG. 8 presents illustrative, non-limiting examples of the types of non-natural amino acids described herein.
Such non-natural amino acids may be used in or incorporated into nny of the methods, compasitions, techniques and
strategies for making, purifying, characterizing, and using non-natural amine acids, non-natural amino acid
polypeptides and modificd non-natural amine acid polypeptides described herein, .

[0163) FIG. 9 presents illustrative, non-limiting examples of the types of non-natural amino acids described herein,
Such-non-natusal amino acids may be used in or incorporated into any of the methods, compaositions, techniques and
strategies for making, purifying, cheracterizing, and using non-natural amino acids, non-natural amino acid
polypeptides and modified non-natural amino acid polypeptides described herein. For FIG. 9 only, X represents a
halogen. '

10164] FIG. 10 presents illustrative, non-limiting examples of the types of non-npatural amino acids described
herein. Sech non-patural amino acids may be used in or incorporated into any of the methods, compositions,
techniques and strategies for making, purifying, characterizing, and using non-natural amino acids, non-natural
amino acid polypeptides and modified non-natural amino acid polypeptides described herein.

[0165] TFIG. 11 presents an illustrative, non-limiting example of the synthetic methodology used to make the non-
naturat amino acids described hercin. Such non-natural amine acids may be used in or incorporated into any of the
methods, compositions, technigues and strategies for making, purifying, chavacterizing, and using non-natural amino
acids, non-natural amino acid polypeptides and modified non-natural amino acid polypeptides described herein.
[0166] FIG. 12 presents an itlustrative, non-limiting example of the synthetic methodology used to make the non-
natural amino acids described herein. Such non-natural amino acids may be used in or incarporated into any of the
methods, compositions, techniques and strategies for making, purifying, characterizing, and using non-natural aming
acids, non-natural amine acid polypeptides and modified non-natural amino acid polypeptides described herein.
[6367} FIG. 13 presents an illustrative, non-limiting example of the synthetic methodology used to make the non-
natural amino acids described herein. Such non-natural amino acids may be used in or incorporated into any of the
methods, compositions, techniques and strategies for making, purifying, characterizing, and using non-natural amino
acids, non-natural amino acid pofypeptides and modified non-natural amino acid polypeptides described herein.
10168] FiG. 14 presents illg.:strati&e, nan-limiting examples of non-natural amino acids described hersin which
contain masked and/or protected amine moieties wfﬁch can be converted to unmasked and/or deprotected amine
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moieties. Such non-natural amino acids may be used in or incorporated into any of the methods, compositions,
techniques and strategies for making, porifying, characterizing, and using non-natural amino acids, non-natural
amino acid polypeptides and modified non-natural amino acid polypeptides described herein.

[0169]1 FIG. 15 presents illustrative, non-limiting examples of non-natural amino acids doscribed herein which
contain masked and/or protected amine side chains for reductive amination with an aldehyde-containing reagent.
Such non-patura) amino acids may be used in or incorporated into any of the methods, compositions, techniques and

‘strategles for making, purifying, characterizing, and using pon-natural amino acids, non-natural amino acid -

polypeptides and modified non-natural amino acid polypeptides desc::ibeii herein.

[0170] FIG. 16 presents illustrative, non-limiting examples of the formation of polypeptides with aromatic amine-
containing non-natural amino acids by veductive alkylations with aldehyde-containing reagents,

10171] FIG. 17 presents illustrative, non-limiting examples of aromatic protected aldehyde containing non natural
amino acids described herein. Such non-natural amino acids may be used in or incorporated into any of the methods,
compositions, techniques and strategies for making, purifying, characterizing, and vsing non-natural amino acids,
non-natural aming acid polypeptides and modified non-natural amino acid polypeptides described herein, i
{0172] FIG, 18 presents illustrative, non-limiting examples of the formation of polypeptides with aldehyde-
containing non-natural amino acids by post-translational deprotecting/unmasking of a protected/masked precursor +
followed by reductive aminations with aromatic amine-containing reagents, * '

(@173} FIG. 19 presents {ilustrative, non-limiting examples of the site selective reductive alkylation and reductive. . - -

arnination of non-patural amino acid polypeptides.

[0174]- FIG 20 presents illusirative, non-limiting examples of the reductive alkylations of reduced urotension-IT
(UT-11-8H) with propionaldehyde (I) and benzaldehyde (I7) and the correSpondil{g HPLC chromatograms.

{0175] FIG 21 presents illustrative, non-limiting examples of reductive alkylations of urotension-I1 (UT-II} with
propionaldehyde (1) and benzaldehyde ([I) and the corresponding HPLC chromatograms.

[0176] FIG. 22 presents illustrative, non-limiting examples of reductive alkylations of peptide XT-8 with
propionaidehyde (I} and benzaldehyde (Xf), isobutaldehyde (III) and pivalaidehyde (V) and the corresponding
HPLC chromatograms.

10177]- FIG. 23 presents illustrative, non-limiting examples of reductive alkylations of peptide SXT-9 with
propionaldehyde (1), benzaldehyde (II), isobutaldehyde (111} and ‘pivalaldehyde (IV) and. the corresponding HPLC
chromatograms. : ' ’

[0178] FIG. 24 presents illustrative, non-limiting exampies of reductive alkylations of peptide HXT-9 with
propionaldehyde (1), benzaldehyde (II); isobutaldehyde (1) and pivalaldehyde (IV) and the corresponding HPLC
chromatograms. R '

[0179] FIG, 25 presents illustrative, non-limiting examples of reductive atkylations of peptide WXT-9 with
propionaldehyde (1), benzaldehyde (I) and isobutaldehyde (IIf) and the corresponding HPLC chromatograms.
{0180] FIG. 26 presents jllustvative, non-limiting examples of rednctive alkylations of peptide NXT-9 with
propionzldehyde (I} and benzaldehyde (11) and the corresponding HPLC chromatograms.

10181] FIG27 presents illustrative, non-limiting cxamples of reductive alkylations of peptide RXT-10 with
propionaldehyde (I) and benzaldehyde (II) and the corresponding HPLC chromatograms. .

10182] FIG. 28 presents illustrative, non-limiting examples of reductive alkylations of peptide AXT-11 with
propionaldehyde (I) and benzaldehyde (II) and the corresponding HPLC chromatograis, .
10183] FIG. 29 presents illustrative, non-limiting examples of reductive alkylations of peptide AXT-11 with
different aldehydes (I-1IT) and the corresponding HPLC chromatograms.
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(0184] FIG. 30. presents illustrative, non-limiting examples of reductive alkylations of peptide AXT-11 with
different alfiehydes (IV-'\./II) and the corresponding HPLC chromatogra‘ms.

[0185] FIG. 31 presents ilustrative, non-limiting examples of competitive reactions of peptide AXT-11 with an
'ald ehyde and'a 1,3-diketone (I-II1} and the comresponding HPLC chromatograms.

[0186] FIG. 32 presents illustrative, non-limiting examples of competitive reactions of peptide NXT-9 with an
aldehyde and a 1,2-diketone (I-III) and the corresponding HPLC chromatograms. ’

[0187] FIG. 33 presents illustrative, nen-limiting exarples of competitive reactions of peptide MXT-9 with
different aldehydes and ketones (~V) and the corresponding RPLC chromatograms,

10188] FIG. 34 presents illustrative, non-limiting examples of reduction of peptide MXT-8N3 to MXT-9NH2 (I),
followed by reductive alkylations with propxonaldehyde (1)) and benzaldehyde (III) and the corresponding HPLC
chromatograms.,

[0189] FIG 35 presents iflustrative, non-limiting’examples and comparison PEGylation of peptides by N-terminal
PEGyilation and PEGylation of aromatic amine-containing non-natural amino acids described herein.

[0180] FIG. 36 presents illustrative, non-hmmng examplas of PEG 2aldehyde reagents used to PEGylate aromatic
amine-containing non-natural amino acids incorporated into peptides. .

{0191] FIG. 37 presents illusirative, non-limiting examples of PEGylation of MT-9 by N-terminal reductive
alkylation. . ) o )

[0192) FIG. 38 presents illustrative, non-limiting examples of PEGylation of MXT-9 by reductive alkylation of
aromatic amine-containing non-natural amino acjd incorporated into MXT-9.

[0193] FIG. 39 presents illustrative, n_on-limiting examples of PEGylation of hGH and IFNa by reductive
alkylation of aromatic amine-containing non-natural amino acid incorporated into hGH and FNc.

|0194]  FIG. 40 presents illustrative, non-limiting image of an electrophoresis gel of various hGH PEGylations.

DETAILED DESCRIPTION OF THE INVENTION

A ’ Imroa'uctlon )

[0195] Recently, an entirely new technology -in the iarotein. sciences has been reported, which promises to
overcome many of the limitations associated with site-specific modifications of proteins. Specifically, new
components have been added to the protein biosynthetic machinery of the prokasyote Escherichia cofi (E. coliy{e.g.,
L. Wang, et al,, (2001), Science 252; 498-500) and the eukaryote Sacchromyces cerevisiae (5. cerevisiae) (e.g., J.
Chin et al., Science 301:564-7 (2003)), which has enabled the incorporation of non-natural amino acids to proteins
in vivo. A number of new amino acids with novel chemical, pl3ysical or b%ologicul properties, including photoaffinity
Jabels and photoisomerizable amino acids, photocrosslinking amino acids (See, e.g,, Chin, J. W., et al. (2002) Proc.
Natl. Acad. Sci. U. S. A. 99:11020-11024; and, Chin, J. W., etal., (2002) J. Am. Chem. Sor. 124:9026-9027), heavy
atom. confaining amino acids, keto amino acids, and glycasylated amino acids have been incorporated efficiently and
with high ﬁdélity into proteins in £, coli and ip yeast in response to theé amber codon, TAG, using this methodology.
See, e.g., J. W. Chin et al., {2002), Jounal of the American Chemical Saciety 124:9026-9027 (incorporated by
reference in its entnrety), LW Chm, & P. G. Schultz, (2002), ChemBioChem 3(11):1135-1137 (incorporated by
reference in its entirety); J, W. Chln, ¢t al,, (2002), PNAS United States of America 99:11020-11024 (incorporated
by reference in its ennrety), and, L. Wang, & P. G. Schultz, (2002), Chem. Comm., 1:1-11 (incorporated by
reference in its entirety). ‘I’hese studies have demonstrated that it is pnsslble 1o selectively and routinely introduce
chemical functional groups that are not found m proteins, that are chemically inert to all of the functional groups
found in the 20 common, genencaﬁy-encoded ammo acids and that may be used to react cﬁ‘cxent'ly and selecnve]y

" to form stable covalent linkages.
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I Overview .

0196} FIG.'1 presents an overview of the compositions, methods and techniques that are described herein. At
one Jevel, described herein are the tools {(methods, compositions, techniques) for creating and using a polypeptide
comprising at least one non-natural amino acid or modified non-natural amino acid with an aromatic amjne or a
heteroaromatic amine, The heteroaromatic group includes, but i; not limited to, furans, pyrroles, thiophenes,
pyridines, guinolines, isoguinolines, imidazole, thi;:aoies, pyrimidines, pyridazines, pyrazines, benzothiazoles,
thiazolopyridines, oxazoles, benzoxazoles, o:;azolopyridines, thiazolopyrimidines, oxazolo;)yriﬁ'lidines,
benzoxazines, and benzothiazines. Such non=natural amino acids may contain further functionality, including but not
limited to, a label; a dye; a polymer; a water-soluble polymer; a derivative of polysthylene glycol; a
photocrosslinker; a cytotoxic compound; & drug; an affinity label; a photoaffinity label; a reactive compound; a
resin; a second protein or palypeptide or Polypeptide analog; an antibody or ant.ibody fragment; a metal chelator; 2
cofactor; a fatty acid; a carbohydrate; a polynucleotide; 2 DNA; a RNA; an antisense polynucleotide; a saccharide, 2
watcr-soluble dcndrnmer, a cyclodextrm, a baomatenal a nanoparticle; a spin label; a fluorophore, 2 metal~
contammg moiety; 2 radicactive moiety; a nove! functional group; a group that covalently or noncovalently interacts
with other molecules; a photocaged moiety; an actinic radiation excitable moicty; a ligand; a photoisomerizable
moiety; biotin; a biotin analogue; a moiety incorporating 2 heavy atom; a chemically clsavable group; a
photocleavable group; an elongated side chain; a carbon-linked sugar; a redox-active agent; an amino thicacid; a
toxic moiety; an isotopically labeled moiety; a biophysical probe; a phosphorescent group; 2 chemituminescent
group; an electron dense group; a magnetic group; an intercalating group; a chromophore; an energy transfer agent;
a biclogically active aéent; a detectable label; 2 small molecule; an inhibitory ribonucleic acid; a radionucleotide; a
neutron-capture agent; a derivative of biotin; quantum dot(s); a nanotransmitier; a radiotransmitier; an abzyme, an
activated complex actjvator, a virus, an .adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an
antioxidant, an aptamer, a guide RNA, a2 saponin, 2 shuttle vector, a macromolecule, a mimotope, 2 receptor, 2
reverse micelie, and any combination thereof, .

10197} As shown in FIG. 1, in one aspect are methods for selecting and designing a polypeptide to be modificd
using the methods, compositions and techniques described herein, The new polypeptide méy be designed de novo,
including by way of example only, as part of high-throughput screening process (in which case numerous
polypeptides may be designed, synthesized, characterized and/or tested) or based on ‘the interésts of the researcher.
The new polypeptide may also be designed based on the structure of a known or partially characierized polypeptide.,
By way of example only, the Growth Hormone Gesie Superfamily (see infra) has been the subject of intense study
by the scientific community; a new polypeptide may be designed based on the structure of a member or members of
this gene superfa'mily' The principles for selecting which amino acid(s) to substitute and/or modify are described
separately-herein, The choice of which modification to employ is also described herein, and can be used to meet the
need of the experimenter or end user. Such needs may include, but are not limited to, manipulating the therapeutic
effectiveness of the polypeptide, improving the safety profile of the polypeptide, adjusting the pharmacokinetics,
pharmacologics and/or pharmacodynamics of the polypeptide, such as, by way of example only, increasing water
solubility, bioavailability, increasing serum half-life, increasing therapeutic half-life, modulating immunogenicity,
modulating biological getivity, or exiending the circutlation time. In addition, such modifications include, by way of
example only, providing additional functionality to the polypeptide, incorporating a tag, label or detectable signal
into the polypeptide, easing the isolation properties of the polypeptide, and any combination of the aforementioned
modifications. )
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[0198] Also described herein are non-natural amino acids that have or ¢an be modiﬁéd 1o contain an aromatic
*amine or a heteroaromatic amine, The heteroaromatic group includes, but is not limited to, furans, pymoles,
thiophenes, pyridines, quinolines; isoguinolines, imidazole, thiazoles, pyrimidines, pyridazines, pyrazines,
benzathiazoles,  thiazolopyridines,  oxazoles, benzoxazoles, oOxazolopyridines, thiazolopyrimidines,
oxazolopyrimidines, benzoxazines, and benzothfazines. Included with this aspect are methods for producing,
purifying, characterizing and using such non-naturat amine acids. In another aspect described herein are methods,

' strategies and techniques for incorporating at least one such non-natural amino acids into a polypeptide. Also

included with this aspect are methods for producing, purifying, charatterizing and using such polypeptides
containing at least one such non-natural amino acids. Also included with this aspect are compositions of ‘and
methods for producing, purifying, characterizing and using oligonucleotides (including DNA and RNA) that can be
used to produce, at least in part, a polypeptide containing at least one non-natural amino acid. Alsa included with
this aspect are compositions of and methods-for producing, pxirifying, characterizing and using cells that can express
such oligonut_:leotides that can be used to produce, at least in part, a polypeptide containing at least one non-natural
amino acid.

[06199] Thus, polypeptides comprising at least one non-natural amino acid or modified non-natural amino acid
with an aromatic amine or a heteroaromatic amine are provided and described herein. The heteroaromatic group
includes, but is not limited to, furans, pyrroles, thiophenes, pyridines, quinolines, isoquinolines, imidazole, thiazoles,
pyrimidines, pyridazines, pyrazines, benzothiazoles, thiazolopyridines, oxazoles, benzoxazoles, oxazolopyridines,
thiazalopyrimidines, oxazolopyrimidines, benzoxazines, and benzothiazines, In certain embodiments, polypeptides
with at least one non-natural amino acid or modified non-natural amino acid. with an aromatic amine or a .
heteroaromatic amine include at Jeast one post-translational modification at some position on the polypeptide. In

. such embodiments, the heterocycle modified non-natural amino acids may include, but are not limited to, furans,

pyrroles, thiophenes, pyridines, quinolines, isoguinolines, imidazole, thiazolés, pyrimidines, pyridazines, pyrazines,
benzothiazoles, °thiazolopyridines,” oxazoles, benzoxazoles,  oxazolopyridines, thiazolopyrimidines,
oxazolopyrimidines, benzoxazines, and benzothiazines. In some embodiments the post-translational modification
occurs via the cellular machinery (e.5., glycosylation, acetylation, acylation, lipid-modification, palmitoylation,
palmitate ;:ddition, phosphorylation, glycolipid-linkage modification, and the like), in many instances, such celfular-
machinery-based po'st-tran.sla:ional modifications occur at the naturally occurring amino acid sites on the
polypeptide, however, in certain embodiments, the cellular-machinery-based post-translational modifications occur
on the non-natural amino acid site(s) on the polypeptide.

]0200] In other embodiments the post-transiational modification does not utilize cellular machinery, but the
finctionality is instead pr'ovidcd by attachment of 2 molecule (including but not limited to, a label; a dye; a polymer;
a water-soluble polymer; a derivative of polyethylene glycol; a photocrosstinker; a cytotoxic compound; a drug; an
affinity label; a photoaffinity label; a reactive compound; a vesin a second protein or polypeptide or polypeptide
analog; an antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a
polynucleotide; a DNA; a. RNA; an antisense polynuclectide; 2 saccharide, a water-soluble dendrimer, a
cyclodextrin, a biomaterial; a nanoparticle; a spin label; a fluorophore, a metal-containing mofety; a radioactive
moiety; a novel functional group; a group that covalently or noncovalently jnteracts with other molecules; a
photocaged moiety;. an actinic radiation excitable moiety; a ligand; a photoisomerizable mojety; biotin; a biotin
analogue; a moiety incorporating a heavy atom; a chemically cleavable group; a photocleavable group; an elongated
side chain; a carbon-linked sugar; a redox-active agent; an amino thioacid; a toxic moiety; an isotopically labeled
moiety; a biophysical probe; a phosphorescent group; a chemiluminescent group; an electron dense group; a
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magnetic group; an intercalating group; a chtomophore; an energy transfer agent; a biologically active agent; a
detectable label; a small molecule; an lnhzb:tory ribonucleic acni' a radionucleotide; a neutron.-capture agent; a
derivative of biating quantum dot(s); a nanotransmntter, a radiotransmitter; an abzyme, an activated complex
activator, a virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, 2
guide RNA, a saponin, a shuttle vector, a macromolecule, a mimotope, a Teceplor, a reverse micelle, and any
combination thereof) comprising a second reactive group to the at Jeast one non-natural amino acid comprising a
first reactive group (includipg but not limited to, non-natural amino acid containing an aromatic amine or a )
heteroaromatic amine functional group) utilizing reductive alkylation methodology. In certain embodiments, such
second reactive groups may be carboayl containing groups, including, but not limited to, aldehydes and ketones. In
certdin crbodiments, the post-translational moedification is made in vivo in a eukaryotic cell or in a non-eukaryetic
cell. In certain embodiments, the post-translational medification is made i vitro. Also included with this aspect are
methods for producing, purifying, characterizing and using such polypeptides cdntaining-at least one such post-
translationally modified non-natural amino acids. .

.[02111] Also included within the scope of the methods, compositions, strategies and techniques described herein
are reagents capable of reacting with a non-natural amine acid {containing either an aromatic amine group, a
hete;'oaromatic amine group, or protected forms thereof) that is part of a polypeptide so'as to produce any of the
aforementioned post-translational modifications. In general, the resulting post-translationally modified non-natural
amino acid will c.ontain at least one reductively aminated aldchyde or ketone, which may undergo further
modification reactions. Also included with this aspect are methods Tor producing, purifying, characterizing and
using such reagents that are capable of any such post-translational modifications of such non-natural amino acid(s).
[0202] In certain embodiments, the protein includes at least one post-translational modification that is made in
vivo by one host cell, where the post-translational modification is not normally made by another host cell type. In
certain embodiments, the protein includes at least one post-translational modification that is made i vivo isy a
eukaryotic cell, where the post—translatit;nal maodification is not normally made by a non-eukaryotic cell. Examples
of such post-translational modifications include, but are not limited to, glycosylation, acetylation, acylation, lipid-
modification, palmitoylation, paimitate addition, phosphorylation, glycolipid-linkage modification, end the like. In
one ¢mbodiment, the post-transational modification comprises attachment of an oligosaccharide to an asparagine by
a GleNAc-asparagine linkage (including but not limited to, where the oligosaccharide comprises (GIcNAc-Man),-
Man-GlcNAc-GlcNAc, and the like). In another embodiment, the post-translational modification comprises
attachment of an oligosaccharide (including but not limited to, Gal-GalNAc, Gal-GlcNAc, ete.) to a serine or
threonine by a GalNAc-serine, & GalNAc-threonine, a GlcNAc-serine, or a GlcNAc-threonine linkage. Examples of
secretion signal sequences Include, but are not limited to, a prokaryotic secretion signal sequence, a2 eukaryotic
secretion signal sequence, a cukaryotic secrefion signal,sequence 5”-optimized for bacterial expression, a novel
secretion signal sequence, pectate Iyase secretion signal sequence, Omp A secretion signal sequence, and a phage
secretion signal sequence. Examples of secretion signal sequences, include, but are not limited to, STII
{prokaryotic), Fd GIII and M13 (phage), Bgi2 (yeast), and the signal sequence bla derived from a transposon. «In
certain embodiments, a protein or polypeptide can comprise & secretion or locnfization sequence, an epitops tag, a
FLAG tag, a polyhistidine tag, a GST fusion, and/or the like. Also included with this aspect are methods for
producing, purifying, characterizing and using such polypeptides containing at least one such post-transiational
modification. In other embodiments, the glycosylated non-natural amine acid polypeptide is produced in a non-
glycosylated form. Such a non-glycosylated form of a glycosylated non-patural amine acid may be produced by
methods that include chemical or enzymatic - removal of oligosaccharide groups from an isolated or substantially
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purified or unputified glycosylated non-natural amine acid polypeptide; production of the non-natural amino acid in
a host that does not glycosylate such 2 non-natural aminoe acid polypeptide (such a host inciuding, prokaryotes or
eukaryotes ‘éngiriecred or mutated to not glycosylate such a polypeptide), the introduction of a glycosylation
inhibitor into the cell culture medium in which such a non-natural amino acid polypeptide is being produced by a
eukaryote that fiormally would glycosylate such a polypeptide, or a combination -of any such methods. Also
described herein are such non-glycosylated forms of normaliy-glycosylated non-natural amino acid polypeptides (by
normally-glycosylated is meant 2 polypeptide that would be glycdsylated when produced under conditions in which
naturally-ocourring polypeptidcs' are glycosylated), Of course, such non-glycosylated forms of normatly-
glycosylated non-natural amino acid polypeptides may be in an unpurified form, a substantially purified form, or in
an isolated form.

10203). In certain embodiments, the protein includes at izast one post-traﬁsfaﬁonal modification that is made in
vitro, Wherein the post-translational modifieation is stoichiometric, stoichiometric-like, or-near-stoichiometric.
Examples of such post-translational modifications include, but are not limited to, reductive alicylations of aromatic
amine groups or heteroaromatic amine groups with carbonyl containing reagents vsing & reducing agent. In certain
embodiments, such post-translational modifications include, but are not limited to, reductive alkylations of aromatic
amine groups or heteroaromatic amine graups with aldehyde containing reagents using 4 reducing agent. In certain
embodiments, such post-translational modifications inciude, but are not limited to, reductive alkylations of aromatic
amine groups or heteroaromatic amine groups with aldehyde containing reagents using sodium cyanoborohydride
reducing agent. ' .

{0204) The non-natural amino acid containing polypeptide can contain at least one, at least two, at least three, at
least four, at least five, at least six, at least seven, at least eight, at least nine, or ten or more non-natural amino acids
containing an aromatic amine, heteroaromatic amine, or protected forms thereof. The non-natural amino acids can
be thie same or different, for example, there can be 1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, (8, 19,20, or
more different sites in the protein that comprise 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or
more different non-natural amino acids. In certain embodiments, at least one, but fewer than all, of a particular
amino acid present in 2 naturally occurring version of the protein is substituted with a non-natural amino acid. The
non-natural amino acid polypeptide may also contain one or more non-natural amino acids that are not non-riatural
amirio acids containing an aromatic amine, heteroaromatic amine, or protected forms thereof. ’ h
{6205]) The methods and compositions provided and described herein include polypeptides comprising at least
one non-natural amino acid containing an aromatic amine, heteroaromatic amine, or protected forms thereof,
Introduction of at least ane such noa-natural amino acid into a polypeptide can allow for the applicatif)n of
conjugation chemistries that involve specific chemical reactions, including, but not limited to, with one or more non-

»natural amino acids while not reacting with the commonly occurring 20 amino acids, Such specific chemical

reactions involving such incorporated the amino acid side chains includes, but is not limited to, reductive alkylation
chemistry methodologies suitable for the particular functional groups or substituents present, Once inco:-pcrafed, the
amino acid side chains can then be modified by utilizing chemistry methodologies known to those of ordinary skitl
in the art to be suitable for the particular functional groups or substituents present in the naturally encoded amino
acid,

[0206] . The non-natural amino acid methods and compasitions described herein provides comjugates of
substances having a wide varlety of functional groups, substituents or moieties, with other substances including but
not limited to a label; a dye; a polymer; a water-soluble polymer; a derivative of polyethylene glycol; a
photocrosslinker; a cytotoxic compound; a drug; an affinity label; a photoaffinity label; a reactive compound; 2
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resing a second protein or polypeptide or polypeptide analog; an antibody or antibody fragment; a metal chelator; a
cofactor; a faity acid; a carbohydrate;'a polynucleotide; a DNA; a2 RNA; an antisense polynuclectide; a saccharide, a
water-soluble dendrimer, a cyclodextrin, a biomaterial; a nanopasticle; a spin label; a fluorophore, a metal- -
containing moiety; a radicactive moiety; 2 novel functional group; a group that covalently or noncovalently interacts

. with other molecules; a photocaged moiety; an actinic radiation excitable moiety; a ligand; a photoisomerizable

moiety; biotin; a biotin analogue; a mojety incorporating a heavy astom; a chemically cleavable group; a
photocleavable group; an clongated side chain; a carbon-linked sugar; a redox-active agent; an amino thioacid; a
toxic moiety; an isotopically Jabeled moiety; a bio‘physical probe; a phasphorescent group; a chemiluminescent
group; an electron dense group; 2 magnetic group; an intercalating group; a chromophore; an energy transier agent;
a bivlogically active agent; a detectable Jabel; a small molecule; an inhibitory vibonucleic acid; a radionucieotide; a
neutron-capture agent; & derivative of biotin; quantum dot(s); a nanotransmitier; a radiotransmitter; an abzyme, an
activated complex activator, a virus, an adjuvant, an aglycan, an allergan, an angiostatin, an aatihormone, an
antioxidant, an aptamer, a guide RNA, a saponin, a shuttle vector, a macromolecule, a mimotope, a receptor, a
reverse micelle, and any combination thereof,

|92[§7] In another aspect of the compositions, methods, techniques and strategies described herein are methods
for studying or using any of the aforementioned modified or unmodified non-natural amino acid polypeptides.
Included within this aspect, by way of example only, are therapeutic, diagnostic, assay-based, industrial, cosmetic,
plant biclogy, environmential, energy-production, and/or military uses which would benefit from a polypeptide
comprising a modified or umnodified non-natural amino acid polypeptide or protein, K

P18 " Location of nuon-netural amine acids in polypeptides '

[0208] The methods and compositions described herein include incorporation of one or more non-natural amino
acids into a polypeptide. One or more non-natural amino acids may be incorporated at one or more particular
position which does not disrupt activity of the polypeptide. This can be achieved by making “conservative”
substitutions, including but not limited to, substituting hydrophobic amino acids with non-natural or natural
hydrophobic amino acids, bulky amino acids for non-natural or natural bulky amino acids, hydrophilic amine acids
for non-natural or natural hydrophilic amino acids and/or inserting the non-natural amino acid in 2 location that is
not required for activity.

{0209] A variety of biochemical and structural approaches can be employed to select the desired sites for
substitation with a non-natural amino acid within the polypeptide. Any position of the polypeptide chain,is suitable
for selection to incorporate a non-natural amino acid, and selection may be based on rational design or by'random
selection for any or no particular desired purpose. Selection of desired sites,may be for producing 2 non-natural
amino acid polypeptide (which may be further modified or remain unmodified) having any desired property or
activity, including but not limited to agonists, super-agonists, inverse ‘agonists, amtagonists, receptor binding
modulators, zeceptor activity modulators, modulators of binding to binder parfners, binding parmer activity
modulators, binding partner conformation modulators, dimer or multimer formation, no change to activity or
property compared to .the native moiecule,or manipulating any physical or chemical property of the polypeptide
such as solubility, aggregation, or stability. For example, locations in the polypeptide required for biological activity
of a polypeptide can be identified using point mutation analysis, alanine seanning-or homolog scanning methods
known in the art. Residues other than those jdentified as critical 1o biological activity by alanine or homolog
scanning mutagenesis may be good can.didates for substitution with a non-natural amino acid depending on'the
desired activity sought for the polypeptide. Alternatively, the sites identified as critical to biological activity may
also be good candidates for substitution with a non-natural amine acid, again depending on the desired activity

38



10

15

20

sought for the polypeptide, Another alternative would be to simply make serial substitutions in each position on the
polypeptide chain with a non-natural amino acid and observe the effect on the activities of the polypeptide. Any
means, technique, or method ‘for selecting a position for substitution with a non-natural amino acid into any
polypeptide is suitable for use in the methods, techniques and compositions describied herein. ’
[0210] The structure and activity of naturally-occurring mutants of a polypeptide that contain deletions can also
be éxamined to determine regions of the protein that are likely to be tolerant of substitution with a non-natural amino
acid. Once residues that are likely to be intolerant to substitution with nan-natural amino acids have been eliminated,
the impact of proposed substitutions at each of the remaining positions can be examined from the three-dimensional
structure of the relevant polypeptide, and any associated ligands or binding proteins. X-ray crystallographic and
NMR structures of many polypeptides are available in the Protein Data Bank (PDB, www.rcsb.org), a centralized
database containing three-dimensional structural data of’large molecules of proteins and nusleic acids. In.addition,-
models may be' made investigating the secondary and tertiary structure of polypeptides, if thres-dimensional
structural data is not available. Thus, the identity of amino acid positions that can be substituted with non-natural
amino acids can be readily obtained.

0211} Exemplary sites of incorporation of a non-natural amino acid include, but are not limited to, those that
are excluded from potential receptor binding régions or regions for binding to bindiné proteins or ligands, may be
fufly or partially solvent exposed, have minimal or no hydrogen-bonding interactions with nearby residues, may be
minimally exposed to nearby reactive residues, and may be in regions that arc highly flexible as ;;redicted by the
three-dimensional crystal structure of a particular polypeptide with its associated receptor, ligand or binding

proteins. . ..

{0212) A wide .variety of nonwnamrai ami.no acids can be substituted t‘or‘, or incorporated into, a given position
in a polypeptide. In general, a particular non-natural amino. acid is selected for incorporation based on an
examination of the three dimensional crystal structure of a polypeptide with its assaciated Iigand, receptor and/or
binding proteins, a preference for conservative substitutions (i.e., aryl-based non-natural amino acids, such as p-
acetylphenylalanine or O-propargyltyrosine substitutfng for Phe, Tyr or Trp), and the specific conjugation chemistry
that one desires to intraduce into the polypeptide protein, .

[0213) In one embodiment, the method further includes incorporating into the protein the non-natural amino
acid, where the non-natural amino acid comprises a first reactive group; and contacting the protein with a molecule
(including but not limited to a Jabel; a dys; a polymer; a water-soluble polymer; a derivative of polyethylene glycol;
a photocrasslinker; a cytotoxic compound; 2 drug; an affinity labely a photoaffinity label; a reactive compound; a
resin; a second protein or polypeptide or polypeptide analog; an antibody or antibody fragment; a metal chelator; a

* cofactar; a fatty acid; a carbohydrate; a polynucleotide; a DNA; 2 RNA; an antisense polynucleotide; a saccharide, a

water-soluble dendrimer, a cyclodextrin, a biomaterial; a nanoparticle; a spin label; a fluorophore, 2 metal-
containing moiety; a radioactive moiety; a novel functional group; a group that covalently or nancovalently interacts
with other molecules; a photocaged mojety; an actinic radiation excitable moiety; a ligand; a photoisomerizable
moiety; biotin; a biotin analogue; a moiety incorporating a heavy atom; a chemically cleavable group; a
photocleavable group; an elongated side chain; a carbon-linked sugar; a redox-active agent; an amino thioacid; a
toxic moiety; an isotopically labecled moiety; a biophysical probe; a phosphorescent group; a chemiluminescent
group; axn eleciron dense group; a magnetic group; an intercalating group; a chromophore; an energy transfer agent;
a biologically active agent; a detectable label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a
neutron-capture agent; a derivative of: biotin; gquantum dot(s); a nanotransmitier; a radiotransmitter; an abzyme, an
attivated complex activator, a virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an
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antioxidant, an aptamer, a guide RNA, a saponin, a shuttle vector, 2 macromolecule, a mimotope, a receptor, a
reverse micelle, and any combination thereof) that comprises a second reactive group. In certain embodiments, the
first reactive group is an amine moiety on an aromatic amine and the second reactive group is an~aldcl;yde, wherein
the amine group is reductively-alkylated upon contact with the aldehyde in the presence of a reducing agent, such as
sodium cyanborohydride. In other embodiments, the.first reactive group is an amine moiety on a heteroaromatic
amine and the second reactive group is an aldehyde, wherein the amine group is reductively alkylated upon contact
with the aldehyde in the presence of a reducing agent, such as sodium cyanborohydride, ’

[0214) . In some cases, the non-natural amito acid substitution(s) ar incorporation(s) will be combined with
other additions, substitutions, or deletions within the polypeptide to affect other biclogical traits. In some cases, the
other additions, substitutions or deletions may increase the stability (including but not limited to, resistance o
proteolytic degradation) of the polypeptide or increase affinity of the polypeptide-for its appropriate receptor, ligand

_and/or binding proteins. In some cases, the other additions, substitutions or deletions may increase the solubility

(incl,uding but not limited o, when expressed in £ colf or other host cells) of the pealypeptide. In some embodiments
sites are selected for substitution with a naturally encoded or non-natural amino acid in addition to another site for
incorporation of a non-ngtural amino acid for the purpose of increasing the polypeptide solubility following
expression in £. coli or other recombinant host cells. In some embodiments, the polypep‘ﬁdcs comprise another
addition, substitution, or deletion that modulates affinity for the associated ligand, binding proteins, and/or receptor,
modulates (including but not limited to, increases or decreases) receptor dimerization, stabilizes receptor dimers,
medulates circulating half-life, modulates release or bio-availability, facilitates purification, or improves or alters a
particular route of administration. Similarly, polypeptide can comprise chemical or enzyme cleavage sequences,
protease ¢leavage sequences, reactive groups, antibody-binding domains (f'ncluding but not limited to, FLAG or
poly-His) or other affinity based sequences (including but not limited to, FLAG, poly-His, GST, etc.) or linked
molecules (including but not limited.to, bictin) that improve detection (including but not limited to, GFP),
purification transpdrt thru tissues or cell membranes, prodrug release or activation, size reduction, or other traits of‘.
the polypeptide. 4 .

H Gro?oth Hormone Supergene Family as Exemplar

10215) The methods, compositions, strategies and techniques described herein are not limited to a particular
type, class or family of polypeptides or proteins, Indeed, virtually any polypeptides may be designed or modified to
include at Jeast one modified or unmodified non-natural amino acids described herein. By way of example only, the
polypeptide can be homologous to a therapeutic protein selected from the group consisting of® alpha-1 antitrypsin,
angiostatin,’ antihemolytic factor, antibody, antibody fragment, apolipoprotein, apoprotein, atrial natriuretic factor,
atrial natrivretic pofypeptide, atrial peptide, C-X-C chemokine, T39765, NAP-2, ENA-~78, gro-a, gro-b, gro-¢, IP~10,
GCP-2, NAP-4, SDF-1, PF4, MIG, calcitonin, c-kit ligand, eytokine, CC chemokine, monocyte chemoatiractant
protein-1, monocyte chemoattractant protein-2, monocyte .chemoatiractant protein-3, monocyte inflammatory
protein-1 alpha, monocyte inflammatory protein-i bete, RANTES, 1309, R83515, R91733, HCCl, T58847, D31065,
T64262, CD40, CD40 ligand, c-kit ligand, collagen, colony stimulating factor (CSF), complement factor Sa,
complement inhibitor, complement receptor 1, cytokine, epithelial neutrophil activating peptide-78, MIP-16, MCP-
1, epidermal growth factor (EGF), epithelial neutrophit activating peptide, erythropoietin (EPD), exfoliating toxin,
Factor IX, Factor VII, Factor VIII, Factor X, fibroblast growth factor (FGF), fibrinogen, fibronectin, four-helical
bongle protein; G-CSF, glp-1, GM-CSF, glucacerebrosidase, gonadotropin, growth factor, growth factor receptor,
grf, hedgehog protein, hemoglabin, hepatocyte growth factor (hGF), hirudin, human growth hormone (hGH), human
serem albumin, ICAM-1, ICAM-1 receptor, LFA-1, LFA-1 receptor, insulin, insulin-like growth factor (IGF), IGF-
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L, IGF-1I, interferon (IFN), IFN-alpha, IFN-beta, IFN-gamma, any inteiferon-like molecule or member of the IFN
family, intesleukin (IL), IL-1, TL-2, IE-3, 1L-4, IL-5; IL-6, IL-7, IL-8; IL-9, IL-10, IL-11, IL-12, keratinocyte growth -
factor (KGF), lactoferrin, leukemia inhibitory factor, luciferase, ne.u;-turin, neutrophil inhibitory factor (NIF),
oncostatin M, osteogenic protein, oncogene product, paracitonin, parathyroid hormone, PD-ECSF, PDGF, peptide
hormone, pleiotropin, protein A, protein G, pth, pyrogenic exotoxin A, pyrogenic exotoxin B, pyrogenic exotoxin C,
pyy, relaxin, renin, SCF, small biosynthetic protein, -soluble complement receptor I, soluble I-CAM 1, soluble
interleukin receptor, so}ub]e TNF receptor, somatomedm, somatostatin, somatotropin, streptokinase, superantigens,
staphytor:occa! enterotoxm, SEA, SEB, SEC1, SEC2, SEC3, SED, SEE, ste.roxd hormone receptor, superoxide
dismutase, toxic shock syndrorne toxin, thymosin alpha 1, tissue plasminogen activator, tumor growth factor (TGF),

-tumor necrosis factor, tumor necrosis factor alpha, tumor necrosis factor beta, tumor necrosis factor receptor

('INFR)', VLA-4 protein, VCAM-1 protein, vascular endothelial growth factor (VEGF), urokinase, mos, ras, raf,
met, p53, 1at, fos, mye, jun, myb, re), estrogen receptor, p;ogesi’erone recel;tor, testosterone receptor, aldosterone
receptor, LDL receptor, and corticosterone,

{02106} Thus, the foliowing description of the growth hormone (GH) supergene family is provided for
illustrative purposes and by way of example only, and not as a Jimit on the scope of the methods, compositions,
strategies and technigues described herein, Further, reference to GH polypeptides in this application is intended to
use the generic term as an example of any member of the GH svpergene family. Thus, it is understood that the
modifications and chemistrics descsibed herein with reference to GH polypeptides or protein can be equally apptied
to any member of the GH supergene family, including those specifically listed herein.

10217} The following proteins include ﬁ.\ose encoded by genes of the growth hormone (GHY) supergene family
(Bazan, F., Immunology Today 11: 350-354 (1990); Bazan, Y. F. Science 257: 410-413 (1992); Mott, H. R. and
Campbell, 1. D., Current Opinion in Structural Biology 5: 114-121 (1995); Silvennoinen, O. and Ihle, J. N,,
SIGNALLING BY THE HEMATOPOIETIC CYTOKINE RECEPTORS {1996)): growth hormone, prolactin, placental lactogen,
erythropoietin (EPQ), thrombopoietin (TPQ); interleukin-2 (IL-2), IL-3, L4, IL-5, IL'6, T~7, TL-9, IL-10, TL-11,
1L-12 (p35 subunif), IL-13, IL-15, oncostatin M, ciliary neurotrophic factor, levkemia inhibitory factor, alpha
interferon, beta interferon, _epsilon interferon, gamma interferon, ormega interferon, tau interferon, granulacyte-
colony stimulating factor (G-CSF), granulecyte-macrophage colony stimulating factor (GM-CSF), macrophage
colony stimulating factor (M-CSF) and cardiotrophin-1 (CT-1) (“the GH supergene, family”). It is anticipated that *
additional members of this gene family will be identified in the future through gene cloning and sequencing.
Members of the GH supergene family have similar secondary and tertiary structures, despite the fact that they
generally have limited amino acid or DNA sequence identity. The shared structural features allow new members of
the gene family to be readily identified and the non-patural amino acid methads and compositions described herein
similarly applied, ‘

[0218] Structures of 2 number of cytokines, including G-CSF (Zink ct al., FEBS Lett. 314:435 (1992); Zink et
ak., Biochemistry 33:8453 (1994); Hill et al., Proc.Natl.Acad.Sci.USA 90:5167 (1993)), GM-CSF (Diederichs, K., ef
al. Science 154: 1779-1782 (1991); Walter ef al., J. Mol. Biol 224:1075-1085 (1992)), IL-2 {Bazan, ¥. F. and
McKay, D. B. Science 257: 410-413 (1992)), IL-4 (Redfield et al., Biochemistry 30: 11029-11035 (1991); Powers ef
al., Scignce 256:1673-1 677 (1992)), and IL-5 (Milburn etal., Nature 363: 172-176 (1993)) have been determined by

- X-ray diffraction and NMR studies and show striking conservation with the GH structure, despite a lack of

significant primary sequence homology. IFN is considered to be 2 member of this family based upon modeling and,
other studies (Lee et al, J. Interferon: Cytokine Res. 15:341 (1995); Murgolo et al., Proteins 17:62 (1993);
RadhaKrishnan et al., Structure 4:1453 (1996); Klaus et al, J. Mol. Biol. 274:661 (1997)). A large number of
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additional cytokines and growth factors including ciliary neuratraphic factor (CNTF), leukemia inhibitory factor
(LIF), thrombopoietia (TPO), oncostatin M, macrophage colony stimulating factor (M-CSF), IL-3, IL-6, IL-7, IL-9,
1L-12, 1L-13, IL~15, and granulocyte-colény stimulating factor (G-CSF), as well as the IFN°s such as aipha, beta,
omega, tau, epsilon, and gamma interferon belong to this family (reviewed in Mott and Campbell, Current Opinion
in Structural Biology 5: 114-121 (1995); Silvennoinen and Thle (1996) SIGNALLING BY THE HEMATOPOIETIC
CYTOKINE RECEPTORS). All of the above cytokines and growth factors are now considered to comprise one large
gene family.

62319} * In addiiion to sharing similar secondary and tertiary structures, members of this family share the
property that they must oligomerize cell surface receptors to activate intracelluler signaling pathways. Some GH
family members, including but not limited to; GH and EPO, bind a single type of receptor and cause it to form
homodimers. Other family members, including but not limited to, I.~2, IL4. and IL-6, bind more than one type of
receptor and cause the receptors 1o form heterodimers or higher order aggregates (Davis et al., {1993) Sclence 260:
1805-1808; Paonegsa et al., 1995) EM.BO J. 14: 1942-1951; Mott and Campbell, Current Opinion in Structural
Biology 5: 114-121 (1995)). Mutagenesis studies have shown that, like GH, these other cytokines and growth factors
contain multiple receptor binding sites, typically two, and bind their cognate receptors sequentially. (Mott and.
Campbell, Current Opinion in Structural Biology 5: 114-121 (1995); Matthews et al., (1996) Proc. Natl. Acad. Sci.
US4 93: 9471-9476). Like GH, the primary receptor binding sitt.:s for these other family memb;:rs oceur primarily in
the four alpha helices and the A~-B loop. The specific amino acids in the helical bundies that participate in receptor
binding differ amongst the family members. Most of the cell surface receptors that interact with members of the GH
supergene family are structurally related and comprise a second Jarge multi-gene family. See, e.g. U.S. Patent No.
6,608,183, which is herein incorporated by reference in its entirety. )
10220) . A general conclusion reached from mutational studies of various members of the GH supergene family
is that the Joops joining the alpha helices generally tend to not be involived in receptor binding, In particular the short
B-C loop appears ta be non-essential for receptor binding in most, ifnot all, family members. Far this reason, the B~
C loop may be substituted with non-natural amino acids as described herein in members of the GH supergené
family. The A-B loop, the C-D loop (and D-E loop of interferon/ IL-10-like members of the GH superfamily) may
also be substituted with a non-natural amino acid. Amino acids proximal to helix A and distal to the final helix also
tend not to be involved in receptor Binding and alse may be sites for introducing non-natural amine acids, In some
embodiments, a non-natural amino acid is substituted at any position within a Joop structure including but not
limited 1o the first 3, 2, 3, 4, 5, 6, 7, or reore amino acids of the A-B, B-C, C+D or D-E loop. In some embodiments,
a non~natural amino acid is substituted within the last 1,2,3,4,5, 6,7, or more amino acids of the A-B, B-C, C-D
or D-E loop. .o )

[0221) Certain members of the GH family, including but not limited to, EPO, IL-2, IL-3, 1L~4, IL-6, GM-CSF,
TPO, IL-10, IL-12 p35, IL-13, IL-15 and beta interferon contain N-linked and/or O-linked sugars. The glycosylation
sites in the proteins occur almost exclusively in the loop regions and not in the alpha helical bundles. Because the
loop regions generally are not involved in receptor binding and because they are sites for the covalent attachment of
sugar groups, they may be useful sites for introducing non-natural amino ncid substitutions into the proteins. Amino

“acids that comprise the N- and O-linked glycosylation sites in the proteins may be sites for non-natura) amino acid

substitutions because these amino acids are surface-exposed. Therefore, the natural protein can tolerate bulky sugar
groups attached to the proteins at these sites and the glycosylation sites tend to be jocated away from the receptor

- binding sites.
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10222} "Additional miembers of the GH gene family are likely to be discovered in the future.. New members of
the GH supergene family can be identified through computer-aided secondary and tertiary structure analyses of the
predicted p;otein sequences, and by selection techniques designed to identify molecules that bind to a particular
target. Members of the GH supergene family typically possess four or five amphipathic helices joined by non-helical
amino acids (the loop regions). The proteins may contain a hydrophobic signal sequence at their N-terminus to
promote secrétion from the cell. Such fater discove;ed members of the GH supergene family also are included
within the methods and compositions described l:lerein.

V. Non-natural Amino Acids ° " -

10223} A very wide variety of non-natural amino acids are suitable for use in the methods am':i compositions
described herein as long as they have at Jeast one of the following four properties: (1) at least one ﬁmctipnél group
on the sidechain of the non-natural amino acid has at least one characteristics and/or activity and/or reactivity
orthogonal to the chemical reactivity of the 20 common, genetically-encoded amino .acids (i.e., alanine, :;rginine,
asparagine, aspartic acid, cysteine, glutamine, quiamic acid, glycine, histidine, isoleucine, leucine, fysine,

. meti_xionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine), or at Jeast orthogonal to the

chemical reactivity of the naturally accurring amino acids present in the polypeptide that includes the non-patural
amino acid; (2) the introduced non-natural amino acids are substantially chemically inert toward the 20.common,
genetically-encoded amino acids; (3) the non-natural amino acid can be stably incorporated into a polypeptide,
preferably with.the stabjlity commensurate with the naturally-occurring amino zcids or under typical physiological
conditions, and further preferably SL;ch incorporation can occur via an in vive system; and (4) the nor-natural amino
acid includes an aromatic amine or heteroaromatic amine, or a functional group that can be transformed into an
aromatic amine or heteroaromatic amine, by reacting with a reagent, preferably under conditions that do not destroy
the biological properties of the polypeptide that includes the non-natural amino acid (unless of course such a
destruction of biological properties is the purpése of the modification/transformation), or where the transformation
can occur under aqueous conditions at a pH between about 4 and about 10, or where the reactive site on the non-
natural amino acid is an nucleophilic site. 1ilustrative, non-limiting examples of amino acids that satisfy these four
properties for non-natural amino acids that can be used with the compositions and methods described herein are
presented throughout the Figures and the text herein. Any number of non-natural amino acids can be introduced into
the polypeptide. Non-natural amine acids may also include a protected or masked aromatic amine or heteroaromatic
amine, whereby tpon deprotection or unmasking, the protected or masked aromatic amine or heteroaromatic amine
are transformed into an aromatic amine or heteroaromatic amine. - :

{0224} Non-natural amino acids of interest that may be suitable for use in the methods and compositions
described herein include, but are not litnited to, amino acids comprising a 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 eovalently or noncovalently interact with other
molecules, photocaged and/or photoisomerizable amino acids, amino acids comprising biotin or a biotin analogue,
glycosylated amino acids such as a sugar substituted serine, other carbohydrate modified amino acids, keto-
containing aming acids, amino acids comprising éolyethylene glycol or polyether, hieavy atom substituted amino
acids, chemically cleavabie andfor photocleavable amino acids, amino acids with an elongated ‘side chains as
compared to natural amino acids, including but.not limited to, polyéthers of long chain hydrocarbons, including but
not limited to, greater than about 5 or greater than about 10 carbons, carbon-linked sugar-containing amino acids,
redox-active amino acids, amino thioacid containing amino acids, and amino acids comprising one or mare-toxic

moiety,
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[022:5] In some embodiments, non-natural amino acids comprise a saccharide moicty. Examples of such amino
acids include N-acetyl-L-glucosaminyl-L-serine, N-acetyl-L-galactosaminyl-L-setine, N-acetyl-L-glucosaminyl-L-
threonine, M-acetyl-L-glucosaminyl-L-asparagine and O-mannosaminyl-L-serine.- Examples of such amino acids
also, include examples where the naturally-ocourring N- or O- linkage between the amino acid and the saccharide is
replaced by a covalent Jinkage not commonly found in nature — including but not limited to, an amine linkage, and
the like. Examples of such amino acids also include saccharides that are not.commonly found in naturally-occurring
proteins such as 2-deoxy-glucose, 2-deoxygalactose and the like.

[0226] The chemical mojeties via non-natural amino acids that can be incorporated into proteins offer a variety
of advantages and manipulations of the protein. For example, a heavy atom non-natural amine acid, for examiple,
can be useful for phasing x-ray structure data, The site-specific introduction of heavy atoms using non-natural amino
acids also provides selectivity and flexibility in choosing positions for heavy atoms. Photoreactive non-natural ’
amino acids (including ‘but not limited to, amino acids with benzophenone and arylazides (including but not Timited
10, phenylazide) side chains), for example, allow for efficient in vivo and in vitro photocrosslinking of protein.
Examples of photoreactive non-natural amino acids include, but are not limited to, p-azido-phenylalanine and p-
bcnioyl-phenylalanine. The protein with the photoreactive non-natural amino acids can then be crosslinked at will
by excitation of the photoreactive group-providing temporal control. In .one example, the methy] group'of & non~
natural amino can be substitated with an isotopically labeled, including but not Jimited to, methyl group, as a probe
of local structure and dynamics, including but not limited to, with the use of nuclear magnetic resonance and
vibrational spectroscopy. . , . . ’

A Structure and Synthesis of Non-Nuatural Amino Acids: Alkylated Aromatic Amine Gronps
[0227] ° Non-natural amino acids with nucleophilic reactive groups, such as, by way of exan;p]e only, an
aromatic amine group (including secondary and tertiary amine groups), a masked aromatic amine group (which'can
be readily converted into a aromatic amine group), or a protected aromatic amine group (which has reactivity similar
o an aromatic amine group upon deprotection) allo.w for a variety of reactions to link molecules viz various
reactions, including but not limited to, reductive alkylation reactions -with aldehyde containing reagents. Such
arpmatic amine containing non-natural amino acids include amino acids having the structure of Formula (A):

(RJA\AjEH
R, .
Ry B
Ry~ Rz .
HrJ )
wherein;

M-

(K.\‘fjgm . .

“1"‘" ? is selected from the group consisting of a monocyelic aryl ring, a bicyelic aryl ring, a multicyclic
aryl ring, a monooyclic heteroaryl ring, a bicyclic heteroaryl ring, and a multicyclic heteroaryl ring;

A is independently CR,, or N;

B is independently CR,, N, O, or 8; .

each R, is independently selected from the group consisting of H, halogen, atkyl, -NO,, ~CN, substituted atkyl, -
NR?);, -C(O)R’, “COIN(R")z, ~OR?, and -S(O)R’, wherek is 1,2, or3;andnis 0, 1,2, 3, 4, 5, or 6;

R is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and
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Rz is OH, an ester protecting group, resin, amino acid, polypeptide, or polynuoleotide;'

each of R; and Ry is independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R, or two R, groups
optionally form a cycloalkyl or a heterocycloalkyl; .

M is H or ~CH3R;; or the M=N-C(R) moiety may form a 4 to 7 membered ring structure;

R is alkyl, substituted alkyl, alkenyl, substituted alkenyl, atkynyl, substjtuted alkynyl, alkoxy, substituted alkoxy,

alkylalkoxy, substituted alkylzlkoxy, polyalkylene oxide, substituted polyalkylene oxide, cycloalkyl, substituted

cycloalkyl, aryl, substituted ary), heteroaryl, substituted heteroaryl, heterocy&lc, substituted heterocycle, alkaryl,

substituted alkaryl, aralkyl; substituted aralkyl, -C{O)R”, -C{OYOR?, -CIOINR™Yz, ~C{OINHCH(R™);, -

‘(alkylene or substituted alkylene)-N(R™),, -(alkenylene or substitited alkenylene)-N(R>"),, -(alkylene or

substituted alkylene}-(aryl or substituted aryl), ~(alkentylene or substituted alkcnylcnb)-(aryl or §ubstituted aryl),

-(alkylene or substituted alkylene)-ON(R™),, -(alkylene or substituted alkylene):C(O)SR”, -(alkylene or

substituted alkylene)-S-S-(ary! or substituted aryl), wherein each R™ is i_ndcpendently hydrogen, alkyl,

substituted alkyl, alkenyl, substituted alkeny), alkoxy, substituted alkoxy, ‘aryi, substituted aryl, heteroaryl,

substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted

acalkyl, or -C{O)OR”;

or Rs is L-X, where, X is a selected from the group consisting of a Iabel; a dye; a polymer; a water-soluble polymer;
a derivative of polyethylene glycél; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; a2
photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a
DNA; a RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a cyclodextrin, a
biomaterial; 2 nanoparticle; a spin label; a fluorophore, a metal-containing moiety; a radioactive.moicty; a novel
functional group; a group that covalently or noncovalently interacts with ather malecules; 2 photocaged matety;
an actinic radiation excitab!e_moicty; a ligand; a photoisomerizable moiety; biotin; a biotin analogue; a moiety
incorporating a heavy atom; a chemically cleavable group; a photocleavable group; an elongated side chain; 2
carbon-linked sugar; a redox-active agent; an amino thioacid; a toxic moiety; an isbtopié;iu‘y labeled moiety; a
biophysical probe; a phosphorescent group; a chemiluminescent group; an electron dense group; a magnetic
-group; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; a detectable
label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum dot(s); 2 nanotransmitter; a radiotransmitier; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a guide
RNA, a saponin, a shuttle vector, a macromolecule, 2 mimotope, a receptor, a reverse micelle, and any
combination thereof; and L is aptional, and when present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)-, -
(alkylene or substituted alkylene)-O-, -C(0)-, -C(O)-(alkylene or substituted alkylene)-, -(atkylene or
substituted alkylene)-C(O)-, —C(O)}!(R’)-, ~C{OMN(R")-(alkylene of substituted alkylene)-, -(alkylene or
substituted alkylene)-C(OYN(R?), ~-OC(OIN(R")-, -OC(O)N(R")-(alkylene or substituted alkylene)-, -(alkylene
or substituted alkylene)-OC(O)N(R’)-, -N(R*)C(0)-, -NR’C(0)-(alkylene or substituted alkylene)-, -(alkylene
or substituted alkylene)~NR’C(0)-~, -S-, -S-(alkylenc or substituted alkylene)-, -S(0),- where kis 1,2, or 3, -
S(O)(alkylene or substituted alkylene)-, ~C(8)-, -C(S)-(alkylene or substituted alkylene)-, -CSN(R’)-,
-CSN(R*)-(alkylene or substituted alkylene)-, -N(R*)CO-(atkylene or substituted alkylene)-, -N(R*)C(0)O-, -
(alkylene or substituted alkylene)-O-N=CR’-, -(alkylene or substituted alkylene)-C(O)NR’-(alkylene or

- substituted alkylene}-, -(atkylene or substituted alkylene)-S(O)( alkylene or substituted alkylene)-S-, -
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(alkylene or substituted atkylene)-S-S-; “S{O}N{R*)-, NRICOMNR)-, NRIC(SNR)-,
“N{RDS(O}NR ), -N({R*}-M=, ~-C(R*)=N-, -C(R*)=N-N(R?*)~, -C(R’)=N-N=, -C{R>),-N=N-, and
~C(R):NR)-NR)-5 : )

or two R groups optionally form a cycloalkyl or a heteracycloaiky!;

or Rs and any R, optionally form a cycloalkyl or a heterocycloalkyl; and

each R? is independently H, alkyl, or substituted altkyl.

Such non-natural amino acids may also be in the form of a salt, or may be incorporated into a non-natural amino

qcid polypeptide, polymer, polysacchérx’de, or a polynucleotide and optionally reductively alkylated.

lQJ

The structure (a.s presented in all examples herein) does not present the relat:ve orlematnons of “A,”
“B” “NH-M" and “R.”; rather these four features of this structure may be oriented in any chemically-sound manner

(along with otherfeatures of this structure), as iilustrated by example herein.

[0228) Non-naturz] amino acids containing an aromatic amine moiety having the structure of Formula (A)
include non-natural ammo acids having the structure of Formula (I), Formula (1), Formula (I1I), Formula (IV), and
Formula (V): ’ ,

A A\
28 A’ B—A‘ Renz IA§,?‘. A.,,A B,
\ A Ny “a Ry Sy A R; \;l(: s
Ry Ry w A
R,s Ry R,\ Ry Ry~ R, ’
o

R .
aun ° av)

- A'=A\"

B"S\_ .y
R A
R K ..
Ry~ E Ry M
\
Rl (V); wherein, each A’ is independently sclected from CR,, N, or C—NH_ and np

10 two A’ may be T~ NH with the remaining A’ selected from CR,, orN. -
Such non-natural aming acids may also be in the form of a salt, or may be incorporated into a non-natural amino
acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally reductively alkylated.
[6229] Non-limiting examples of non-natural amino acids containing an aromatic amine moiety having the
struciure of Formula (A) include non-natural amino acids havingthe structure of Formula (V1), and Formula (VII),

{(VDh), (V11), wherein; G is an amine protecting group,
including, but not limited to, .
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. NO,

CH,; CHy .
£ o) Ao e o o
Y CH; 3 CHy J
Such non-natural amino acids may be in the form of a salt, or may be incorporated into a non-patural amino acid

polypeptide, polymer, polysaccharide, or a polynucieotide and optionally reductively alkylated.
[0230] Non-natural amino acids containing an aromatic amine moiety have the following structuses:

R Rse
Ry - 4 M
M >
LA ) Ly
J Ra Ra
R,
. Ry
R’\ﬁ 2
s 3 s
R
M
C,
Ry R,
R
R M
Ry, Ry

wherein each R, is independently selected from the group consisting of H, halogen, alkyl, -NO,, ~-CN, substituted
alkyt, -N(R")a, ~C(O}R’, ~C{O)N(R)2, ~OR’, and -S(O)R’, where k is 1,2, or 3;
M is H or —CHaRs; or the M-N-C(R5) moiety may form a 4 to 7 membered ring structure;
R, is H, an amino profecting group, resin, amino acid, polypeptide, or polyaucleotide; *
R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;
Rs is alkyl, substituted alkyl, alkenyl, substituted alkeny], alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide, cycloalkyl, substiruted
“cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocycle, substituted heterocycle, alkasyl,
substituted alkaryl, aralkyl, substituted aralicy), -C{O)R?, -C(O)OR™, -C(O)N(R"Y,, -C(O)NHCH(R”);, ~
(alkylene or substituted alkylene)-N(R")2, -(alkenylene or substituted aftkenylene)-N(R™),, -(alkylene or
substitted alkylene}-(aryl or substituted aryl), -(alkenylene or substituted alkenylene)-(aryl or substituted aryl},
-(alkylene or substituted alkylene)-ON(R”);, -(alkylene or substituted alkylene}-C(O)SR”, (alkylene or
substituted alkylenc)-S-S-{aryl.or substituted aryl}, wherein each R” s independently hydrogen, afkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocycle, substituted heterdcycle, alkaryl, substituted alkaryl, aralkyl, substituted
aralkyl, or -C(O)OR’;
or Rs is L-X, where, X is a selected from the group consisting of a label; a dye; a polymer; a water-soluble polymer;
a derivative of polyethylene glycol; a phatacrosslinker; a cytatoxic compound; a drug; an affinity label; 2
photoaffinity label; a reactive compound; a resin; a sseend protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a
DNA; a RNA; an antisense polynucieotide; a saccharide, a water-soluble dendrimer, a cyclodextyin, a
biomaterial; a nanoparticle; a spin label; 2 fluorophore, a metal-containing moiety; a radivactive moiety; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; 2 photocaged moiety;
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an actinic radiation excitable moisty; a Jigand; a photoisomerizable moiety; biotin; a biotin analogue; a moiety
incorporating.a heavy atom; a chemically cleavable group; a photocleavable group; an elongated side chain; a
carbon-linked sugar; a redox-active agent; an amino thioacid; a toxic moiety; an isotopically labeled moiety; a
biophysical probe; a phosphorescent group; a chemiluminescent group; an electron dense group; a magnetic
group; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; a detectable
label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; 2 neutron-capture agent; a derivative
of biotin; quantum dot(s); & nanou:ansmitter; aradiotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antikormone, an antioxidant, an 'aptamer, a guide
RNA, a saponin, a shutfle vector, a macromolecule, a mimotope, a receptor, a reverse micelle, and any
combination thereof, and L is optional, and when present is a linker selceted from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted atkenylene, -O-, -O{alkylene or substltuted alkylene)-, -
(alkylene or substituted alkylene)-O— ~C(0)-, -C(O)-(alkylene or substituted alkylene)- ~[alkylcnc or
substituted alkylene)-C(Q)~, ~C(O)N(R)-, -C{O)N(R")-(alkylene or substituted alkylene)-, -(alkylens or
substituted alkylene)-C{O)N(R’), -OC(O)N(R")~, -OC(OIN(R")-{alkylene or substituted alkylene)-, ~(alkylene
or suibstituted alkylene)-OC(O)N(R”)-, -N(R")C(O)-, -NR*C(O)-(alkylene or substituted alkylene)-, ~(alkylene
or substituted atkylene)-NR’C(0)~, -8-, ~8-(alkylene or substituted alkylene)-, -S(O)- wherekis 1,2, 0r 3, ~
S(O)(alkylene or substituted alkylene)-, -C(S)-, -C(S)~(alkylene or substituted alkylene)-, -CSN(R)-,
-CSN(R”)-(alkylene or substituted alkylene)-, -N(R")YCO-(alkylene or substituted alkylene)-, -N(R*)C(0)0-, -
‘(alkylene or substituted alkylene)-O-N=CR’-, -(alkylene or substituted alkylene)-C(O)NR’~(alkylene or
substituted alkylene)-, -(alkylene or substituted alkylene)-S(O)-( alkylene ar substituted alkylene)-S-, -
{alkylene or substituted alkylenc)~S-S-, -S(O)N(R’)-, N(R*)C(OIN(R")-, -N(R")C(S)N(R")-,
ANRISORNR)-, “N(R*»-N=, -C(R’y=N-, -C(R’)"N DR, ~CRY=N-N=, -C(R*);-N=N-, and
“CR")NRFNR )¢

or Rg and any R, optionally form 2 cycloalky! or a beterocycloalkyl; and

each R* is independently H, alkyl, or substituted alkyl. Such non-ratural dmino acids may also be in the form of 2

salt, or may be incorporated into a nonm-natural amino acid polypeptide, polymer, polysaccharide, or a

pol);nucleotide. -

{0231} Other non-limiting examples of non-natural amino acids containing an aromatic amine moiety having

-the structure of Formula (A) are shown in FIGS. 2-10. Such non-natural aming acids may alse be in the form of a

salt, or may-be incorporated inte a.non-natural amino acid polypeptide, polymer, polysaccharide, or a
polynucieotide, .

{6232] Non-limiting examples of syntheses of compounds of Formula (A) are shown in FIGS, 11-13. Such
examples show the syntheses of non-natural amino acids containing aromatic amine mojeties, wherein the amine
moiety created is a primary or secondary amine. Such non-natural amino acids may be.in the form of a salt, or may
be incorporated inte & non-naturat amino acid polypeptide, polymer, polysaccharide, or a polynucleotide and
optionally reductively alkylated.

10233] A non-limiting formation of an aromatic amine-containing non-natural amino acid having the structure
of Formula (A) is shown in FIG. 14, wherein by way of example only, non-natural amino acids of Formula (A) may
be formed by reduction of protected or masked amine moieties on the aromatic moiety of a non-natura] 2mino acid,

" Such protected or masked amine moleties include, but are not Vimited to, imines, hydrazines, nitro, or azide

subitituents, The reducing agents used to reduce such protected or masked amine moieties include, but are not

l
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Iimited to, TCEP, Na,S, Na,S:04, LiAlHs, NaBH; or NaBCNH;. Such non-natural amino acids containing the

- protected or masked amine moieties on an aromatic molety have the structure of Formula (B),

C R AN
X3 7

Ry B
Ry~ Ry
N
H Ry
Ao ®) .
wherein; .
/A Y

(R.).«.}
‘H"t s is selected from the group consisting of a monocyelic aryl ring, a bicyclic ary] rfng, a multicyclic

aryl] ring, a menocyclic héteroary! ring, a bicyclic heteroaryl ring, and a multicyelic heteroaryl ring;

A is independently CR,, or N;

B is independently CR,, N, O, or §;

each R, is independently selected from the group consisting of H, halogen, alkyl, -NO,, -CN, substituted alkyl, «
N(Rz, ~CO)R’, -C(O)NR )z, -OR’, and -S(OXR’, wherc k is 1,2, or 3; and n is 6, 1,2,3,4,5,0r6;

Ry is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and * o,

Rz is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide; )

each of R, and Ry is independently H, halogen, lower alkyl, or substituted lower alkyl, or Ry and R, or two R; groups
optionally forma cycloaltkyl ora hcteroéycloalkyi; ’

Y is “NH-NHj, -NH-NHR?’, -CR’=NR’, -NOj, or -Ny, and

.each R’ is independently H, alkyl, or substituted alkyl.

Such protected non-natural amino acids may be in the form of a salt, or may be incorporated into a non-natural
amino acid polypeptide, polymer, polysaccharide, or polynucleotide.
(Rn)nfyyv <3 .

The structure ““H. (as presented in all examples herein) does not present the relative orientations of “A,”
“B,” Y and “R;"; rather these four features of this structure may be oriented in any chemically-sound manm;r
(along with other features of this structure), as ilfustrated by example herein. :

{0234} Non-natural amino acids containing an aromatic amine moicty having the structure of Formula (B)
include non-natural amino acids having the structures of Formula (VIIT), Formula (1X), Formula (X}, and Formula

XD,
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Ra Y Y

Ra Y Ra Ra Ra 'Ru
M Ra ) N Rs ’
. Ry . Ra Ry Ra Ry Y
Ra Ra Ra
i RI\N Ra RI\N Ry R’\ﬁ Ra
H R, H R, Rs
o vy 0 ax) o e}
Y
Ra Y
Ry
Ry Re
Rs
1~ Ry
H &,
O X1).

Such protected non-natural amino acids may be in the form of a salt, or may be ihcorporated into a non-natural
amino acid polypeptide, polymer, polysaccharide, or polynucleotide. Such non-natural amino acids may also be
translationally incorporated into a non-natural amino acid polypeptide and then post-trans)ationally modified by
reduction to form non-natural amino acids having the structure of Formula'(A) as part of the non-natural amino atid
polypeptide. In addition, non-natural amino acids having the structure of Formula (B) n;ay also be incorporated inta
a polymer, polysaccharide, polynucleotide or chemically synthesized polypeptide, and are then reduced to form non-
natural amino acids having the structure of Formula (A) as part of the polymer, polysaccharide, }Jolyhucleotide or
chemically synthesized polypeptide. Such incorporated non-natural amino acids having the structure of Formula (A)
may then be optionally reductively alk);iated‘

[0235] . Other non-limjting examples of such non-natural amino acids containing protected or masked aminc
mmetles are shown in FIG. 15 oo g '

B’ Structura and Synthesis of Non-Nalurnl Amino Acids: Alkylated Aroniatic Amine Groups
[0236} Non-natural amino acids with nucleophilic reactive groups, such as, by way of example only, an
aromatic amine group (including secondary and tertiary amine groups), a masked aromatic amine group (which can
be readily converted inte a aromatic amine group}, or a protected arormatic aming group (which has reactivity similar
to a aromatic amine group upon deprotection) allow for a variety of reactions to link molecules via various reactions,
inclyding but not limited to, reductive alkylation reactions with aldehyde containing reagents. Such a!kylated non-

natural amino acids include amino acids having the structure of Formula (C):

<R,)n 7 '

©

7’”‘ | |

is selected from the group consisting of 2 monocyelic aryl ring, a bicyclic aryl ring, a

wherein:

multicyclic aryl ring, a2 manacyclic heteroaryl ring, a bicyelie heteroaryl ring, and a multicyclic heteroaryl ring;
Als independentgy CR,, or N;
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B is independently CR,, N, O, or §;

each R, Is independently selected from the group consisting of H, halogen, alkyl, -NO,, ~CN, substituted atkyl, -
Nz, ~CONR”, ~CIOMN(R")z, -OR’, and ~S(Q)R’, where k is 1, 2,05 33 and n 38 0, 1,2, 3,4, 5,0r 6;

R; Is H, an amino protecting group, resin, amine acid, polypeptide, or polynucleotide; and

R; is OR, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;

each of Ry and Ry is independ el.ltly H, halogen, lower alkyl, or subsp‘tuted Tower atkyl, or R; and R4 ar two R; groups
optionally forma cycloalkyl or a heterocycloalkyl;

M is H or ~CHzRs; or the M-N-C(Rs) moiety may forma 4 to 7 membcrcd"ring structure; )

R is alkyl, substituted alky), alkenyl, substituted alkenyl, alkynyl, substituted alkyny), alkoxy, substituted alkoxy,
alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl,
substituted alkaryl, aralkyl, substituted aralkyl, <C(O)R”, -C(O)OR”, -C(O)N(R™)z, -C(O)NHCH(R"),, -
(alkylene or substituted alkylene)-N(R”)z, -(alkenylenc or substituted alkenylene)-N(R™),, -(alkylene or
substituted alkylene)-(aryl or substitnted aryl), ~(alkenylene or substituted alkenylene)-(ary! or substituted awl},
-(alkylene or substituted alkylene)-QON(R™);, -(alkylene or substituted alkylene)-C(O)SR”, -(alkylene or
substituted alkylene)-S-S-(aryl or substituted aryl), wherei; each R” is independently hydrogen, alkyl,
substituted alky), alkenyl, substituted alkenyl, alkoxy, substituted atkoxy, aryl, substituted aryl, heteroaryl,
substitated heteroaryl, heterocycle, substituted heterocycle, alkary), substituted alkary), aralkyl, substituted
aralkyl, or -C(Q)}OR’; .

or Rs is L-X, where, X is a selected from the group consisting of'a label; a dye; a polymer; a water-soluble polymer;
a derivative of polyethylene glycol; a photocrosslinker; a t:ytotoxic compound; a drug; an affinity label; a
photoaffinity label; a reactive compound; a resin; 2 second protein or pblypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a
DNA; a RNA; an antisense polynucleotide; a saccharide, a water-'so.luble dendrimer, a2 cyc]odextrift, a
biomaterial; a nanoparticle; a spin label; a fluorophore, a metal-containing moiety; a radioactive moisty; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; a photocaged moiety;
an actinic radiation excitable mofety; a ligand; a photoisomerizable moiety; biotin; a biotin analogue; a mojety
incorporating a beavy atom; a chemically cleavable group; a photocleavable group; an elongate&.side chain;a
carbon-linked sugar; 2 redox-active agent; an amino thioacid; a toxic moiety; an isotopicaily labeled moiety; a
biophysical probe; a phosphorescent group; a chemiluminescent group; an eleciron dense group; a magnetic
group; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; a detectable
label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum dot(s); a nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, a
vivus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a guide
RNA, a saponin, a shutfle vector, 2 macromolecule, a mimotope, a receptor, a reverse micelle, and any
combination thereof; and L is optional, and when present is a Iinker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)-, -
(alkylene or substituted alkylene)-O-, ~<C(Q)-, ~-C(0)-(alkylene or substituted atkylene)-, ~(alkylene or
substituted alkylene)-C(Q)-, ~-C(OIN(R*)~, -C(O)N(R”)-(alkylene or substituted alkylene)-, -(alkylenc or
substituted alkylene)-C(O)N(R?), ~OC(O)N(R’)-, ~-OC(O)N(R")-(alkylene or substituted alkylene)-, ~(alkylene
or substituted alkylene}-OC(O)N(R’)-, -NR)C(O)-, -NR’*C(O)-(alkylene or substituted alkylene}-, -(alkylene
ar substituted alkylene)-NR*C(Q)-, ~8-, -S-(atkylene or substituted alkylene)-, -8(0),- where k is 1,2, or 3, -
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S(O),(alkylene or substituted alkylene)~, ~C(8)-, ~C(S)-(alkylene or substituted alkylene)-, -CSN(R")-,
~CSN(R?)-(alkylene or substituted alkylene)-, -N(R*)CO-(alkylene or substituted alkylene)-, -N(R*)C(0)O-, -
{alkylene or substituted alkylene)-O-N=CR’-, -(alkylene or substituted alkylene)-C(ONR’-(alkylens or
substituted alkylene)-, ~(alkylene or substituted alkylene)-S(0),~{ alkylene or substituted alkylene)-S-, -
(alkylene or substituted alkylene)-S-S«, ~S(O)N(R)-, <-N(R*)C(O)N(R")-, -NR)C(S)N(R)-,
NR)S(O}N(R)-, ~N(R’}-N=, ~C(R’)=N-, -C(R*)=N-N(R’)-, -'C(R’)=N-N%, ~C(R’)>N=N-, and
“CRM-NR)-NR')-

or two Rs groups optionally form a cycloalky) or a heterocycloalkyl;

or Rs and any R, optlonally form a cycloalkyl or a heteroeycloalkyl; and

cach R is mdependent(y H, alkyl, or substituted alkyl.

Such non-natural amino acids may also be in the form of a salt, or may be incorporated into a non-natural amino

acid polypeptide, polymer, polysaccharide, or a polynucleotide and optionally reductively alkylated.

(&ijr\/&

The structure &“‘t B (as presented in'all examples herein) does not preéent th.c refative orientations of
“AT B N(M)CH,R” and “R,”; rather these four features of this 3tructure may be oriented in any chemically~
sound manner {along with other features of this structure), as illustrated by example herein.

[0237]) Non-natural amino acids containing an aromatic amine moiety having the structure of Formula (C)
include non-natural ammo acads having the structure of Formula (XII), Formula (XiIT), Formula (X1V), Formula

{XV), and Formula (XVI)
R, e AL ' g \ 4 A
Al B—A A AP B,
Ry [ , Rz \k' . I . A‘ R I :A'
Ry et Ry Sy a: Ny A
R]\E Sz RI\N Rz R,\N Rp
H R4 H Ry
o (xm 0  (xm X1v) o
(xv) L .
At AY .
A ,\A' .
R A
RS
Ry R

o (XVD); wherein, each A’ is independently selected from CR,, N, or S~ Neur® 4nd

up to two A’ may be C""TI’\/R’ with the remaining A’-selected from CR,, or N,
Such non-natural amino acids may also be in the form of a salt, or may be incorporated into a non-natural amino
acid pofypeptide, polymer, polysaccharide, or a polynucleotide and optionally reductively alkylated.
[0238] Other non-limiting examples of non-natural amino acids containing an aromatic amine moiety having
the structure of Formutla {C) are shown in Figures 8-10. Such non-natral amino acids may also be in the form of a
salt, or may be incorporated into a non-natural amino acid polypeptide, polymer, polysaccharide, or a polynucleotide
and optionally reductively alkylated.
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{0239} Compounds of Formula (C) may be formed by the reductive alkylation of compounds of Formula (4)
with carbonyl containing reagents such as, by way of ;:xamplc, ketones, esters, thioesters, and aldehydes. By way of
o .

example, such aldehyde containing reagents may have the structure corresponding to RS, H .

wherein; .

R Is alkyl, substituted alky), alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide, cycloalkyl,‘subsfituted .
‘cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heteracycle, substituted heterocycle, alkaryl,
substituted alkaryl, aralkyl, substituted araikyl, -C{O)R", -C(O)OR?”, -C(O)N(R");, -C(O)NBCH(R™),, -
‘(aikyl ene or substituted alkyleng) N(R™),, -(alkenylene o.r .substituted alkenylene)-N{R>),, -{alkylene or
substituted atkylene)-(aryl ar substituted aryl), -(alkenylene c;r substituted alkenylene)-(ary! or substituted aryl),
+(alkylene or substituted alkylene)-ON(R™);, -(alkylene or substituted alkylene)-C(C)SR”, -(alkylene or
substituted alkylene)-S-S-(aryl or substituted aryl), wherein each R is independently hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocycle, substituted heterocyele, alkaryl, substituted alkary), araliyl, substituted
aralkyl, or -C(OYOR'; :

or Rs is L,-f(, where, X is a selected from the group consisting of a label; a dye; a polymier; a water-soluble polymer;
a derivative of polyethylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; a
photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibady fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a
DNA; a RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a cyclodextyin, a
biomaterial" a}\anoparﬁcle‘ a spin label; a flucrophore, a metal-containing moiety; o radicactive moiety; 2 novel
functional group; a group that covalently or noncovalently interacts with other.molecules; a photocaged moiety;
an actinic radxaﬁon excztable moiety; a ligand; a photoisomerizable moiety; biotin; a biotin analogue; a.moijety
incorporating 2 heavy atom; 2 c!zegmcqlly cleavable gronp; a photocleavable group; an elongated side chain; a
carbon-linked sugar; a redox-activc‘agent; an amino thicacid; a toxic mofety; an isotopically Jabeled moiety; a
biophysical probe; a phosphorescent group; a chemiluminescent gronp; an eleciron dense group; a magnetic
group; an intercalating group; a chromaphaore; an energy transfer agent; a biologically active agent; a detectable
label; a smal) molecule; an inhibitory ribonucleic acid; a radionucleotide; a nentron-capture agent; a derivative
of biotin; quantum dot(s); a nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a guide
RNA, a sapomn, a shuttle vector, a macromolecule, a mimotope, a receptor, a reverse micelle, and any
combmatlon thereot" and L is aptional, and when present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)-, ~
(alkylene or substituted alkylene)-O-, ~C(O)~, -C(O)-(alkylene or substituted alkylene)-, -(alkylene or
substituted alkylene)-C(0)-, -C(O)N(R")-, -C(O)N(R’)-(alkylene or substituted atkylene)-, -(alkylene or
substituted alkylene)-C{OYN(R’), -OC{OIN(R?)-, ~OC(O)N(R")-(alkylene or substituted alkylene)-, -(atkylene
or substituted atkylene}-OC{OMN(R’)-, -N{R*)C(O)-~, -NR*C({O)-(alkylene or substituted alkylens)-, -{alkylene
or substituted alkylene)-NR’C(O)-, -S-, -S~(alkylene or substituted alkylene)-, -S(0),- where k is 1,2, or 3, -
S(O(alkylene or substituted alkylene)-, -C(8)-, -C(S)-(alkylene or substituted alkylene)-, -CSN(R")-,
~CSN(R’)-(alkylene or substituted alkylene)-, -N(R)CO-(alkylene or substituted alkylene)-, N(R*)C(0)0-, -
(alkylene or substituted atkylene)-O-N=CR>-, (alkylene or substituted alkylene)-C(OYNR’~(alkylene or
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substituted alkyfene)-, -(alkylene or subsiituted alkylene)-S{O),-( 2lkylene or substituted alkylene)-S-, -
(alkylene or substituted atkylene)-8-8-, -S{O3NR ")+, N(RHYCOINR" ), NRIICSNR")-,
NRISOUNR?)-, -NR")-N=, ~-C(R')=N;, ~C(R")=N-N(R"}-, -CR’ )'=N-N=, ~C(R™)2-N=N-, and
'C(R’)z‘N(R’j‘N(R’)-; each R’ is independently H, alkyl, or substituted alkyl.

[0240] Other non-natural amine acids having the structure of Formula (B) are non-limiting examples described

herein:

wherein each R, is independently selected from the group consisting of H, halogen, alky), <NO,, -CN, substituted

alkyl, N(R)y, “CIOUR’, ~CCOM(R"), -OR?, and ~S(O)R’, where k is 1,2, or 3;

M is H or ~CH;Rg; or the M-N-C(R;) moiety may form a 4 to 7 membered ring structure;

Rs i$ alkyl, substituted alkyl, alkeny), substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
nlkytaikoxy, substituted-alkylalkoxy, polyatkylene oxide, substituted polyalkylene oxide, cycloalkyl, substituted

)

5

cycloalkyl aryl substituted aryl, heteroaryl, substituted heteroaryl, heterocycle, substituted heterocycle, ajkaryl,
substituted alkaryl, aralkyl, substituted aralkyl, -C(O)R”, ~C(O)OR?, -C{O)N(R"),, -C(O)NHCH(R™)a, ~
J(alkylene or substituted alkylene)-N(R™),, -(alkenylene or substituted alkenylene)-N(R™),, -(alkylene or
substituted alkylene)-(aryl or substituted aryl), -(atkenylene or substituted alkenylene)-(ary! or substituted aryl),
-{alkylene or substituted alkylene)-ON(R™);, ~(alkylene or substituted alkylene)-C{O)SR”, -(alkylene or
substituted atkylene)-S-S-(aryl or substituled aryl), wherein each R is independently hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl,
substituted heteroary], heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralky!, substituted
aralkyl, or -C(O)OR’;

or Rs is L-X, where, X is a selected from the group consisting of a label; a dye; a polymer; 2 water-soluble polymer;
a deriv;ltiva of polyethyicne glycol; a photocrosslinker; a cyfotoxic compound; a drug; an affinity label; a
photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a
DNA; a RNA; an antisense polynucleotide; a saccheride, a water-soluble dendrimer, a cyclodexirin, a
biomaterial; 2 nanoparticie; a spin label; a fluorophore, a metal-containing moiety; a radioactive moity; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; s photocaged moiety;
an actinic radiation excitable moiety; a ligand; 2 photoisomerizable moiety; bioting a biotin analogue; a maiaty
incorporating a heavy atorn; a chemically cleavable group; a photocleavable group; an elongated side chain; 2
carbon-linked sugar; 2 redox-active agent; an amino thioacid; a toxic moiety; an isotopically labeled moiety; a
biophysical probe; a phosphorescent group; a chemiluminescent group; an electron dense group; 2 magnetic
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group; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; a detectable
label; 2 small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum dot(s); ananotransm'iﬁer; a radiotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angjostatin, an antihormoane, an antioxidant, an aptamer, a guide
RNA, a saponin, a shuttle vector, a maéromolecule,-a mimotope, a recepior, a reverse micelle, and any
combination thereof; and L is aptional, and when present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)~, -
(alkyleae or substituted alkylene)-O-, -C(Q)-, -C(O)-(élkj/lene or substituted alkylene)-, -(alkylene or
substituted alkylene)-C(O)-, ~-C(OIN(R)-, -C(O)N(ii’)-('alkylene or substituted alkylene)-, ~(alkylene or
substituted alkylene)-C(O)N(R’), ~OC(OIN(R)-, -OC(OIN(R’)-(alkylenc or substituted alkylene)-, -(alkylene
or substituted alkylene)-OC{OYN(R’)-, -N(R")C(Q)-, -NR' C(O)-(alkylene or substituted alkylene)-, -(alkylene
or substituted allcylene)}NR*C(Q)-, -S-, -S-(alkylene or substituted alkylene)-, -S(0),- where kis 1,2, or 3, ~
S(Q)y(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(alkylene or substituted alkylene)-, -CSN(R*}-,
~CSN(R’)-(alkylenc or substituted alkylene)-, -N(R")CO-{alkylene or substituted alkylene)-, -N(R)C(0)O-, -
(alkylene or substituted alkylene)-O-N=~CR’-, ~(alkylene or substituted alkylene)-C(O)NR*~(alkylene or
substituted alkylene)-, -(alkylene or substituted alkylene)-S(O)~( alkylene or substituted atkylene)-S-, -
(alkylene or substituted alkylene)-S-S-, ~S(O)N(R’)-, N(R*)C(OIN(R?)-, -N(R*)C(S)N(R")-,
NR"S(O)N(R)-, “N(R")-N=, -C(R*)=N-, ~C(R?)=N-N(R")-, ~C(R?)=N-N=, -C(R),-N=N-, and
~CR)-NR)NRD~

or Rs and any R, optionally form a cycloalky! or a heterocycloalky); and .

each R’ is independently 1, alkyl, or substituted atkyl.

(0241} The following non-natural amino acids having the structure of Formuld (C) are non-limiting examples of

alkylated non-natural amino acids described herein:

’ ) NH
S Y s OY : « P
*BJN’Q?/ *H; N ;f " "HJN .0' % ‘ngg
(o] N 44 , o s 3
- .
*HaN o m,m(? *a,N‘(yEEr *Hy
! 2 2 o »

o 1
HzN * H
O AR é@”\/
F -
N Hy " Hs © HN
o . O
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Such non-natural amino acids mb& also be in the form of a salt, of may be iﬁcorporatcg] into a non-natural amino
acid polypeptide, polymer, polysaccharide, or 2 polynucleotide and optionally redustively alkylated. .

10242) Non-limiting exemplary syntheses of non-natural amino acid polypeptides containing amino acids of
Formula (C) is presented in FIG. 15, wherein the masked amine moieties of non-natural amino acids Forinula (B)
contained in polypeptides are initially reduced to give non-natura) aming acids of.F'onnula (:A.) containing aromatic
amine moieties incorporated into non-natural amino acid polypeptides, Such aromatic amine mojeties are then
reductive alkylated with carbonyl:contaifiing reagents described above to give polypeptides containing non-natural
amino acids of Formula (C). Such reactions may also be applied to non-natural amino acids incorporated into
syathetic polymers, polysaccharides, or polyaucleotides. Additionally, such reactions may be applied ta non-
incorporated non-natural amino acids. By way of example the reducing agent used to reduce masked amine moieties
includes, but is not limited to, TCEP, Na,S, Na,S:04, LiAIH,, BoHs, and NaBH,. By way of example only, reductive
atkylation may occur in agueous biffers with 2 pH of about 4 to about 7 and using a mild redncing agent, such as, by
way of example only, sodium cyanoborohydride (NaBCNH,). In addition, other reducing agents may be used for
reductive alkylation including, but not limited to, TCEP, Na,S, N2;S,0;, LiAlH,, BaHg, and NaBH,.

10243] Presented in FJG. 16 are non-limiting exemplary syntheses of non-natural amine acid polypeptides
containing amino acids of Formula (C) by reductive alkylation of secondary aromatic amine moicties, contained in
non-natural amino acids of Formula (A), with carbonyl-containing reagents described above. Such reductive
:{Ikyiations give polypeptides containing non~natural amino acids with tertiary aromatic amine moisties. Such
reactions may also be applied fo non-natural amino acids incorporated into synthetic polymers, polysaccharides, or
polynucleotides. Additionally, such reactions may be applied to non-incorporated non»naturaf amino acids. By way
of example only, reductive alkylation may occur in aquecus bnffe;'s with a pH of about 4 to about 7 and using 2 mild
reducing agent, such as, hy way of example only, sodium cyanoborohydride (NaBCNH;). In addition, other
reducing agents may be used for reductive alkylation including, but not limited to, TCEP, NaS, Na;S;0x, LiAlHa,
BzHg, and NaBH,.

{0244) Compounds of Formula (C) may also be formed by the reductive alkylation of compounds of Formula

(A) with reagents containing at least two carbonyl moicties, including, but not limited to, diketanes, ke.to'a'idehyécs
o o’

and dialdehydes. By way of example, such reagents may have the structure corresponding to Ry Rs Ry or

0 0
Rs)J\(CR,R.)/u\

o Ry,
wherein;
each I.t, is independently selected from H, optionally substituted alkyl, optionally substituted alkene, optionally
substituted alkyne, optionally substituted cycloalkyl, optionally substituted heterocycle, optionally substituted
aryl, or optionally substituted heteroaryl;
Rs is alkylene, substituted alkylene, alkenylene, substituted alkenylene, alkynylene, substituted alkynylene,
polyalkylene oxide, substituted polyalkylene oxide, eycloalkylene, substituted cycloalkylene, arylene, .
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substituted arylene, hetercarylene, substituted heteroarylene, heterocycioalkylene, substituted . ’
heterocyeloalkylene, -C(O)R” -, -C{O}OR”~, ~-C{OIN(R*")-, ~(alkylene or substituted alkylene)-N(R”) —, -
(alkenylene or substituted alkenylene)-N(R”)-, -(alkylene or substituted alkylene)-ON(R")-, (alkylene or
substituted alkylene)-C(O)SR™-, wherein each R” is independently hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkoxy, substituted alkoxy, substituted alkylene, alkenylene, substituted alkenylene,
alkynylene, substituted alkynylene, aryl, substituted aryl, heteroaryl, substituted heteroary), heterocycle,
substituted heterocycle, alkaryl, substituted alkaryl, ayalkyl, ar substjtntad aralkyl;

or Rs s L-X, where, X is a selected from the group consisting of a Iabel; a-dye; a polymer; a Water-soluble polyme;-;

C

a derivative of polyethylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity Jabel; 2
photoaffinity label; a reactive compound; a.resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; 2 .,
DNA;a RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a cyclodextrin, a )
Piomaterial; a nanoparticle; a spin label; a ﬂuoropho;'e, a metal-containing moiety; a radioactive maiety; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; a photocaged moiety;
an actinic radiation excitabie moiety; a ligand; a photoisomerizable moiety; biotin; a biotin analogue; 2 moiety
incorporating a heavy atorn; a chemically cleavable group; a photocleavable group; an elongated side chain; a
carbon-linked sugar; a redox-active agent; an amino thioacid; a toxic moiety; an isotopically labeled moiety; a
biophysical probe; a phosphorescent group; a chemiluminescent grouy; an electron dense group; 2 magnetic
group; an intercalating group; a chromophore; an energy transfer agent; a biologicaily active agent; a detectable
label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum dot(s); a nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a guide
RNA, a saponin, a.shuttle vector, a macromolecule, 2 mimotope, a receptor, a reverse micelle, and any
combination thereof; and L is optional, and when present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, ~Q-(alkylene or substituted alkylene)-, -
(alkylene or substituted alkylene)-©-, ~C(0)-, -C(O)-(alkylene or substitqted alkylene)-, ~(zalkylene or
substinited alkylene)-C(O)-, -C(O)N(R.’)-, -C(OIN(R’)-(alkylene or substituted alkylene)-, -(alkylene or
substitoted alkylene)-CIOIN(R’), -OC{OIN(R®), -OC(O)N(R")-(alkylene or substituted alkylene)-, -(alkylene
or substituted alkyleng)-OC(OIN(R’)-, ~NR”)C(O)-, “NR’C(O)-(alkylene or substituted alkylene)-, -(alkylene
or substituted alkylene)-NR'C(O)-, -S-, +S-(alkylene or substituted alkylene)-, -S(O)~ where k is 1, 2, or 3, -
S(O)(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(alkylene o substituted alkylene)-, -CSN(R")-,
~CEN(R")~(alkylene or substituted alkylene)-, -N(R’YCO-(alkylene or substituted alkyiene)-, NRHC(O)O-, -
(alkylene or substituted alkylene}-0-N=CR’-, -(alkylene or substituted alkylene)-C(O)NR’-(alkylene or
substituted alkylene)-, -(alkylene or substituted atkylene)-S(0)-( alkylene or substituted alkylene)-S-,
(alkylene or substituted alkylene)-8-§-, -S(O)N(R"), “NRYC(QIN(R")-, -N(R"IC(S)N(R")-,
“NRYS(O}NR")-, “NR)-N=, -C(R?)=N-, ~CR")=N-N(R’)-, ~C(R")=N-N=, -C(R*);-N=N-, and
~C{R*)"N(R")-N(R”)-; each R’ is independently H, alkyl, or substituted alkyl; n is 1, 2, or 3.

Strncture and Synthesis of Non-Natural Amine Acids: Aminated Antino Acids

10245) Non-natural amino acids with electrophilic reactive groups, such as, by way of example only, an
aldehyde group, a masked aldehyde group (which is 2 fitnctional group which can be readily converted into 2n

. aldehyde group), or a protected aldehyde group (which has reactivity similar to an aldehyde group upon
. deprotection) allow for a variety of reactions to link molecules via various reactions, including but not limited to,
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reductive amination reactions with aromatic amine containing reagents. Such aminated non-natural amino acids
include amino acids having the structure of Formula (D):
. . A R,
)
Ry
Ry L\QA(]l
R]\ Rz M
"N
. . g

. - D)

wherein: .

L is aoptional, and when present %s lower alkylene, substituted [ower alkylene, lower cycloalkylene, substituted Jower.
cycloalkylene, Jower alkenylene, substituted lower alkenylene, alkyhylefze, Jower hetéron]kyl’ene, substituted
heteroalkylene, lower heterocycloatkylene, substituted lower heterocycloalkylene, arylene, substituted arylene,
heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or substituted

aralkylene;

Q is optional, and when present is a linker selected from the group consisting of lower alkylene, substituted lower

alkylene, lower alkenylene, substituted lower aléeny}ene, lower heteroalkylene, substituted lower
heteroalkylene, -O-, -O-(alkylene or substituted alkylene)-, -S-, -8-{alkylene or substituted alkylene)-, ~S(O)-
where k is 1, 2, or 3, -S(O)(alkylene or substituted alkylene)-, -C(O)~, ~C(O)-(alkylene or substituted alkylene)-
» “C(8)-, ~C(S)-(alkylene or substituted alkylene)-, -N(R")-, -MR’-(alkylene or substituted alkylene)-,
~C(O)N(R)~, ~CON(R”)~(alkylene or substi.tuted alkylene)-, -CSN(R”)-, -CSN(R*)-(alkylene or substituted
alkylene)-, -N(R)CO-, -N(R")CO~(alkylene or substituted alkylene)-, -N(R*)C(C)0-, ~SOWN(R?)-,
“NRJC(OIN(R")-, -N(R?)T(S)N(R)~, -N(R™)S(O)NR)-, -N(R*)-N=, -C(R”)=N-, -C(R")=N-N(R’)-, -
C(R7)=N-N=, ~C(R*);-N=N-, and ~C(R");"N(R?)-N(R")-, where each R’ is independently H, alkyl, or substituted
alkyl; ' .

Ry is M, an amino protecting group, resin, amino acid, polypeptide, or ﬁolynucleotide; and’

R; is OH, an ester protecling group, resin, amino acid, polypeptide, or polynﬁolcotidc;. .

each of Rs and R, is independently H, halogen, lower alkyl, or substituted lower aikyl, or R and R4 or two R, groups
optionally form a cycloalkyl or a heterocycloalkyl;

each R, is independently selected from the group comsisting of H, halogen, alkyl, -NO,, -CN, substituted alky], -
N(R")a, -CLOWR’, -CLON(R™)z, ~OR’, and -S(ORR?, where kis 1,2, or 3;

M is H or-CHaRg;

R; is alkyl, substituted aiky), alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide, cycloalkyl, substituted
eycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterosycle, substituted heterocycle, alkaryl,
substituted alkaryl, aralkyl, substituted aralkyl, ~C(O)R”, -C(0)O >, ~C(O)N(R™),, ~-C(OYNHCH(R"),, -
(alylene or substituted alkylene)-M(R"),, -(alkenylenc or substituted alkenylene)-N(R™),, -(alkylene or
substituted alkylene)-{ary] or substituted aryl), -(alkenylene or substituted alkenylene)-(ary! or substituted aryl),
~(alkylene or substituted alkylene)}-ON(R”),, -(alkylene or substituted alkylene)-C(O)SR?, -(alkylene ar
substituted atkylene).S-S-(aryl ar substituted aryl), wherein each R” is independently hydrogen, alkyl,
substituted aik}l; alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryt,
substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted )
aralkyl, or -C(O)OR’; . '
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or Rs is L-X, where, X is a selected from the group consisting of a label; a dye; a polymer; a water-Soluble polymer;
a derivative of polyethylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; a
photeaffinity label; a reactive compound; a resin; a second protein or polypéptide or polypeptidé analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a
DNA; a RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a cyclodextrin, a
biomaterial; a nanoparticle; a spin label; a fluorophore, a metal-containing moiety; a radivactive moiety; a novel
functional group; 2 group that covalently or noncovalently interacts with other molecules; a photocaged moiety;
an actinic radiation excitable moiety; a ligand; a photoisomerizable moiety; biotin; a biotin analogue; a moiety
}nmrﬁomﬁng a beavy atom; a chemically cleavable group; a photocleavable group; an elongated side chain; a
carbon-linked sugar; a redox-active agent; an amino thicacid; = toxic molety; an isotopically labeled moiety; a
biophysical probe; 2 phosphorescent group; a chemiluminescent group; an electron dense group; a magnetic
group; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; a detectable
label; a small molegule; an inhihitor;( ribonucleic acid; a radionucleotide; a newtron-capture agent; a derivative
of biotin; quantum dot(s); a nanotransmitter; a radiotransmister; an abzyme, an activated complex activator, 2
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an apiamer, a guide
RNA, 2 saponin, & shuttle vector, a macromolecule, a mimotope, a receptar, a.reverse micelle, and any
combination thereof; and L. is optionaf, and when present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)-, -
(akylenc or substituted alkylene)-O-, ~C(Q)-, -C(0)-(alkylene or substituted alkylene)~, ~(alicylene or
substituted alkylene)-C(0)-, -C{O)N(R’)-, -C(OIN(R")-(alkylene or substituted alkylene)-, -(alkylene or
substituted alkylene)-C{O)N(R?), -OC(O)N(R’)-, <OC(OIN(R*)-(alkylene or substituted alkylene)-, «(alkylene
or substituted alkylene)-OC(OIN(R’)-, -N(R*)C(0)-, -NR*C(O)-(alkylene or substituted alkylene)-, -(alkylene

= * orsubstituted alkylene}-NR’C(Q)-, -S-, -S-(alkylene or substituted alkylene)-, -S(O}- where k is 1,2, or 3, -
S(O)y(alkyiene or substituted atkylene)-, -C(S)-, -C(S)-(alkylene or substituted aikylene)-, -CSN{R™)-,
-CSN(R")-(alkylene or substituted alkylene)~, -N(R*)CO-(alkylene or substituted alkylene)-, -NR)C(O)0-, -
(alkylene or substituted alkylene)-Q-N=CR’-, -(alkylene or substitut;zd alkylenc)-C(OYNR -{alkylene or
substitute.d alkylene)-, -(alkylene or substituted alkylene)-S(0),-( alkylene or substituted alkylene)-S-, -
(alkylene or substituted alkylene)-S-S-, ~S(ORN(R)~, “N(R*YC(OIN(R’}-, N(RNC(SIN(R)~,
“NRISOINR)-, -NR)-N=, -C(R")=N-, ~-CR*)=N-N(R?)~, -C(R")=N-N=, -C(R*),-N=N-, and
-C(R")NR)-NR)-

or Rs and any R, optionally form a cycloalky! or a heterocycloalkyl;

, ., each R’ is independently H, alkyl, or substituted alkyl;

o8

B .

‘H.‘t is selected from the group consisting of a monocyclic aryl ring, a bicyclic ary! ring, a multicyclic
aryl ring, a monocyc¢lic heteroaryl ring, a bicyclic heteroaryl ring, and a muiticyclic heteroary] ring;

A is independently CR,, or N; and
B is independently CR,, N, O, or S.

R~ P '

The structure ‘2"1 D/

“A," “B,” “R,,” and the other substituent represented by the line and squiggle; rather these four features of this
59

(as presented in all examples herein} does not present the relative orientations of
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structure may be oriented in any chemically-sound manner (along with other features of this structure), as illustrated
by example herein, .

[0246] One embodiment of the non-natural amino acid containing a protected aldehyde moiety has the structure
of Formnla (E),

Rj
RaS L\Q/RG
RI\N Ra -
* . «H R o (B)

wherein:

L is optional, and when present is lower alkylene, substituted lower alkylene, lower cycloalkylene, substituted lower
eycloalkylene, lower alkenylene, substituted lower atkenylene, alkynylene, lower he.teroalkylcne, substituted
heteroalkylene, lower heterocycloalkylene, substituted Iower heterocyclball::ylene, arylene, substituted arylene,
heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or substituted
aralkylene; ) ) )

Q is optional, and when present is a linker selected from the group consisting of lower alkylene, substituted Jlower.
alkylene, lower alkenylene, substituted lower alkenylene, lower heteroalkylene, substituted lower
heteroalkylene, ~O-(alkylene or substitutezi alkylene)-, -S~(alkylene or substituted alkylene)-, where kis 1, 2, or
3, -S(O){alkylene or substituted alkylene)-, -C(O)-(alkylene or substitnted alkylene)-, -C(S)-(alkylene or
substituted alkylene)-, NR’~(alkylene or substituted alkylene)-, -CON(R™)-(alkylene or substituted alkylene)-, -
CSN(R”}-, -CSN(R")-(alkylene or substituted alkylene)-, -N(R*)CO-(alkylene or substituted alkylene)-, and
whese each R’ is independently H, alkyl, or substituted alkyl;

R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R, is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide:

each of R; and R, is independently H, halogen, lower alkyl, or substituted lower alkyl, or Ry and R, or two Ry groups
optionally form a cycloalkyl or a heterocycloalkyl;

each R, is independently selected from the group consisting of H, halogen, alkyl, ~NOa, ~CN, substituted alkyl, -
N(R’)z, -C{OXR?, -C(OIN(R')z, ~OR’, and -S(O)R’, where k is 1, 2, or 3;

Rg is an aldehyde, a protected aldehyde or a masked aldchyde, wherein the protectmg group includes, but is not

S T e T

. x ) '

limited to, RO OR'; \-—/ l . ‘77" Xz .?7- %2 , where each X, is
independently selected from th; group consisting of -0-, -S-, -N(H)-, ~N(R)-, ~N(Ac)-, and =N(OMe)-; X, is —
OR, -0Ac, SR, ~N(R)z, -N(R)(Ac), -N(RYOMe), or N3, and where each R’ and R is independently H, alkyl, or
substituted alkyl.

Such non-natural amino acids may also be in the form of a salt, or may be incorporated into 2 non-natural amino

acid polypeptide, polymer, or a polynucleotide, Such non-natural amine acids may also be incorporated into 2 non-

natural amino acid polypeptide and then post-translationaily modified by deprotecting to form an aldehyde group

“in-situ” followed by reductive amination of the aldehyde with an aromatic amine containing reagent, thereby

forming non-natural 2mino acids having the structure of Formula (D) as part of the non-natural amino acid

polypeptide. In addition, non-natural amino acids having the structure of Formula (E) may also be incorporated into

a polymer or 2 polynucleotide and are deprotecting to form an aldehyde group “in-sity” followed by reductive
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amination of the alélehyde with an aromatic amine containing reagent thereby forming non-natusal amine acids
having the structure of Formula (D) as part of the palymer, or polynucleotide. X '
10247] Non-litniting examples of such non-natural amino acids containin.g protected aldehyde moieties are
shown in FIG. 17. ’

5 10248} Compounds of Formula (D) may be formed, after deprotection of the aideh)}de group of componnds of
Formula (B), followed by the reductive amination of compounds of Formula (D) with aromatic amine containing
reaéents. Such aromatic amine containing reagents have the structure corresponding to

y ™
e O
» Wherein,

bicyclic aryl ring, 2 multicyclic ary! ring, a monocyclic heteroaryl ring, a bicyclic heteroary! ring, and 2 multicyclic

» .

is selected from the group consisting of a monecyclic aryl ring, a

10 heteroaryl ring; |

A is independently CR,, or N; and . .

B is independently CR,, N, O, or S. ' .

each R,is indepenécnﬂy sefected from the group conisisting of 1, halogen, alkyl, -NO,, ~CN, substituted alky), - -
N(R)3, ~C(OXR’, -C{OIN(R ")z, ~OR’, and -S{O)R’, where kis 1,2,0r3;:nis0, 1,2, 3,4, 5, cr 6;

15 MisHor—CHgRs :

R; is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
alkylalkoxy, substituted alkylalkoxy, p’olyalkylene oxide, substituted polyalkylene oxide, cycloalkyl, substituted
cycloalkyl, aryl,.substituted aryl, heteroaryl, substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl,
substituted alkaryl, aralky], substituted araikyl, ~C{O)R”, .C(O)OR”, ~-C{OIN(R™);, ~-C(OYNHCH(R™),, -

20 - (a.lkylene or substituted alkylene}-N(R”),, -(alkenylene or substituted alkenylene)-N(R™),, ~(alkylene or
substituted alkylene)-(aryl or substituted aryl), -(alkenylene or substituted alkenylene)-(aryl or substituted aryl),
~(atkylene or substituted alkylene)-ON(R™),, -(alkylene or substituted alkylene)-C{O)SR”, (alkylene or
substituted alkylene)-S-S-(ary] or substituted aryl), wherein each R” is independently hydrogen, alkyl,
substifuted alkyl, alkenyl, substituted alkeny), alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl,

5 $ubstituted heteroaryl, heterocyele, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted

aralkyl, or -C(O)OR’;

or Rs is L-X, where, X is a selected from the group consisting of a label; a dye; a polymer; a water-soluble polymer;

a derivative ofpolyeth'yleﬁe glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinjty label; a
photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an

0 antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a

DNA; a RNA; an antisense polynucleatide; a saccharide, a water-soluhle dendrimer, a cyclodextrin, a
biomaterial; a nanoparticle; a spin label; a fluorophore, a metal-containing moiecty; a radicactive moiety; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; a photocaged moiety;
an zactinic radiation excitable moiety; a ligand; a photoisomerizable moiety; biotin; a biotin analogue; a mojety

3 incorporating 2 heavy atom; a chemically cleavable group; a photocleavable group; an elongated side chain;

carbon-linked sugar; a redox-active agent; an amino thicacid; a toxic moiety; an isotopically labeled moisty; a

biophysicat probe; a phosphorescent gronp; a chemiluminescent group; an electron dense group; a magnetic

group; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; a detectable

Tabel; 2 small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; 2 derivative
) of bictin; quantum dot(s); a nanotransmitter; 2 radjotransmitter; an abzyme, an activated complex activator, 2
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virus, an adjuvant, an aglycan, an allergan, anangiostatin, an antihormone, an astioxidant, an aptamer, a guide
RNA, a saponin, a shuttle vector, a macromolecule, a mimotope, a receptor, a reverse micelle, and any
combination thereof; and L is opﬁqnal, and wﬁen present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted altkenylene, ~O-, ~O-(alkylene or substituted alkylene)-, -
{alkylene or substituted alkylene)-O-, -C{Q)-,;-C(O}-(alkylene or substituted alkylene)~, «(alkylene or
substituted alkylene)-C(O)-, -C(O)’N(R’)-, -C(OYN(R")~(alkylene or substituted alkylene)-, -(alkylene or
substituted alkylene)-C(OIN(R?), ~OC(O)N(R -, ~OC(ON(R}-(alkylene or substituted alkylene)-, -(alkylene
or substituted alkylene)-OC(ONR")~ -N(R")C(O)-, -NR*C(O)~(alkylene or substituted alkylene)-, -(atkylene
or substituted alkylene)-NR’C(0)-, -S~, -S-(alkylene or substituted alkylene)-, -S(O}~ where kis 1,2,0r3, ~
S§(O)(alkylene or substituted alkylene)-, ~C(8)-, -C(S)~(aikylene or substituted alkylene)- ~-CSN(R")-,
~CSN(R”)-(alkylene or substituted alkylene)-, N(R*HCO-(alkylene or substituted ajkylene)., MR YC(C)O-, -
(alk):lene or substituted alkylene)-O-N=CR’-, -(alkylene or substituted alkylene)-C(O)NR’-(alkylene or
substituted alkylene)-, -(atkylene or substituted alkylene)-S{O)-( alkylene or substituted alkylene)-8-, -
(alkylene or substituted alkylene)-§-8-, -S(Q)MN(R’)-, “N(R)C(OINR")-, -N(R*IC(SIN(R")-,

- “N(R)S(O)NR")-, -NR*)-N=, -C(R")=N-, ~C(R")=N-N(R")-, -C(R")=N-N=, -C(R’);-N=N-, and .
=C(R*),-N(R)-N(R")~; wherein each R’ is independently hydrogen, alkyl, substituted alkyl, alkenyl, substltutcd
alkenyl, alkoxy, substituted alkoxy, substinuted alkylene, alkenylene, substituted alkenylene, alkyny!ene, '
substituted alkynylene, aryl, substltuted aryl, heteroaryl, substituted heteroaryl, heterocycle, substituted
heteracycle, alkaryl, substituted alkaryl, aralkyl, or substituted aralkyl, .

[0249i A non-Jimiting exemplary synthesis of non-natural amino acid polypeptides containing amino acids of
Formula (D) as presented in FIG. 18, wherein protected aldehyde moicties of non-natusal amino acids of Formula
(E) contained in polypeptides are initially deprotected to give non-natural amino acids containing aldehyde moieties
incorporated into non-natural amino acid polypeptides. Such aldehyde moieties are then reductively aminated with
aromatic amine-containing reagents described above io give polypeptides containing non-natural amino acids of
Formula (D). Such reactions may also be applied to non-natural amino acids incorporated into syntheiic poiymers,
polysaccharides, or polynucleotides, Additionally, such reactions may be applied o non-incorporated non-natural
amino acids. By way of example the protected aldehyde is deprotected by acid catalyzed deprotection. By way of
example only, reductive amination may accur in aqueous buffers with a pH of about 4 to about 7 and using a mild
reducing agent, such as, by .way of example only, sodium cyanoborohydride (NaBCNH;). In addition, other
reducing agents may be used forreductive alkylation including, but not limited to, TCEP, Na,S, Na;S;04, LiAlHs,
BzHg, and NaBH,.

[0250] Shown in FIG. 19 are a non-limiting representation of the formation of non-natural amino acids of
Formula (C) by reductive alkylation of the aromatic amine moiety of non-natural amino acids of Formula (A), and a
non-limiting representation of the formation of non-natural amino acids of Formula (D) by reductive amination ofa
deprotected aldchyde moitty on non-patural 2mino acids of Formula (E). Depicted in FIG. 19 is the specificity and
selectivity of the reductive alkylation reaction, wherein only the aromatic amine moiety of non-natural amino acids
of Formula (A) is reductively alkylated while other amine moieties, thiols and disulfide bonds are not reduced or do
not react under the reaction conditions used. Also depicted in FIG, 19 is the specificity and selectivity of the
reductive amination reaction, wherein only the deprotected aldehyde moiety of non-natural amino acids of Formula
(E)} is reductively aminated while other caboxylate moieties, thiols and disulfide bonds are not reduced or do not
react under the reaction conditfons used. Such selective, site-specific derivatizations, reductive alkylation or
reductive amination reactions may allow for modification of polypeptides/proteins to design agonists andfor
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antagonists, sitc-gpéciﬁc pegylation of polypeptides/proteins, site-specific conjugation of polypeptides/proteins,
prodrug design, polypeptide/protein glycosylation, polypeptide/protein dimerization, .small molecule drug
caonjugates ofpolypéptideslproteins, and small molecule drug conjugates of antibodies.

[0251] Modification of non-natural amino acids described herein using reductive alkylation or reductive
amination reactions have any or all of the following advantages. First, aromatic amines can be reductively alkylated
with carbonyl-containing compounds, including aldehydes, and ketones, in a pH range of about 4 to about 10 (and in
certain embodiments- in & pH range of about 4 to about 7) to generate substituted amine, including secondary and
tertiary amine, linkages. Second, under these Teaction conditians the chemistry is selective for non-natural amino
acids as the sidechains of naturally occurring amino acids are unreactive. This allows for site-specific derivatization
of polypeptides which have incorporated non-natural amino acids coritaining aromatic amine moietics or protected
aldehyde moieties, including, by way of example, recombinant proteins. Such derivatized pofypeptideé and proteins
can fhereby be prepared as defined homogencous products, Third, the mild conditions needed to effect the reaction
of an eromatic amine moiety on an amino acid, which has been incorporated into a polypeptide, with an aldehyde-
containing reagent generally do not jrreversibly destroy the tertiary structure of the polypeptide (excepting, of
course, where the purpose of the reaction.is to destroy such tertiary structure). Similarly, the mild conditions needed
to effect the reaction of an aldehyde moiety on an amino acid, which has been incorporated into a polypeptide and
deprotected, with an aromatic amine-containing reagent generally do not irreversibly destroy the tertiary structure of
the polypeptide (excepting, of course, where the purpose of the reaction is to destroy such tertiary structure). Fourth,
the reaction occurs rapidly at room temperature, which allows the use of many types of polypeptides or reagents that
would otherwise be unstable at higher temperatures. Fifth, the reaction occurs readily is aqueous conditions, again
allowing use of polypeptides and reagents incompatible (to any extent) with non-aqueous solations. Six, the reaction
oceurs readily cven when the ratio of polypeptide or amino acid to reagent is stoichiomeiric, stoichiometric-fike, or
near-stoichiometzic, so that it is unnecessary to add excess reagent or polypeptide to obtair a useful amount of
reaction product, Seventh, the resulting amine can be produced regioselectively and/ar {'ég.iospcc'iﬁéal'ly', é’;ﬁ&?,ciﬁi{;' -
upon the design of the amine and carbonyl ;iortions of the reactants, Finally, the red.uctive atkylation of aromatic
amines with aldehyde-containing reagents, and the reductive amination of aldehydes with aromatic amine containing
reagents, generates amine, including secondary and tertiary amine, linkages which are stable under biological
conditions. L
[0252] Shown in FIG. 20 are non-limiting examples of the specificity and selectivity of the reductive alkylation
of aromatic amine moieties on amino acid residues next to a cysteine residue, “The reductive alkylation of reduced
urotepsin-If (UT-II-SH) with propionaldehyde (I) or benzaldehyde (II) " demonstrates that ons product is
predominantly formed from the respective reactions, and that the fres thiol group did not react, Also shown in FIG,
20 are the speed of the reactions, which was about 2 hours, and the stoichiometric or near-stoichiometric relationship
between the reduced urotensin-H (UT-II-SH) and the respective aldehyde containing reagents. Additionally, the MS
data for UT-11-8H, 1, and 1I are presented.

[0253) Shown in FIG. 21 are non-limiting examples of the specificity and selectivity of the reductive alkylation
of aromatic amine moieties on amino acid residues next to a cysteine residue, The reductive alkylation of urotensin-
1i (UT-II) with propionaldehyde (1) or benzaidehyde (I1) demonstrates that one product was predominantly formed
from the respective reactions, and that the disulfide bond did not react. Also shown in FIG. 21 are the speed of the
reactions, which was about 2 hours, and the stoichiometric or near-stoichiometric refationship between the
urotensin-1[ (UT-II) and the respective aldehyde containing reagents. Additionally, the MS data for UT-I1-SH, 1, and
11 are presented.
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[0234]  Further non-limiting examples of the specificity and selectivity of the reductive alkylation reactions of
aromatic amine moieties on terminal amino acid residues are shown in FIG. 22, wherein the reductive alkylation of
peptide XT-8 with propionaldehyde (i), benzaldehyde (U), isobutaldehyde (11} and pivalaldehyde (V),

" demonstrates that one product was predominantly formed from the respective reactions, and that the disulfide bond

did pot react. Alsa shown in FIG. 22 are the speed of the reactions, which was about 2 hours, and the stoichiometric
or near-stoichiometric relationship between the XT-8 and the respective aldehyde containing reagents. Additionally,
the MS data for XT-8, 1, 11, IiI, and IV are presented, '
[0255] Further non-limiting examples of the specificity and selectivity of the reductive afkylation reactions of
aromatic amine moieties on amino acld residues which are next to varjous N-terminal amino acids are shown in
FIGS. 23-27. Tn FIG. 23 the reductive alkylation of peptide SXT-9 (N-terminal serine) with propionaldehyde (1),
benzaldehyde (), isobutaldehyde (11I) and pivalaldehyde (1V), shows the speed of the reactions, which was about 2
hours, and the stoichiomeiric or near-stoichiometric relationship between the SXT-9 and the respective aldehyde
containing reagents. In addition, FIG. 23 demonstrates that one product was predominantly formed from the
respective reactions, that the disulfide bond did not react, and that the N-Ser residue has minimal effect on the
selectivity. Additionally, the MS data for SXT-9, ], I, ILl, and IV are presanted. .
10256] In FIG. 24 the reductive alkylation of peptide HXT-9 (N-terminal histidine) with propionaldehyde (i);
benzaldehyde (II), isobutaldehyde (111) and pivalaldehyde (IV), shows the speed of the reactions, which was about 2
hours, and the stoichjometric or near-stoichiometric relationship between the HXT-9 and the respective aldehyde
containing reagents. In addition, FIG. 24 demonstrates that one product was predominantly formed from the
respective teactions, that the disulfide bond did not react, and that the N-His residue has minimal effect on the
selectivity. Also, the MS data for HXT-9, I, II, 1L, and IV are shown,

[6257] In FIG. 25 the reductive alkylation of peptide WXT-9 (N-terminal tryptophan) with propionaldehyde (1),
benzaldehyde (I1), isobutaldehyde (IIf) and pivalaldehyde (IV), shows the speed of the reactions, which was about 2
hours, and the stoichiometric or near-stoichiometric relationship between the WXT-9 and the respective aldchyde
containing reagents. In addition, FIG. 25 demonstrates that one product was predominantly formed {rom the
respective reactions, that the disuifide bond did not react, and that the N-TTp residue has minimal effect on the
selectivity. Alsa, the MS data for WXT-9, 1, 1, and I1X are shown. '

[0258] In FIG. 26 the reductive alkylation of peptide NXT-2 (N-terminal asparagine) with propionzldehyde (I),
benzaldehyde (IL), isobutaldehyde (1) and pivalaldehyde (IV), shows the speed of the reactions, which was about 2
hours, and the stoichiometric or near-stoichiometric relationship between the NXT-9 and the respective aldehyde
containing reagents. In addition, F1G. 26 demonstraies that one product was prcdominani]y formed from the
respective reactiops, that the disulfide bond did not react, and that the N-Asn residue has minimal effect on the
selectivity. Also, the MS data for NXT-9, 1, and IT are shown.

{0259} In FIG. 27 the reductive alkylation of peptide RXT-10 (N-terminal arginine) with propionaldehyde (1)
and benzaldehyde (1Y) shows the speed of the reactions, which was about 2 hours, and the stoichiometric or near-
stoichiometric relationship between the RXT-10 and the respective aldehyde containing reagents. In addition, FIG.
27 demonstrates that one product was predominantly formed from the respective reactions, that the disulfide bond
did not react, and that the N-Arg residue has minimal effect on the selectivity. Also, the MS data for RXT-10, I, and
1] are shown.

{0260] A further non-limiting example of the specificity and selectivity of the reductive alkylation reactions of
aromatic amine moieties-on amino acid residues in a peptide is shown in FIGS. 28, wherein the reductive aikylation
of peptide AXT-11 with propionaldehyde (1) and benzaldehyde (I1) shows the speed of the reactions, which was
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about 2 hours, and the stoichiometric or near-stoichiometric relationship between the AXT-11 and the respective
aldehyde containing reagents.. In addition, FIG. 28 demonstrates that one product was predominantly formed from
the respective reactions, that the disulfide bond did not react, and that the N-Ala residue has mintmal effect on the
selectivity. Also MS data for AXT-11, I, and II are presented.

10261)

Further non-limiting examples of the specificity and selectivity of the reductive alkylation reactions of

aromatic amine moieties on amino acid residues in a peptide with various aldehyde containing reagents are shown in
FiG$. 29-30, In FIG. 29 the reductive alkylation of peptide AXT-11 with various aldehyde containing reagents
shows the speed of the reactions, which was about 5§ hours, and the sfoichiometric or near-stoichiometric
relationship between the AXT-11 and the respective aldehyde containing réagents. In addition, FI1G. 29 demonstrates
that one product was predominantly formed from the respective reactions, and that the disulfide bond did not react.
Also, MS data for AXT-11, 1, II, and I are presented. In FIG, 30 the reductive alkylation of peptide AXT-11 with
various heteroaromatic aldehyde containing reagents shows the speed of the reactions, which was about 5 hours, and ~.
the stoichjometric or near-stoichiometric relationship between the AXT-11 and the respective aldehyde containing
reagents. In addition, FIG. 30 demonstrates that one pfoduct was predominanﬂ); formed from the respective

[0262]

* reactions, and that the disulfide bond did not reaqf. Also, MS data for AXT-11, IV, V, VI are presented,

FIGS. 31-33 show non-limiting examples of the ’speciﬁcity and selectivity of the reductive alkylation

reactions of aromatic amine moieties on amino acid residues in a peptide, wherein the aromatic amine moicties are

reacted with cithér an aldehyde containing reagent, a ketone containing reagent or a mixture thereof. In FIG. 31 the
reductive alkylation of peptide AXT-11 with an aldehyde containing reagent, a ketone containing reagent or a -
mixture thereof shows the speed of the reactivns, which was about 2 hours, and the stoichiometric or near-
stoichiometric relationship between the AXT-11 and the respective aldehydé containing reagents. In addition, FIG.
31 demonstrates that under the reaction conditions used, only the aldehyde containing reagent reacted with the
aromatic amine moicty and only one product was predominantly formed. Again, the disulfide bond did not react. In
FIG. 32 the reductive alkylation of peptide NXT-8 with an aldeh)'-de containing reagent, a ketone containing reagent

or a mixture thereof shows the speed of the reactions, which was about 2 hours, and the stoichiometric or near-
stoichiometric relationship between the NXT-10 and the respective aldehyde containing reagents. In addition, FIG.
32 demonstrates that under the reaction conditions used, only the aldehyde containing reagent reacted with the
aromatic amine mojety and only one product was predominantty formed. Again, the disulfide bond did not react. In
FIG, 33 the reductive alkylation of peptide MXT-9 with an aldehyde containing reagent, a ketone containing reagent
or a mixture thereof demanstrates that under the reaction conditions used, only the aldehyde containing reagent

reacted with the aromatic amine moiety and only one product was predominantly formed. Again, the disulfide bond

did not react. e

10263]

A non-limiting example of the deprotecting {or unmasklng) of a protecied (or masked) aromatic amine

mojety on an amine acid in a peptide, followed by reductive alkylation of the resulting aromatic amine moiety with
various aldehyde containing reagents is shown in FIG. 34. Reduction of the azide on peptide MXT-9-N3 with TCEP
gave the primary aromatic amine.moiety on peptide ‘MXT-9NH2 @. Subsequent reductive alkylations of MXT-
9NH2 (I) with propionaldehyde (11) or benzaldehyde (III) then yields the corresponding alkylated peptides, FIG. 34
demonstrates the ability to form aromatic amine moieties after incorporation of a non-natural amina acid containing

a protected or masked amine group. Also shown are the speed of the reactions, which was about 1 hour, the
stoichiometric or near-stoichiometric relationship between the MXT-9NH2 (I) and the respective aldehyde

D,

- containing reagents, only one product was predominantiy formed, and the thiol groups did not react.

Cellular Uptake of Non-Natural Amine Acids
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[0264) Non-natural amino acid uptake by a cell is one issne that is considered when designing and selecting
non-natural amino acids, including but not limited to, for incorporation into a protein. For example, the high charge
*density of a-amino acids suggests that these compounds are uniikely to be cell permeable. Natural aminc; acids are
taken up into the eukaryotic cell via a collection of protein-based transport systems. A rapid screen can be done
which assesses which non-natural amine acids, if any, are taken up by cells. See, e.g,, the toxicity assays'in, e.g., the
U).S¢ Patent Pubhcatlon No. 2004/198637 entitled “Protein Arrays,” which is herein mco:porated by reference in its
entirety; and Liy, D. R & Schuiltz, P.G. (1999) Progress toward the evolution of an organism with an expanded
genetic code, PNAS United States 96:4730-4785. Although uptake is easily analyzed with various assays,-an

alternative to designing non-natural amino acids that are amenable to cellular uptake pathways is to provide

" biosynthetic pathways to create amino acids i vivo.

E, Biosynthesis of Non-Natural Amino Actds .

[0265] Many biosynthetic pathways already exist in cells for the production of amino acids and other
compounds, While a biosynthetic method for a particular hon-natural amine acid may not exist in nature, including
but not limited to, in a cell, the methods and compositions described herein provide such methods. For example,
biosynthetic pathways for non-natural amino- acids are optionally generated in host cell by adding new enzysnes or
modifying existing host cell pathways. Additional new enzymes are optionally naturaily oceurring enzymes or
artificially evolved enzymes. For example, the biosynthesis of p-aminophenylalanine (as presented in an example in
WO 2002/085523 entitled “In vivo incorporation of unnatural amino acids”) relies o the addition of a combination
of known enzymes from other organisms. The genes for these enzymes can be introduced into a eukaryotic cell by
transforming the cell with a plasmid comprising the genes. The genes, when expressed in the cell, provide an
enzymatic pathway to synthesize the desired cornpound. Examples of the types of enzymes that are optionally added
are provided in the examples below, Additional enzymes sequences are found, for example, in Genbank. Artificially
evolved enzymes are also optiopally added into a cell in the same manner. In this manner, the cellular machinery

- apd resourges of a cell are manipulated to produce non-natural amino acids.

[0266) A variety of methads are.available for praducing novel enzymes for use in biosynthetic pathways or for
evolution of existing pathways. For example, n:ecursiw: recombination, including but not limited to, as developed by
Maxygen, Inc. (available on the world wide web at www.maxygen.com), is optionally used to develop novel
enzymes and path;vays. See, e.g., Stemmer (1894), Rapid evolution of a protein in vitro by DNA shuffling, Nature
370(4):389-391; and, Stemmer, (1994), DNA shuffling by random fragmentation and reassembly: In vitro
recombination jor molecular evolution, Proc. Natl. Acad. Sci. USA., 91:10747-10751. Similarly DesignPath™,

" developed by Genencor (available’ on the worid -wide web at genencor.com) is optionally used for metabolic

pathway engineering, including but not limited to, to engineer a pathway to create O-methyl-L-tysosine in a cell,
This technology reconstructs existing pathways in host organisms using a combination of new genes, including but
not limited to, those identified through functional genomics, and molecular evolution and design. Diversa
Corporation (available on the world wide web at diversa.com) also provides technology for rapidly screening
libraries of genes and gene pathways, including but not limited to, o create new pathways.

[0267] Typically, the non-natural amino acid produced with an engineered biosynthetic pathway as described
herein is produced in a coricentration sufficient for efficient protein biosynthesis, including but not Jimited o, a
natural celiutar amount, but not to such 2 degree as to affect the concentration of the other amino acids or exhaust
cellular resources. Typical concentrations produced i vivo in this manner are about 10 mM to about 0.05 mM. Once
a cell is transformed with a plasmid comprising the genes used to produce enzymes desired for a specific pathway
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and a non~-natural amino acid is generated, /i vivo selections are optionally used to further optimize the production
of the non-natural amino acid for both ribosomal protein synthesis and cell growth.

F - Additional Synthetic Methodology )

16268} ‘The non-natural amino acids described hercin tmay be synthesized using methodologies described in the
art or using the techniques described herein .or by a combination thereof.” As an aid, the following table provides
various starting electrophiles and nucleophiles that may be combined to create a desired fimctional group, The
information provided is meant to be illustrative and not Iimiting to the synthetic techniques described herein,

Table: Examples of Covalent Linkages and Erecursnrs Thereof . .

7 Coe T, T T O, Bl 2 A ey %
Carboxamides Actwated estcrs . ammcslamlm es
Carboxamides acyl azides amines/anilines
Carboxamides acyl halides amines/anilines

Esters acyl halides alcohols/phenois
Esters acyl nitriles alcohols/phenols
Carboxamides acyl nitriles amines/anilines
. Imines : Aldehydes aminesfanitines
Hydrazones aldehydes or ketones Hydrar:ines
Oximes - aldehydes or ketones Hydroxylamines
Alkyl amines alkyl halides amines/anilines
Esters alkyl halides carboxylic acids
* Thioethers ] allkey! halides . Thiols
Ethers. alky] halides aleohols/phenols.
Thioethers alkyl suifonates ’ : Thiols ~
Esters alky! sulfonates . . . carboxylic acids
Ethers alkyl sulfonates alcohols/phenols
Esters ) Anhydrides aleehols/phenols
. Carboxamides . Anhydrides amines/anilines
Thiophenols ;u'yl halides Thiols
Aryl amines aryl halides Amxnes
Thiogthers Azindines Thiols
Boronate esters Boronates Glycols
Carboxamides i carboxylic acids amines/anilines
Esters carboxylic acids ] Alcohols
N-acylureas or Anhydrides carbodiimides carboxylic acids
Esters diazoalkanes carboxylic acids
Thioethers Epoxides Thiols
Thioethers . haloacetamides Thiols
Ammotriazines halotriazines amines/anilines
Triazinyl ethers . . halotriazines alcohols/phenols
Amidines . , imidoesters amines/anilines
Ureas Isocyanates amines/anilines
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Urethanes Isocyanates alcohols/phenols
Thioureas isothiocyanates amines/anilines
Thioethers Maleimides Thiols
-Phosphite esters phospharamidites Alcohols
Silyl cthers silyl halides Alcchols
Alkyl amines sulfonate esters amines/anilines
Thioethers sulfonate esters + Thiols
Esters sulfonate esters carboxylic acids
Ethers sulfonate esters Alcahols
Sulfonamides sulfonyl halides amines/anilines
Sulfonate esters sulfonyl hatides phenols/alcohols

[0269] In general, carbon electrophiles are susceptible to attack by complementary nucleophiles, including
carbon nucleophiles, wherein an attacking nucleophile brings an electron pair to thc carbon electrophile in order to
form a new bond between the nncleophile and the carbon electrophile.

[0278} Suijtable carbon nucleophlles include, but are not limited to alkyl, alkeny), aryl and alkynyl Grignard,
organelithium, organozine, alkyl-, alkenyf , aryl- and alkynyl-tin reagents (organostannanes), alkyl-, alkenyl-, aryl-
and alkynyl-borane reagents (organoboranes and organoboronates); these carbon nucleophiles have the advantage of
being kinetically stable in water or polar organic solvents. Other carban nucleophiles include phosphorus ylids, cnol
and enolate raagents; these carbon nucleophiles have ‘the advantage of being relatively easy to generate from
precursors well known to those skilled in the art of synthetic organic chemistry. Carbon nucleophiles, when used in
oonjunctmn with carbon electrophsles, engender new carbon-carbon bonds between the carbon nuslenphﬂe and
carbon elcctrophlle. N ) o

[0271) Non-carbon nucleophiles suitable for coupling to carbon electrophiles inchude but are not limited fo
primary and secondary amines, thiols, thiolates, and thioethers, alcohols, alkoxides, azides, semicarbazides, and the
like., These non-carbon nucleophiles, when nsed in conjunction with carbon electrophiles, typically generate
hcterpatom linkages (C-X-C), wherein X is a hetereoatom, e.'g, oxygen or nitrogen.

[ 44 Polppepiides with Non-netural Antino Acids -

[0272] The compositions and methods described herein provide for the incorporation of at least one non-natural
amino acid into a polypeptide. The non-natural amino acid may be present at any location on the polypeptide,
including any terminal position or any internal position of the poiypeptid.e. Preferably, the non-natural amino acid
does not destroy the activity and/ar the testiary structure of the polypeptide relative to the homologous naturally
occurring amino acld polypeptide, unless snch destruction of the activity and/or tertiary structure was one of the
purpuses of incorporating the non-natural amino acid into the polypeptide. Further, the incorporation of the non-

- matural amino acid into the polypeptide may madify to some extent the activity {e.g,, manipulating the therapeutic

effectiveness of the polypeptide, improving the safety profife of the polypeptide, adjusting the pharmacokinetics,
pharmacologics and/or pharmacodynamics of the polypeptide (e.g., increasing water solub;‘lity, bioavatlability,
increasing serum halflife, increasing therapeutic haif-life, modulating immunogenicity, modulating biological
activity, or extending the circulation time), providing additional functionality to the polypeptide, incorporating 2 tag,
label or detectable signal into the polS’pcptide, easing the isolation properties of the polypeptide, and any

" combination of the aforementioned modifications) and/or tertiary structure of the polypeptide relative to the

homologous naturally-occurring amino acid polypeptide without fully causing destruction of the activity andfor
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tertiary structute. Such modifications of the activity and/or tertiary structure are often one of the goals of effecting

- " suck incorporations, although of course, the incorporation of the non-natural amino acid into the polypeptide may *
“also have little effect on the activity and/or tertiary structure of the polypeptide relative to the Homelogous naturally-

occurring amino acid palypeptide. Cormspondiﬁgly, non-natura} amino acid polypeptides, compositions comprising
non-natural aniino acid polypeptides, methods for making such polypeptides and polypeptide compositions, methods
for purifying, isolating, and characterizing such polypeptides and polypeptide compositions, and methods for using
sich polypeptides and polypeptide compositions’are considered wnthm the scope of" thc present disclosure. Further,
the non-natural amino acid polypeptides déscribed herein may also be ligated to zmother polypeptide (including, by
way of example, a non-natural amino acid polypeptide or a naturally-oscurring amino acid polypeptide).

{6273] The non-natural amino acid polypeptides described herein may be produced biosynthetically or non-
biosyntheticaily. By biosynthetically is meant any method utilizing a franslation system {cellular or non-cellular),
including use of at least one of the following components: a polynucleotide, a.codon, a tRNA, and a ribosome, By
non-biosynthetically is meant any method not utilizing a translation system: this approach can be further divided
into methods wtilizing solid state peptide synthetic methods, solid phase peptide synthetic methads, methods that
utilize at least one enzyme, and methods that do not utilize at least one enzyme; in addition any of this sub-divisions
may overlap and many methods may utilize a combination of these sub-divisions. ] )

{0274) The methods, compositions, strategies and techniques described herein are not limited to a particular
type, class or family of polypeptides or proteins, Indesd, virtually any polypeptides may include at least one non-
natural amino acids described herein. By way of example only, the polypeptide can be homologous to a thesapeutic
protein selected from the group conmsisting of: alpha-1 antitrypsin, angiostatin, antthemolytic: factor, antibody,
apolipoprotein, apoprotein, atrial natriuretic factor, atrial natriuretic polypeptide, atrial peptide, C-X-C chemokine,
T39765, NAP-2, ENA-78, gro-a, gro-b, gro-c, IP-10, GCP-2, NAP-4, SDF-1, PF4, MIG, calcitonin, c-kit ligand,
cytokine, CC chemokine, monocyte chemoattractant protein-1, manocyte chemoattractant protein-2, monocyte
chemoattractant protein-3, monocyte inflammatory protein-1 alpha, ‘monocyte inflammatery protein-i beta,
RANTES, 1309, R83915, R91733, HCC1, T58847, D31065, T64262, CD40, CD40 ligand, c-kit ligand, collagen,
colony stimulating factor (CSF), complement factor Sa, complement inhibitor, complement receptor 1, eytokine,
epithelial neutrophil activating peptide-78, MIP-16, MCP-1, epidermal growth factor (EGF), epithelial neutrophit
actjvating peptide, erythropoietin (EPQ), exfoliating toxin, Factor IX, Factor VII, Factor VI, Factor X, fibroblast
growth factor (FGF), fibrinogen, fibronectin, four-helical bundle protein, ' G:CSP, glp-1, GM-CSF,
glucocerebrosidase, gonadotropin, growth factor, growth factor seceptor, grf, hedgehog protein, imemoglobin,
hepatocyte growth factor (hGF), hirudin, human growth hormone (hGH), human serum albumin, ICAM-1, ICAT;A-I'
receptar, LFA-1, LFA-1 receptor, insulin, insulin-like growth factor (IGF), 1GF-1, IGF-TI, interferon (IFN), IFN-
alpha, IFN-beta, IFN-gamma, any interferon-like molecule or member of the IFN family, interleukin (IL), IL-1, 1L-
2, IL-3, 14, IL-5, IL-G, IL-7, IL~8, IL-9, IL~10, IL-11, IL-12, keratinocyte growth facter (KGF), lactoferrin,
leukemia inhibitory factor, lucifcrasez neurturin, neutrophil inhibitory factor (NIF), oncostatin M, osteogenic protein,
oncogene product, paracitonin, parathyroid hormone, PD-ECSF, PDGF, peptide hormone, pleiotropin, protein A,
protein G, pth, pyrogenic exotoxin A, pyrogenic exotaxin B, pyrogenic exotoxin C, pyy, relaxin, renin, SCF, small
biosynthetic protein, soluble complement receptor I, soluble I-CAM 1, soluble interleukin receptor, soluble TNF
receptor, somatomedm, somatostatin, somatotropin, streptokinase, superantigens, staphylocdccal enterotoxin, SBA,
SEB, SEC1, SEC2, SEC3, SED, SEE, steroid hormone receptor, superoxide dismutase, toxic shock syndrome toxm

thymosm alpha 1, nssue plasmmogen activator, tumor growth factor (TGF), tumor necrosis factor, tumor nccms:s
factor alpha, tumor necrosis factor bcta tumor necrosis factor receptor (TNFR), VLA~4 protein, VCAM-1 protein,
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vascular endothelial growth factor (VEGF), urokinase, mos, ras, raf, met, p53, tat, fos, mye, jun, myb, rel, estrogen
receptor, progesterone receptor, testosterone receptor, aldosterone receptor, LDL receptor, and corticosterone. The
non-natural amino acid polypeptide may also be hamologous (6 any polypeptide member of the growth hormone
supergene family. Non-limiting examples of peptidesfproteins which may incorporate non-natural amino acids
containing an aromatic amine molety are shown in FIGS, 20-34, L

[0275] The non-natural amino acid polypeptides may be furt.hcr modified as described eisewhere in this
q;sélosure or the non-natural amino acid polypeptide may be used without further modification. Incorporation of a
non-natural amino acid into a polypeptide can be done for a variety of purposes, incliding but not Jimited ta,
tailoring changes in protein structure and/or function, changing size, ;cidity, nucleophilicity, hydrogen bonding,
hydrophobicity, accessibitity of protease target sites, targeting to a mojety (including but not limited to, for 2 protein
asTay), etc. Proteins that include a non-natural amino acid can have enhanced or even entirely new catalytic or
biophysical properties. By way of example only, the following properties are optionally modified by inclusion of a
non-natural amino acid into a protein: toxicity, biodistribution, structural properties, spectroscopic properties,
chemical and/or photochemical properties, catalytic ability, hatf-life (including but not limited to, serum half:life),
ability to reast with other molecules, including but not limited to, covalently or noncovalently, and the like. The
compositions including proteins that include at least one’ non-natural amine acid are useful for, including but not
limited to, novel therapeutics, diagnostics, catalytic enzymes, industrial enzymes, binding proteins (including but not
limited to, antibodies), and including but not limited to, the study of protein structure and function. See, e.g,
Dougherty, (2000} Unnatural Amino Acids as Probes of Protein Structure and Fanction, Current Qpinion in
Chemical Biology, 4:645-652.

[0276] Further, the sidechain of the non-natural amino acid component(s) of a polypeptide can provide a wide
range of additional fanctionality to the polypeptide; by way of example only, and not as a limitation, the sidechain of
the non-natural amino acid portion of a polypeptide may include any of the following: a label; a2 dye; 2 polymer; a
water-soluble polymer; a derivative of polyethylene glycol; a photocrosslinker; a cytotoxic compaund; a drug; an
affinity label; a photoaffinity label; a reactive compound; a resin; a Sﬁcoqd, prqtgip or polypeptide or PE)lypqptidc

. analog; an antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; & carbohydrate; a

polynucleotide; a DNA; a RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a
cyclodextrin, 2 biomaterial; 2 nanoparticle; = spin label; a fluorophore, a metal-containing moiety; a radioactive
moifety; a novel functional group; a group that covalently or noncovalently interacts with other molecules; a
photocaged moiety; an actinic radiation cxcitable moiety; a ligand; a photoisomerizable moiety; blotin; a biotin
analogue; a moicty incorporating a heavy atom; a chemically cleavable group; a phatocleavable group; an elongated
side chain; a carbon-linked sugar; a redox-active agent; an amino thioacid; a toxic mojety; an isotopically labeled
moiety; a biophysical probe; a phosphorescent group; a chemiluminescent group; an electron: dense group; a
magnetic group; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; a
detectable label; a small molecule; an inhibitory ribonucieic acid; a radionueleotide; a neutron-capture agent; a
derivative of biotin; quantum dot(s); 4 nanotransmitter; a radiotransmitter; an abzyme, an activated complex
activator, a virus, an-adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a
guide RNA, a saponin, 2 shutile vector, a macromolecule, 2 mimotope, 2 receptor, a reverse micelle, and any
combination thereof.

[0277) In one aspect, a composition includes at I=ast one protein with at least one, including but not limited to,

- at least two, at least three, at Jeast four, at least five, at least six, at least seven, at Jeast eight, at least nine, or at least

ten or more non-natural amine acids. The non-natural amino acids can be the same or different, including but not
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limited to, there can be 1, 2, 3, 4, 5;6,.7, 8, 9, 10 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more different sites in the

protein that comprise 1,2, 3,4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more different non-natural

amino acids, In another aspect, a composition includes a protein with at Jeast one, but fewer than all, of a particular

amino acid present in the protein is substituted with the non-natural amino acid. For a given protein with more than

one non-natural amino acids, the non-natural amino acids can be identical or different (including but not limited to,

the protein can include twp or more different types of non-natural amino acids, or can include two of the same non-
natural amino acid). For a given protein with more than two non-natural amino ac‘iclis, the non-natural amino acids

can be the same or different. T :

[0278) . Although embodiments of the non-natural amino acid polypeptides described herein may be chemically
syanthésized via solid phase peptide synthesis methads (e.g., on a salid resin), by solution phase peptide synthesis

methods, and/or without the aid of enzymes, other embodiments of the non-natural amino acid polypeptides

described herein allow synthesis via a cell membr.:mc, cellular extract, or lysate system or via an i vive system, L.e.,

using the cellular machinery of a prokaryotic or eukaryotic cell. In further or additional embodiments, one of the key

features of the non-natural amino acid polypeptides described herein is that th'cy may be synthesized utilizing
ribosomes. In further or additional embodiments of the non-natural amino acid polypeptides described herein, the.
non-natural amino acid polypeptides may be synthesized by a combination of solid resins, without the aid of
enzymes, via the aid of ribosomes, via an in vitro system, via an i vivo system or,any combination thereof.

[0279] Synthesis of non-natural amino acid polypeptides via ribosomes and/or an in vive system has distinet
advantages and characteristic from a non-natural amino acid polypeptide synthesized on a solid resin or without the
aid of enzymes, These advantages or characteristics include different impurity profiles, a system utilizing ribosores
and/or an in vivo system will have impurities stemming from the biological system utilized; including host cell

proteins, membrane portions, and lipids, whereas the impurity profile from a system utilizing a solid resin and/or

- without the aid of enzymes will include organic solvents, protecting groups, resin materials, coupling reagents and

other chemicals used in the synthetic procedures. In addition, the isotopic pattern of the non-natural amino acid
feedstock utilized for the cells; on the other hand, t'!{e tsotopic p'a'ttcm of the non-natural amino acid polypeptide
synthesized on a solid resin and/or without the aid of enzymes will mirror the isotopic pattern of the amino asids
utilized in the synthesis. Further, the non-natural amino acid synthesized via the use of ribosomes and/or an in vivo
system will be substantially free of the D-isomers of the amino acids and/or will be able to readily incorporate
internal cysteine amino acids into the structure of the polypeptide, and/or will rarely provide internal amino acid
deletion polypeptides, On the other haud, a non-natural amino acid polypeptide synthesized via a solid resin andfor
without the use of enzymes will have a higher content of D-isomers of the amino acids and/or a lower content of
internal cysteine amino acids and/or a higher percentage of internal amino acid defetion polypeptides. Furthermore,
one- of skill in the art will be able to differentiate a non-natural amino acid polypeptide synthesized by use of 2
ribosome and/or an in vivo system from a non-natural amino acid polypeptide synthesized via a solid resin and/or

polypeptide synthesized via the use of ribosomes and/or an in vivo system will mirror the isotopic pattern of the

without the use of enzymes,
10280] In a certain embodiment is a method of making a compound or salt thereof cantaining at least one non-
natural amino acid selected from the group consisting of:
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wherein the compound is formed by a reductive alkylation of an aromatic amino moijety on at least one
non-natural amino acid comprising the aromatic amino mojety with at least one reactant comprising at least
one aldehyde moiety; ’
each R, is independently selscted from the group consisting of H, halogen, alkyl, -NOy, -CN, substituted
alkyl, N(R)z, ~CLO)R’, -C(OIN(R"),, ~OR”, and -S(O}R’, where k is 1; 2,0r3;
M is H or —CH;R;; or the MnN-(}(R,) moiety may form a 4 to 7 membered ring structure;
R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; -
Rj is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;
Rs is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl; atkoxy, substituted
alkoxy, alkylalkoxy, substituted alkylalkoxy, polyalkyiene oxide, substituted polyalkylene oxide,
cycloalkyl, substituted eycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocycle,
substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted aralkyl, ~C(O)R”, -C(O)OR”,
“C(O)N(R™)z, -C{O)NHCH(R™),, -(alkylene or substituted alkylene)<N(R”),, -(alkenylene or substituted
al kcnylene)-N(R”)z, '(alkylcne or substituted alkylene)-(aryl or substituted aryl), -(alkenylene or substituted
alkenylene)-(aryl or substttu-ted aryl), -(alkylene or substituted alkylene)-ON(R™),, ~(alkylene or substituted
alkylene)-C(O)SR™, -(alkylene or substituted alkylene)-S-S-(ary] or substituted aryl), wherein each R is
independently bydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocycle, substitited heterocycle, alkaryl,
substituted alkaryl, aralkyl, substituted aralkyl, or -C(O)OR>; :
or'Rs is L-X, where, X is a selected from the group.consisting of a label; a dye; a polymer; a water-soluble
polymer; a derivative of polyethylene glycol; a photocrosstinker; a cytotoxic compound; = drug; an affinity
label; a photoaffinity label; a reactive compouné; a resin; a second protein or polypeptide or polypeptide -
analog; an antibody or antibody fragment; & metal chelator; qkofacgor; afatty -:mi_é; a catbohydrate; a
polynucleotide; a DNA; a RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a
cyclodexirin, a biomaterial; a nenoparticle; a spin label; a fluorophore, 2 metal-containing moiety; a
radioactive mojety; a novel functional group; a group that eovalently or noncovalently interacts with other
molecules; a photocaged moiety; an actinic radiation excitable moiety; a ligand; a photoisomerizable
moiety; biotin; a biotin analogue; a moiety incorporating a heavy atom; a chemically cleavable group; a
photocieavable group; an elongated side chain; a carbon-linked sugar; a redox-active agent; an amino
thioacid; a toxic moféty; an isotopically labeled moiety; a biophysical probe; a phosphorescent group; 2
chemiluminescent group; an electron dense group; a magnetic group; an intercalating group; a
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chromophore; an energy transfer agent; a biologically active agent; a detectable label; a small molecule; an
inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative of biotin; quantum
dot(s); a nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, a vitus, an '
adjuvant, an aglycan, an allergan, an angiostatin, an antihorthone, an antioxidant, an aptamer, a guide RNA,
a saponin, a shuttle vector, a macromolecule, a mimotope, a receptor, a reverse micelle, and any
combination thereof; and L i5 optional, and when present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substitute;i alkcnj}lenc, ~0-, -D-(alkylene or substituted
alkylene)-, -(atkylene or substituted alkylene)-O-, -C(Q)-, -C(0)-(alkylene or substituted alkylene)-, -
(alkylene or substituted alkylene)-C(0)-, ~C(O)N(R’)-, -C(O)N(R’}~(alkylene or subsﬁﬁnted alkylene)~, «
(alkylene or substituted alkylene)-C(O)N(R"), ~-OC(O)N(R")-, ~OC(O)N(R")-(alkylene or substituted
alkylene)-, -(alkylene or substitnted atkylene)-OC(O)N(R*)-~, -N[R‘)C(O)-:, <NR'C(O){alkylene or
substituted alkylene)-, -(alkylene or substituted alkylene)-NR'C(O)-, -S-, -S-(alkylene or substituted
alkylene)-, ~S(0),- where k is 1, 2, or 3, -8(O)i(alkylene or substituted atiylene)-, -C(S)-, ~C(S)-(atkylene
or substituted alkylene)-, ~CSN(R")~, -CSN(R')-(alky[cﬁe or substituted alkylene)-, -N(R)CO-(alkylene or
substituted alkylene)-, MR IC(O)0-, -(alkylene or substituted alkylene)-O-N=CR’-, ~(alkylene or
substituted alkylene)-C(O)NR’-(alkylene or substituted alkylene)-, -(alkylene or substituted alkylene). -
S(O)-( alkylene or substituted alkylene)-S-, -(alkylene ar substituted alkylene)-S-S-, -S(O}NR)-,
“NR)C(OIN(R?)-, -NRHC(SN(R")-, “N(R*)S(O)N(R")-, <N(R*)-N=, -C(R")=N-, -C(R*)=N-N(R")-, -
CRY=N-N=, -C(R" ) N=N-, and ~C(R*)»NR")-N(R’)~; or Rs and any R, optionally form a cycloalkyl ar a
heterocycloalkyl; and each R’ is independently H, aiky), or substituted alkyl.

zozsij In other embodiments is a method of making a cornpound or sait thereof, wherein R, and Rz of at least

one.npn-patural amine acid is H and OH respectively. In some embodiments is a method of making a compound,

'

wherein R, of at least one non-natural amino acid is a halogen. In other embodiments is a method of making a

* compound or salt thereof, whercin both R; and R; of at feast one non-natural amino acid are polypeptides. In some

embodiments is a method of making a compound or salt thereof, wherein X of at least one non-natural amino acid is
a biologically active agent selected from the group consisting of a peptide, protein, enzyme, antibody, drug, dye,
lipid, nucleosides, oligonucleotide, cell, virus, liposome, microparticle, and micelle. In some embodiments is a
method of making a compound or salt thereof, wherein X of at least one non-natural amino acid is a drug selected
from the group consisting of an anti_bio’tié,‘ fungicide, anti-viral agent, anti-inflammatory agent, anti~tumor agent,
cardiovascnlar agent, anti-anxiety agent, hormone, growth faétor, and steroidal agent, In.other embodiments is a
method of making a compound or salt thefé&f; ‘Wherein X of at least one non-natural amino acid is an enzyme
selected from the group consisting of horseradish peroxidase, alkaline phosphatase, B-galactosidase, and glucose
oxidase. In some embodiments is 2 method of m:;l:ing a compound or salt thereof; whercin X of at least one non-
natural amino acid is a detectable Jabel selected from the group consisting of a fluorescent, phosphorescent,
chemiluminescent, chelating, electron dense, magnetic, intercalating, radioactive, chromophoric, and energy transfer
moiety. In further embodiments is a method of making a compound or salt thereof, wherein X of the non-natural
amino acid is a polymer'comprising alkyl, substituted alky), alkenyl, substituted alkenyl, alkynyl, substituted

" alkynyl, alkoxy, substituted afkoxy, alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted

polyalkylene oxide, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkaryl, substituted alkaryl, aralkyl, or
substituted aralkyl. B
[0282] .In other embodiments is -a method of making a compound or salt thereof, wherein the polymer

comprises polyaikylene oxide or substituted polyalkylene oxide, In some embodiments is a method of making a
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corapound or salt thereof, wherein the polymer comprises ~{(alkylene or substituted alkylene)-O-( hydrogen, alky),
or sybstituted alkyl}ly, wherein x is from 20-10,000. In other embodiments is 2 method of making a compound or
salt thereof, wherein the polymer is m-PEG having a miolecular weight ranging from about 2 to about 40 KDa.
[0283] In further embodiments is 2 method of making a compound or salt thereof wherein at least one non-
natural amino acid is selected from a group: :

b g\ F g Ci ﬁ S
R5 ‘Rs ~R5 ‘Rs
. Br
H5N iw ‘a,ﬂ" i"’ v ic" " N -
[v] .

we

wherein X is a halogen.
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[0284] In some embodiments is a method of ‘making a compound or salt thereof wherein at least one non-
natural amino acid is selected from a group: -

Br B
N S Rs N, VRS
' Br
N o
(o4
Br H
Nol~Rs N -Rs
. c] -
N O
O -

ans Br- NvRs

- and

3 ]0285]' In further embodiments is 2 method of making a compound or salt thereof wherein at least one non-
natural amino acid is selected from a group:
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Efd

wherein X is a halogen.
{0286} In other embodiments is 32 method of making a compound or salt thereof containing at least one non-
natural amino acid selected from the group consisting of}

. .

Ra Ra h‘{ .
Ra N
Ra NH; G
R By
Ry Ra Rj Ra .
Ra Ra
RI\N Ry RI\N Ry
H H
R 0 or R4 Q s
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wherein the compound is farmed by a reductive alkylation of an aromatic amino moiety on the at least one
non-natural amino acid comprising the aromatic amino mofety with at least one reactant comprising at
least one aldehyde moiety; ) .

each R, is independently selected from the group cansisting of H, halogen, alkyl, -NO,, ~CN, substituted
alkyl, -N(R’), ~C(OXR?, -CCOIN(R")z, -OR?, and -S(O)R?, where k is 1, 2, or3;

R, is H, an amino protecting group, resin, amine acid, polypeptide, or polynucleotide; and

R; is OH, an ester protecting group, resin, amino d¢id, polypeptide, 6'1‘ polynucicotide;

. each of Ry and R, is independently H, halogen, lower alkyl, or substituted lower alky], or Ry and Rq.0r two

Rj; groups optionally form a cycloalkyl or a heterocycloalkyl;

M is H or —CH2Rg; ) ‘

R, is alkyl, substituted alkyl, alkenyl,-substituted alkenyl, alkynyl, substituted alicynyl, alkoxy, substituted
alkoxy, alicylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide,
cycloalky), substituted cycloalky), aryl, substituted aryl, heteroary), substituted heteroaryl, heteroc;yc]e, .
substituted heterocyele, alkaryl, substituted alkaryl, aralkyl, substituted aralkyl, -C{O)R”, -C(O)OR?,
~CLONER™),, -C{OYNHCH(R)z, -(alkylene or substituted alkylene)-N(R”),, -(alkenylene or
substituted alkenylene)}-N(R™)a, -(alkylene or substituted alkylene)-(aryl or substituted aryl),
-(alkenylene or substituted alkenylene)-(aryl or substituted aryl), -(alkylene or substituted alkylene)-
ON(R")z, -(alkylene or substituted alkylene)-C(O)SR”, -(alkylene or substituted alkylenc)-S-S-(aryl or
substituted aryl), wherein each R” is independently hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkoxy, substitut;:d alkoxy, aryl, substituted aryl, i'neteroaryl, substituted heteroary),
heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted araikyl, or -
C(O)OR; ’

or R; is L-X, where, X is a selected from the group consisting of a label; a dye; a polymer; a water-soluble
polymer; a derivative of polyethylene glycol; a ﬁhoto:rossliﬁker; a cytotoxic compound; a drug; an
affinity label; a photoaffinity label; a reactive compound; a resin; a second proteir! or polypeptide or
polypeptide analog; an antibody or antibody fragment; 2 n}ﬂal chelator; a cofactor; a fatty acid; a
carbohydrate; a pelynucieotide; a DNA; a RNA; an antisense polynucleotide; a saccharide, a water-
saluble dendrimer, a cyclodextrin, a biomaterial; a nanop'article.; a spin label; a fluorophore, a metal-
containing moiety; a radioactive moiety; a novel functional group; 2 group that covalently or
noncovalently interacts with other molecules; a photocaged moiety; an actinic radiation excitable
moiety; z ligand; a photoisomerizable moiety; biotin; a biotin analogue; 2 moiety incotporating a heavy
atom; a chemically cleavable group; a photocieavable group; an elongated side chain; a carbon-linked
sugar; a redox-active agent; anp amino thioacid; a toxic moiety; an isotopically labeled moiety; a
biophysical probe; a phosphorescent group; a chemiluminescent group; an electron dense group; a
magnetic group; an intercalating group; 2 chromophorse; au erergy transfer agent; a biologically active
agent; a dctectable label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron~
capture agent; a derivative of biotin; quantum dot(s); 2 nanotransmitter; a radiotransimitter; an abzyme,
an activated complex activator, a virus, an adjuvant, an aglycan, an allergan, an angiostatin, an
antihormone, an antioxidant, an aptamer, a gnide RNA, a saponin, a shuttle vector, 2 macromolecule, a
mimotope, a recepior, a reverse micelle, and any combination thereof; and L §s optional, and when
present is a linker selecied from the group consisting of atkylene, substituted alkylene, alkenylene,
substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)-, <(alkylene ‘or substituted alkylene)-
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O-, -C(0)-, -C(O)-(alkylene or substituted alkylene)-, ~(alkylene or substituted alkylene)-C(Q)-,
-C{OYN(R™)-, -C{O)N(R "}-(alkylene or substituted alkylene)-, -(alkylene or substituted
atkylene}-C{OIN(R ), ~OC(OIN(R?)~, ~-OC(OMI(R")-(alkylens or substituted alkylenc)-, “(alkylene or
substituted alkyleng)-OC(O)N(R?)-, -N(R”)C(0)-, -NR*C(O)-(alkylene or substitutéd alkylene)~, -
{alkylene or substituted alkylene)-NR'C(0}-, ~8-, -S-(alkylene or substituted alkylene)-, -S(O)- where
kis 1, 2, or 3, -S(O)i(alkylene or substituted atkylene)-, -C(S)-, -b(S)-(alkyiene or substituted
alkylene)-, ~CSN(R")-, -CON(R")-(alkylene or substi‘tuted.alkylene)-, “N{R*)CO-(alkylenz or
substituted alkylene)-, <N(R’)C{0)O-, -(alkylene or substituted alkyiene)-O~N=Cli’-, ~(alkylene or
substituted alkylene)-C(O)NR-(alkylene or substituted alkylene)-, ~(alkylene or substituted alkylene)-
S(0)-( alkylene or substituted alkylene)-S-, -(alkylene or substituted alkylene)-S-8-, -S(O)N(R)-,
N(RICIOIN(R)-, “NCRYCEMN(R")~ -N(R"SOUN(R")-, -NR)-N=, -C(R*)=N-, -CR)=N-N(R’)-,
~C(R*)=N-N=, ~C(R");-N=N-, and -C(R*)"N(R’)-N(R")~; .
or two Rs groups optionally form a eycloalkyl or a heterocycloalkyl; or Rs and any R, optionally form a

cycloalky! or a heterocycloatkyl; with a proviso that when R, is H then R, is not OH, or when Rz is OH
then R, is not H; and G is an amine protecting group.

[0287] In some embodiments is a method of making a compound or salt thereof wherein the amine protecting

group is selected from the group consisting of: i

J‘;\lg°vcc‘ﬂ; "’J\(JO’\/ ; s_'-"r\go\/O ; “‘:ﬁgogz ,

k]

& 20 CB CH; I,
3 e 4 (e} SIMB;
,.r%o; \f)( ;,7:<°H= ; g Sew, T YT

making a compound or sait thereof wherein both R, and R; are polypeptides,

. In other embodiments is a method of

{0288] In some embodiments is a method of making a compound or salt thereof wherein at least one aldehyde

. . ‘ame Ry ew . -t -

moiety has the struchure corresponding tos
e}

/u\ ’
Rs H,

wherein; R; is alkyl, substituted alkyt, alkeny), substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted
alkoxy, alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene ‘oxide, cycloalkyl,
substituted cycloalkyl, aryl, substituted aryl, heteraaryl, substituted heteroaryl, heterocycle, substituted heterocycle,
alkaryl, substituted alkaryl, aralkyl, substituted aralkyl, -C(Q)R”, -C{O)OR?, ~C(O)N(R"),, -C(OXNHCH(R™),, ~
{(alkylene or substituted alkylene)-N(R™),, -(alkenylene or substituted alkenylene)-N(R™),, ~(alkylene or substituted
alkylene)-(aryl or substituted aryl), ~(alkenylene or substituted alkenylene)-(aryl or substituted aryl), -(alkylene or
substituted alkylene}-ON(R™);, ~(alkylene or substituted aIkyiene)—C(O)SR”, ~(alkylene or substituted alkylene)-S-S«
(aryl or substituted aryl), wherein each R” is independently hydrogen, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocycle, substituted
heteroeycle, alkaryl, substituted alkaryl, aralkyl, substituted aralkyl, or -C(é)OR’; or Ry s L-X, where, Xisa
selected fram the group consisting of 2 label; 2 dye; a polymer; 2 water-soluble polymer; 2 derivative of
polyethylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; a photoaffinity label; a
reactive compound; a resin; 2 second protein or polypeptide or polypeptide analop; an antibody or antibody
fragment; a metal chelator; a eofactor; a faity acid; 2 carbohydrate; a polynucleotide; 2 DNA; 2 RNA; an antisense

78

e



10

15

20

polynucleotide; a saccharide, a water-soluble dendrimer, a eyclodextrin, 2 biomaterial; a nanoparticle; a spin label; a
fluorophore, 2 metal-containing moiety; a radioactive moiety; a novel functional grc;up; a group that covalently,or
noncovalently interacts with other moleculés; a photocaged maiety; an actinic radiation excitable moisty; 2 l.igand; a
photoisomerizable moiety; biotin; a biotin analogue; a moiety incorporating a heavy atom; a chemically cleavable
group; a photocleavable groups; an elongated side chain; a carbon-linked sugar; a redox-active agent; an amino
thioacid; a toxic moiety; an isotopically Iabeled moiety; a biophysical prebe; a phosphorescent group; a
chemiluroinescent group; an electron dense group; a magnetic group; an intercalating group; a chromophore; an
energy transfer agent; a biologically active agent; a detectable Jabel; 2 small molecule; an inhibitory ribonucleic
acid; a radionucleotide; a neutron-capture agent; a derivative of biotin quantum dot(s); a nanotransmitter; a
radiotransmitter; an abzyme, an activated complex activator, a virus, an adjuvant, an aglycan, an allergan, an

. angiostatin, an antihormone, an antioxidant, an aptamer, a guide RNA, a saponin, a shuttle vector, 2 macromo[ecule

a mimotope, a receptor, a reverse micelle, and any combination thereof; and L is optional, and when present is a
linker selected from the group éonsisting of alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-,
~QO-(alkylene or substituted alkylene)-, -(alkylene or substituted alkylene)-0-, ~C(O)-, -C(O)-(alkylene or substituted
alkylene)-, -(alkylene or substituted alkylene)-C(Q)-, -C(OIN(R")~, -C(O)N(R')~(alkylené or substituted alkylene)-, -
(alkylene or substituted alkylene)-C(O)N(R’), -OC(O)N(R’)-, -OC(O)N(R")-(alkylene or substituted alkylene)-, -
(alkylene or substituted alkylene}-OC(OIN(R’}-, “N(R")C(O)-, ~-NR*C(O)-(atkylene or substituted alkylene)-, -
{alkylene or substituted alkyleéne)-NR’C(O)-, -8-, -S-(alkylene or substituted alkylene)e, ~8(0),- where k is 1, 2, or

3, -8(0)y(alkylene or substituted alkylene)-, -C(S)-, -C(8)-(alkylene or substituted alkylene)-, -CSNR™)-, -CSN(R")-
(alkylene or substituted alkylene)-, -N(R’)CO-(alkylene or substituted alkylene)-, -N(R*)C(0)O-, -(2lkylene or
substituted alkylene)-O-N=CR’-, -(alkylene or substituted alkylene)-C(O)NR-(alkylene or substituted alkylene)-, -
{aikylene or substituted alkylene)-S(O),-( alkylene or substituted alkylene)-S-, ~(alkylene or substituted alkylene)-S-
8-, ~S(O)NR")~, “N(R’)C(OIN(R")~ -N(R"IC(S)N(R’)-, -N(R)S(O}N(R ), -N(R")-N=, -C(R")=N-, -C(R’)=N-
N(R)-, -C(R7)=N-N=, ~C(R");-N=N-, and ~C(R*),-N{R’)-N(R")-,
{0289 In other embodiments is a method of making a compound or salt thereof having the structure of:

Rj
.. o I S L\Q/R6
. Ry~ Ro
Br ] _

‘wherein L is optional, and when present is lower alkylene, substituted lower alkylene, lower cycloalkylene,

substituted Iowér cycloalkylene, lower alkenylene, substituted lower alkenylene, alkynylene, lower heteroalkylene,
substituted heteroalkylene, lower heterocycloalkylene, substituted Jower heterocycloalkylene, arylene, substituted
arylene, heieroarylenc, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or substituted
aralkylene; '

Q is optional, and when present is a linker sclected from the group consisting of lower alkylene, substituted lower
alkylene, lower alkenylene, substituted lower alkenylene, lower heteroalkylene, substituted lower heteroalkylene,
-O-(atkylene or substituted alkylene)-, -S-(alkylene or substituted alkylene)-, ~S(O)x(alkylene or substituted
alkylene)~, where k is 1, 2, or 3, -C(O)-(alkylene or substituted alkylene)-, -C(S)-(alkylene or substituted alkylenc)-,
--NR’-(alkylene or substituted alkylene)-, -CON(R”)-(alkylene or substituted alkylene)-, -CSN(R")-(alkylene or
substituted alkylene)-, -N(R*)CO-(alkylene or substituted alkylene)-, where each R’ is independently H, alkyl, or

- substituted alkyl; R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and-Rs is

OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide; each of R; and R, is independentty
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H, hélogen, lower alky), or substituted 1ower alkyl, or R; and R, or two R groups optionally form a cycloatkyl ora
heterocycloalkyl; each R, is independently selected from the group consisting of H, halogen, alkyl, -NOa, -CN,
substituted alkyl; -N(R")z, -C(O)R?, -C(ON(R’)2, -OR?, and -S(O)kR’ where k is 1, 2, or 3; Rg is a protected

S

aldehyde or a masked aldehyde, wherein the protecting group iichudes, but is not Himited to, R 0 OR',
S WS G |
x, .
, v “LL X, "2.‘,“ Xz

3 , Where each X, is independently selected from the group
consisting of -O-, -8-, -N(H)-, -N(R)~, -N(Ac}-, and -N(OMe)-; X; is —OR, -0Ac, -SR, -N(R),, ~N(R){(Ac), ~
N(R)(OMe), or N3, and where each R’ and R is independently B, alkyl, or substituted ali{yl.

10290} In other embadiments is a method of making a compound or salt thereof wherein X; is O. In some

sor

embodiments is a method of making a compound or salt thereof wherein both R, and R are polypeptides.

ViL Cotnpositions and Methods Comprising Nucleic Acids and Oligonucleolides
A ' General Recombinant Nucleic Acid Methods For Use Herein
10291] In numerous embodiments of the methods and compositions described herein, nucleic ac:ds encoding a

.polypeptlde of interest (including by way of example 2 GH polypeptide) will be isolated, cloned and oﬁen altered

using recombinant methods. Such ¢embodiments are used, including but not limited to, for protein expression or
duririg the generation of variants, derivatives, expression casscttes, or other sequences derived from a polypeptide.
In some embodiments, the sequences encoding the polypeptides are operably linked to a heterclogous promoter.
|0292] Also described herein are cells that can produce non-natural amino acid polypeptides wherein at least
one non-natural amino acid on the polypeptide comprises a side-chain havfng an aromatic amine moiety or a masked
or protected aldehyde moiety. Cells that biosynthesize at least one non-natural amino acid polypeptide may be
produced using the techniques, methods, compositions and slrategnes ‘described herein or variants thereof,

(0293] A nucleotide sequence encoding a polypeptide comprising a nei-natural amino acid may be synthesized
on the basis of the amino acid sequence of the parent polypeptide, and then changing the nucleotide sequence so as
to effect introduction (i.e., incorporation or substitution) or removal (Le., delefion or substitution) of the relevant
amino acid residue(s). The nucleotide sequence may be coilVenientIy modified by site-directed mutagenesis in
accordance with conventional methods, Alternatively, the nucleotide sequence may be prepared by chemical
synthests, inclu_ding but not Jimited to, by ‘using an oligonucleotide synthesizer, wherein cligonucleotides are
designed based on the amino acid sequence of the desired polypeptide, and preferably selecting those codons that
are favored in the host cell in which the recombinant polypeptide will be produced. For example, several small
oligonucleotides coding for portions of the desired polypeptide may be synthesized and assernbled by PCR, ligation
or ligation chain reaction. See, e.g., Barany, ef ol,, Proc. Natl. Acad, Sei. 88: 189-193 (1991); U.S. 6,521,427 which
are incorporated by reference herein.

[0294] The non-natural amino acid methods and compositions described herein utilize routine techniques in the
field of recombinant genetics. Basic texts disclosing the general methods of use for the non-patural amino acid
methods and compositions described herein include Sambrook er.al., #olecuiar Cloning, A Laboratory Manual (3rd
ed. 2001); Kriegler, Gene Transfer and Expression: A Laboratory Manual (1990); and Current Protocols in
Molecular Biology (Ausubel et al., eds., 1994)). .

[0295) General tests which describe molecular biological techniques include Bergcr and Kimmel, Guide to

Moleculac_Cloning Techniques, Methods in Enzymology volume 152 Academic Press, Inc., San Diego, CA °
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{Berger); Sambrook et al., Molecular Cloning - A Laborgtory Manual (2nd Bd.), Vol. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York, 1989 (“Sambrook”) and Current Protocols in Molecular Biology, F.M.
Ausubel et al,, eds., Current Protecals, a Jjoint venture between Greene Publishing Asso'ciates, Inc. and Jobhn Wiley
& Sons, Inc., (supplemented through 1999) (“Ausubel”)), These texts describe mutagenesis, the use of vectors,
promoters and many other relevant topics related to, ipcluding but not limited to, the generation of genes or
polynucleotides which include selector codons for production of proteins that include non-natural amino acids,
.orthogonal tRNAs, orthogonal synthetases, and pairs thereof,

[0256} Various types of n;utagenesis are used i_n the non-natural amino acid methods and compositions
described herein ‘for a variety of purposes, including but not limited to, to produce novel synthetases or tRNAs, to
mutate TRNA molecules, to mutate polynucit;ot'ldes encoding synthetases, to produce libraries of tRNAs, to produce
libraries of synthetases, to produce selector codons, to insert selector codons that.encode.non-namral amino acids in
a protein or polypeptide of interest, They include but are not limited to site-directed, random point mutagenesis,
homologous recombination, DNA shuffling or other recursive mutagenesis methods; chimeric construction,
mutagenesis using uracil contairfing templates,' oligonucleotide-directed mutagenesis, phosphorothioate-modified
DNA mutagenesis, mutagenesis using gapped duplex DNA or the like, or any combination thereof. Additional
suitable niethods iniclude point mismatch repair, mutagenesis using repair-deficient host strains, restriction-selection
and restvicﬁon—puriﬁcatic'm, deletion mutagenesis, mutagenesis by total gene synthesis, double-strand break repair,
and the like. Muta'genesis, inciuding but not limited to, involving chimeric constructs, are also included in the non~ _
natural amino acid methods and compositions described herein. In ons embediment, muta'genesis can be guided by
known information of the naturally occurring molecule or altered or mutated naturally pecurring molecule, including
but not limited to, sequence, sequence comparisons, physical properties, crystal structure or the like,

[0297] The texts and examples found herein describe these procedures. Additional information is found in the
following publications and references cited within: Ling et al., Approaches to DNA mutagenesis: an overview, Anal
Bigchem. 254(2):- 157-178 (1997); Dale et al, Oligonucleotide-directed random mutagenesis using the
phosphorothioate method, Methods Mol. Biol. 57:369-374 (1996); Smith, In vitro m;_aagenesis, Ann. Rev. Genet.
19:423-462(1585); Boistein & Shortle, Strategies and applications of in vitro mutagenesis, Science 229:1193.
1201(1985); Carter, Site-directed mutagenesis, Biochem. J. 237:1-7 (1986); Kunkel, The' gﬁ?&[ency of:
oligonucleotide directed mutagenesis, in Nucleic Acids & Molecular Biology (Eckstein, F. and Lilley, D.M.J. eds.,
Springer Verlag, Berlin)) (1987); Kunkel, Rapid and efficient site-specific mutagenesis without phenatypic selection,
Proc. Natl. Acad. Sci. USA 82:488-492 (1985); Kunkel et al., Rapid and efficient site-specific mutagenesis without
Dphenotypic selection, Methods in Enzymol. 154, 367-382 (1987); Bass et 2al,, Mutant Trp repressors with new DNA-
binding specificities, Science 242:240-245 (1988); Zoller & Smith, Oligonucleotide-directed mutagenesis using
MI3-derived veciors: an efficient and general procedure for the production of point mutations in any DNA
Jraginent, Nucleic Acids Res. 10:6487-6500 (1982); Zoller & Smith, Oligonucieotide-directed mutagenesis of DNA
Jragments cloned inta M13 vectors, Methods in Enzymol. 100:468-500 (1983); Zoller & Swmith, Oligonuclectide-
direcled mu/aéenesis: a simple method using two };Iigonucleotide primers and a single-stranded DNA template,
Methods in Enzymol. 154:329-350 (1987); Taylor et al., The use of phosphorothioate-modified 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 phosphorothioate-modified DNA, Nuel,
Acids Res. 13: 8765-8785 (1985); Nakamaye & Eckstein, fuhibition of restriction endonuclease Nci I cleavage by
phosphorothioate groups and its application to oligonucleotide-directed mutagenesis, Nucl. Acids Res, 14: 9679-

9698 (1986); Sayers et al,, 5°-3" Exonucleoses jn phosphorothioate-based oligonucleotide-directed mutagenesis,
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Nucl, Acids Res. 16:791-802 (1988); Sayers et al, Strand specific cleavage of phosphorothioate-containing DNA by
reaction with restriction endonucleases in the presence of ethidium bromide, (1988) Nuc), Acids Res. 16: 803-814;
Kramer et al.,, The gapped duplex DNA approach ro oliéonucleo{ide-directed mutation construction, Nugl. Acids
Res. 12: 9441-9456 (1984); Kramer & Fritz Oligonucleotide-directed construction of mutations via gapped duplex
DNA, Methods in Enzymol, 154:350-367 (1987); Kramer et al., Improved enzymatic in vitro reactions in the gapped
duplex DNA approach to oligonucleotide-direcied construction of mutations, Nucl. Acids Res, 16: 7207 (1988);

Fritz et al., Ofigonucleotide-directed canstruction of mutations: a gapped duplex DNA procedure withaut enzymatic
reactions in vitro, Nucl. Acids Res, 16: 6987-6999 (1988); Kramer et al., Point Mismatch Repair, Cell 38:879-887
(1984); Carter et al,, mproved oligonucledtide site-directed mutagenesis using MI3 vectors, Nuel. Acids Res. 13:
4431-4443 (1985); Carter, Improved ofigonucleotide-divected mutagenesis using M1 3 vectors, Methods in Enzymol.
1354: 382-403 (1987); Eghtedarzadeh & Henikoff, Use of oligonucleotides to generate large deletions, Nucl. Acids
Res. 14: 5115 (1986); Wells ¢f al., Jmportance of itya’rogen-bm;d formation in stabilizing the transition state of
subtilisin, Phil. Trans. R. Soc. Lond. A 317: 415-423 (1986); Nambiar et al., Total synthesis and cloning of a gene
coding for the ribonuclease S protein, Science 223: 1299-1301 (1984); Sakmar and Khorana, Total synthesis and
expression of a gene for the alpha subunit of bovina rod outer segment® guanine nucIeot_ide-b:’kd;'ng protein
(transducin}, Nucl. Acids Res. 14: 6361-6372 (1988); Wells et al,, Cassette mutagenesis: an efficient method for
generation of multiple mutations at defined sites, Gene 34:315-323 (1985); Grundstrdm et al., Oligonucleotide-
directed mutagenesis by microscale 'shot-gun' gene synthesis, Nucl, Acids Res. 13: 3305-3316 (1985); Mandecki,

Oligonucleotide-directed double-strand break repair in plasmids of Escherichia coli: a method for site-specific
mutagenesis, Proc. Natl. Acad. Seci. USA, 83:7177-7181 (1986); Amold, Protein engineering jfor unusual
environments, Current Opinfon in _Biotechnology 4:450-455 (1993); Sieber, et al., Nature Biotechnology, 19:456-
460 (2001). W. P. C. Stemimer, Nature 370, 389-91 (1994); and, I, A. Lorimer, 1. Pastan, Nucleic Acids Res. 23,
3067-8 (1995). Additional details or many of the above methods can be found in Methods in Enzymology Volume
154, which also describes useful controls for trouble-shooting problems with various mutagenesis methods.

[0298) The methods and compositions described herein eglso include use of eukaryotic host cells, non-
eukaryotic host cells, and organisms for the in wivoe incorporation of a non-natural amine acid via orthogonal
tRNA/RS pairs. Host cells are genetically enginecred (including but not limited to, transformed, transduced or
transfected) with the polynucleotides corresponding to the polypeptides described herein or constructs which include
a polynucleotide corresponding to the polypeptides described herein, including but not limited 10, a vector
carresponding to the polypeptides described herein, which can be, for example, a cloning vector or an expression
vector. For example, the coding regions for the orthogonal tRNA, the orthogona) tRNA synthetase, and the protein
to be derivatized aré operably linked to gene expression control elemonts that are functional in the desired host cell.

. The vector can be, for example, in the form of a plasmid, a cosmid, a phage, a bacterium, a virss, a naked
.polynucleotide, or a conjugated polynucleotide. The vectors are introduced into cells andfor microorganisms by
. standard methods including electroporation (Fron?m et al., Proc. Natl. Acad. Sci. USA 82, 5824 (19885), infection by

viral vectors, high velocity ballistic penetration by small particles with the nucleic acid either within the matrix of
small beads or particies, or on the surface (Klein et al., Nature 327, 70-73 (1987)), and/or the Jike.
{02991 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 transformants, These cells can
optionally be cultured into transgenic organisms. Other useful references, including but not limited to for cell
isolation and culture (3.5, for subseguent nucleic acid isolation) include Freshney (1994) Culture of Animal Cells, a
Manual of Basic Technique, third edition, Wiley~ Liss, New York and the references cited therein; Payne ef al.
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\1vv2) Plant Cell and Tissue Culture in Liquid Systems John Wiley & Sons, Inc. New York, NY; Gamborg and
Phillips (eds) (1995) Plant Cell, Tissue and Organ Culiure; Fundamental Methods Springer Lab Manual, Springer-
Verlag (Berlin Heidelberg New York) and Atlas and Parks (eds) The Handbook of Microbiological Media (1993)

"CRG Press, Boca Raton, FL,

[0300) Several well-known methods of intraducing target nucleic acids into cells are available, any of which ‘
can be used in methods and‘compositions described herein, These include: fusion of the recipient cells with bacterial
protoplasts containing the DNA, electroporation, projectile bombardment, and infection with viral vectors (discussed
further, below), ete. Bacterial cells can be used to amplify the number of plasmids containing DNA constructs
corresponding to the polypeptides described herein. The bacteria a.rc.grox;m to log phase and the plasmids within the
bacteria.can be isolated by a \'rariety of methods known in the att (see, for instance, Sambrook). In addition, kits are
cammercially available for the purification of plasmids from bacteria, (see, e.g., EasyPrep™, FlexiPrep™, both
from Pharmacia Biotech; StrataClean™, from Stratagene; and, QIAprep™ from Qiagen). The isolated and purified
plasmids are then further manipulated to praduce other plasmids, used to transfect cells or incorporated into related
vectors to infect organisms. Typical vectors contain transcription and translation terminators, transcription and
transiation initiation sequences, and promoters useful for regul;ition of the expression of the particular target nucleic
acid. The vectors optionally compiise generic expression cassettes containing at least one independent terminator
sequence, sequences permitting replication of the casseite in eukaryotes, or prokaryotes, or both, {including but not
limited to, shuttle vectors) and selection markers for both prokaryotic and eukaryotic syétems‘ Vectors are suitable
for replication and integration in prokaryotes, eukaryotes, or both, See, Gillam & Smith, Gene 8:81 (1979); Roberfs,
et al., Nature, 328:731 (1987); Schneider, E., ef al., Protein Expr. Purif, 6(1):10-14 (1995); Ausubel, Sambreok,
Berger (all supra). A catalogue of bacteria and bacteriophages useful for cloning is provided, e.g., by the ATCC,
e.g., The ATCC Catalogue of bacteria and bacteriophage (1992) Gherna ef al (eds) published by the ATCC.
Additional basic procedures for sequencing, cloning and other aspects of molecular biclogy and underlying
theoratical considerations are also found in Watson ef al. {1992) Recombinant DNA_Second Edition Scientific
American Books, NY. In addition, essentially any nucleic acid (and virtually any labeled nucleic acid, whether
standard or non-standard) can be custom or standard ordered from any of a varicty of commercial sources, sucf{ as
the Midland Cenrtified Reagent Company (Midland, TX mcrc.com), The G}eat American Gene Company (Ramoné,
CA available on the World Wide Web at genco.com), ExpressGen Inc. (Chicago, IL available on thé W:;;ld Wide
Weh 4t expressgen.com), Operon Technologies Inc, {Alameda, CA) and many others.

B. - Selector Codons

[0301] Selector codons encompassed within the methods and compositions described herein expa{{d the g.cne‘tic
codon framework of protein biosynthetic machinery. For example, a selector codon includes, but js not limited to, a
unique thres base codon, a nonsense codon, such as a stop codon, including but pot limited to, an amber codon
(UAG), an ochre codon, or an opal codon (JGA), a unnatural codon, a four or more base codon, a}are codon, or the
Iike. There is 2 wide range in the number of selector codons that can be introduced into a desired geﬁe or
polynueleotide including but not limited to, one or more, two or more, three or more, 4, 5, 6, 7, 8,9, 10 ormore ina
single polynucleotide encoding’at least a portion of a palypeptide 6 interest.

{0302] In one crabodiment, the methods involve the use of a sélector codon that is a stop codon for the
incorporation of one or more non-natural amino acids in vivo, For example, an O-tRNA is produced that recognizes
the stop codon, including but not limited to, UAG, and is aminoacylated by an O-RS with a desired non-natural
amino acid. This O-tRNA is not recognized by the naéurally occurting host’s aminoacyltRNA synthetases.
Conventional site-directed mu'izgenesis can be used fo introduce the stop codon, including but not limited to, TAG,
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at the site of interest in a polypeptide of interest. See, e.g., Say(;rs, JR., et al. (1988), 5-3' Exonuclease in

. phosphorothicate-based oliganucleotide-directed mutagenesis. Nucleic Acids Res, 16:791-802, When the O-RS, O~

tRNA and the nucleic acid that encodes the polypeptide of interest are combined in vivo, the non-natural amino acid
is incorporated in response to the UAG codon to give a polypeptide containing the non-natural amino acid at the
specified position. ' . .

[0303] Non-natural 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 10 be
efficient for insertion of Ala by a synthetic tRNA acylated with alanine. See, e.g., Ma et al., Bioghemistry, 32:7939
(1993). In this case, the synthetic tRNA competes with the natusally occurring tRNAArg, which exists as a minor
species in Escherichia coli. Some organisms do not use all triplet codons, An unassigned codon AGA in
Micrococeus luteus has been utilized for insertion of amino acids in an in vitro transcription/ranslation exteact, See,
e.g., Kowal and Oliver, Nucl. Acid. Res., 25:4685 {1997). (fomporients of the present invgntion can be generated to

use these rare codons in vivo. .
[0304) The incorporation of non-natural amino acids in vivo can be done without significant perturbation of the
eukaryotic host cell, For example, because the suppression effi clency for the UAG codon depcnds upon the
competition between the O-tRNA, including but not Jimited to, the amber suppressor tRNA, and a eukaryotic release
factor (including but not limited to, eRF) (which binds to a stop codon and initiates release of the growing peptide
from the ribosome), the suppression efficiency can be modulated by, including but not limited to, increasing the
expression level of O-tRNA, and/or the suppressor tRNA. || . . .
[0395] Selector codons alse comprise extended codons, mcludmg but not }imited to, four or more base codons,
such as, four, five, six or more base codons. Examples of four bage codons nclude, but are not limited to, AGGA
CUAG, UAGA, CCCU and the like. Examples of five base codons include, but are not limited to, AGGAC,
CCCCU, CCCUC, CUAGA, CUACU, UAGGC and the like, A feature of the methods and compositions described
herein 'includes using extended codons based on frameshift suppression. Four or more base codons can insert,
including but not limited to, one or multiple non-natural amino acids into the same protein. For example, in the
presence of mutated O-tRNAs, inchuding but not limited to, a special frameshift suppressor tRNAs, with anticodon
loops, for example, with at least 8-10 nt anticodon loops, the four or more base codon is read as single amino acid,

In other embodiments, the anticodon loops can decode, including but not limited to, at least a four-base codom, at .
least a five-base codon, or at Jeast a six-base codon or more. Since there are 256 possible four-base codons, muitiple*

nan-natural amino acids can be encoded in the same cell using a four or more base codon. See, Anderson et al.,
(2002) Exploring the Limits of Codon and Anticodon Size, Chemistry and Riology, 9:237-244; Magliery, (2001)
Expanding the Genetic Code: Selection of Efficient Suppressors of Four-base Codons and Identification of “Shifty™
Four-base Codons with a Library Approach in Escherichia coli, J. Mol. Biol. 307: 755-769.

[83061 Far example, four-base codons have been used to incorporate non-natural amino acids into proteins
using in vitro biosynthetic methods. See, e.g., Ma et al,, (1993) Biochemistry, 32:7939; and Hohsaka et al., (1999) X.
Arl._Chem. Soc., 121:34, CGGG and AGGU were used to simultaneously incorporate 2-naphthylalanine and an

NBD derivative of lysine into soreptavidin in vitro with two chemically acylated frameshift suppressor tRNAs. See,
e.g» Hohsaka et al,, (1999) 1. Am. Chem. Sae., 121:12194, In an in vivo study, Moore et al. examined the ability of
tRNALeu derivatives with NCUA anticodons to suppress UAGN codons (N can be U, A, G, or C), and found that
the quadruplet UAGA can be decoded by a tRNALeu with a UCUA anticodon with an efficiency of 13 to 26% with
little decoding in the 0 or -1 frame. See, Moore et al,, (2000) J. Mol. Biol...298:195. In one embodiment, extended

34

-



10

15

20

codons based on rare codons or nonsense codons can be used in the methods and compositions described herein,
which can reduce missense readthrough and frameshift suppression at other nnwanted sites,

10307} For a given system, a selector codon can also include one of the natural ‘three base codons, where the
endogenous systern doss not use {or rarely uses) the natural base coden. For example, this includes a system that is
Jacking a tRNA that recognizes the nawral three base codon, and/or a system where the three base codon is a rare
codon,

{0308) Selector codons optionally include unnatural base p'ai;'s. These unnatural base paiks further expand the
existing genetic alphabet, One extra base pair increases the number of triplet codons fiam 64 to 125. Properties of
third base pairs include stable and selective base pairing, efficient enzymatic incorporation into DNA with high
fidelity by a polymerase, and the efficient continued primer extension after synthesis of the nascent unnaturat base
pair, Descriptions of unnatural base pairs which can be adapted for methods and compositions include, e.g., Hireo, et
al., (2002) An unrnatural base pair for incorpora}ing anino acid analogues into ,.w'otein, Nature Eiotechnology,
20:177-182, and see also, Wy, Y., et. al. (2002) J. Am, Chem. Soc. 124:14626-14630. Other relevant publications
are listed below. . R

{0309} For in vivo usage, the unnatura) nucieoside is membrane permeable and js phosphorylated to form the
corresponding triphosphate. In addition, the increased genetic information is stable and not des&royed by cellular
enzymes, Previous efforts by Benner and others took advantage of hydrogen bonding patterns that are different from
those in canonical Watson-Crick pairs, the most noteworthy example of which is the iso-C:iso-G pair. Sez, e.g,
Switzer ¢t al., {1989) J. Am. Cheng‘ Soc., 111:8322; and Picoirilii et al., (1950) Nature, 343:33; Koo, (2000) Curz.

Opin._Chem. Biol., 4:602. These bases in general mispair to some degree with natural bases and cannot be

enzymatically replicated, Kool and co-workers demonstrated that hydrophobic packing interactions between bases
can replace hydrogen bonding to drive the formation of base'pair. See, Kool, (2000) Curr. Opin, Chem. Biol., 4:602;
and Guckian and Koof, (1998) Angew. Chem. Int. Ed. Engpl., 36, 2825, In an effort to develop an unnatwral base pair
satisfying all the above requirements, Schultz, Romesberg and co-workers have systemaﬁr.all{z synthesized and
studjed a series of unnatural hydrophobic bases. A PICS:PICS seIf-pa?r is found to’be more stable than natural base
pairs, and can be efficiently incorporated into DNA by Klenow fragment of Escherichia coli DNA polymerase I
(KF). See, e.g,, McMinn et al,, (1999} . Am. Chem. Sac., 121:11585-6; and Ogawa et al,, (2000) 1. Am. Chem.
Soc,, 122:3274. A 3MN:3MN self-pair can be synthesized by KF with efficiency and selectivity sufficient for
biological function. See, e.g., Ogawa et al.,.(2000) J_ Am, Chem. Soc., 122:8803, However, both bases act as a chain
terminator for further replication. A mutant DNA polymerase has been recently evolved that can be used to replicate
the PICS self pair. In addition, a 7A1.self pair can be replicated. See, e.g., Tac et al,, (2001) J. Am. Chem, Soc.,
123:7439. A novel metallobase pair, Dipic:Py, has also been developed, which forms a stable pair upon binding
Cu(J3). See, Meggers et al,, (2000} I Am. Chem. Soc., 122:10714. Because extended codons and unnatural codons
are intrinsically orthogonal to natural codons,”the fion-ndtural amino acid methods described herein can take
advantage of ;his property to generate orthogonal tRNAs for them.

[0310] A translational bypassing system can also be used to incorporate a non-natural amino acid in a desired
polypeptide. In a translational bypassing system, a large sequence is incorporated 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 transiation downstream of the insertion.

[0311) In certain embodiments, the protein or polypeptide of interest (or portion thereof) in the methods and/or
compositions described herein is encoded by a nucleic acid. Typically, the nucleic acid comprises at least one
stiector codon, at least two selector codons, at least three selector codons, at least four selector codons, at feast five
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selector codons, at least six seiector codons, at least seven selector codons, at least eight selector codons, at least
nine selector codans;, ten or more selectar codons. : R

[0312] Genes coding for proteins or polypeptides of interest can be mutagenized using methods well-known to
one of skill in the art and described herein under “Mutagenesis and Other Molecular Biology Technigues” to
include, for example, one or more sclector coden for the incorporation of a non-natural amino acid, For example, a
nucleic acid for a protein of interest is mutagenized to include one or more selector codon, providing for the
incorporation of the ane or more non-naturat 2mine acids. The method; and compositions described herein include
.any such variant, including but niot limited to, mutant, versions of any protein, for e'xample, including at least one
non-natural amino acid, Similarly, the methods and con{positions described herein include corresponding nucleic
acids, i.e., any nucleic acid with one or more selector codon that encodes one or more non-natural amino acid,

10313} T'Qucleic, acid molecules encoding a protein of interest, including by way of exemple only, GH
palypeptide may be readily mutated to introduce a cysteine at any desired position of the polypeptide. Cysteine is
widely used to introduce reactive molecules, water soluble polymers, proteins, or a wide variety of other molecules,
onto a protein of interest. Methads suitable for the incorporation of cysteine into a desired position of a polypeptide
are well known in the art, such as those described in U,S. Patent No. 6,608,183, which is incorporated by reference
herein, and standard mutagenesis te'chniqueg.

VI, 1n vivo generation of polypeptides comprising non-natural amino acids

{0313] *  The polypeptides described herein can be generated in vive using modified tRNA and tRNA synthetases
10 ad'd to or substitute amino acids that are not encoded in naturally-occurring systems.

J0315) Methads for generating tRNAs and tRINA. synthetases which use amino acids that are not encoded in
naturally-occurring systems are described in, e.é, U.S, Patent No. 7,045,337, entitled “In vivo incorporation of
unnatural amino acids” and U.S. Patent No. 7,083,970, entitled “Methods and compositions for the production of

* orthogonal tRNA-aminoacyl tRNA synthetase pairs” which are incorporated by reference herein. These methods

involve generating a translational machinery that functions independently of the synthetases and tRNAs endogenous
to the translation system (and are therefore sometimes referred to as *orthogonal™). In one embodiment the
transiation system comprises a polynucleotide encoding the polypeptide; the polynucleotide can be mRNA that was
transcribed from the corresponding DNA, or the mRNA may arisc from, an RNA viral vector; further the
polynucleatide comprises ‘a selector’ codon corresponding 1o the predesignated site of incorporation for the non-
natural amino acid. The translation further compriscs a tRNA comprising the non-natural amino acid, where the
tRNA is specific to the aforementioned selector codon; in further embodiments, the non-natural amino acid is
amiaoacylatcd:. In further or additional embodiments, the translation system comprises an aminoacyl synthetase
specific for the tRNA, and in other or further embodiments, the translation system comprises an orthogonal tRNA
and an orthogenal aminoacy! tRNA synthetase. ‘In further or additional embodiments, the translation system
comprises at Jeast one of the following: a plasmid comprising the aforementioned polynucleotide (typically in the
form of DNA), genomic DNA comgprising the aforementioned polynucleatide (typically in the form of DNA), or
genomic DNA into which the aforementioned polynucleotide has been integrated -(in further embodiments, the
integration is stable integration). In further or additipnal embodiments of the translation system, the selector codon is
selected from the group consisting of an amber codon, ochre codon, opal codon, a unique codon, a rare codon, an
unnatural codon, a five-base codor, and a four-base codon, In further or additional embodimenis of the transiation
system, the tRNA is a suppressor (RNA. In further or additional embodiments, the non-natural amine acid
polypeptide is synthesized by a ribosome.
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10316) In further or additional embodiments, the transiation system comprises an orthogonal tRNA (O-tRNA)
and an orthogonal aminoacyl {RNA synthetase (Q-RS). Typically, the O-RS preferentially aminoacylates the O-
tRNA with at least one non-natural amino acid in the translation system and the O-RNA recognizes at least one,
selestor codon that js not recognized by other tRNAs in the system. The translation system thus inserts the non-
natural amino acid into a protein produced in the: system, in response to an éncoded selector codon, thereby
“substituting” an amino acid into a position in the encoded polypeptide. '
{0317] - A wide variety of orthogi:nal tRNAs and aminoacyl tRNA synthetases have been described in the art for
inserting particular synthetic amino acids into polypeptides, and are gcnc.mlly suitable for in the methods described
herein to produce the non-natural amine acid polypeptides described herein. For example, keto-specific O-
tRNA/aminoacy]<RNA synthetases are described in Wang, L., et al., Proc. Natl, Acad, Sci, USA 100:56-61 (2003)
and Zhang, Z. et al,, Biochem. 42(22):6735-6746 (2003). Exemplary O-F:S, or portions thereof, are encoded by
polynucleotide sequences and include amino acid sequences disclosed in U.S. Patent Application Publications
2003/0082575 and 2003/0108885, each incorporated herein by reference. Corresponding O-tRNA molecules for use
with the O<RSs are also described in U.S. Patent No. 7,045,337, entitled “In vivo incorporation of unnatural amino
acids” and U.S, Patent No. 7,083,570, entitled “Methods and compeositions for the production of orthogonal tRNA-
aminoacyl IRNA synthetase pairs” which are incorporated by reference herein, In addition, Mehl et-al. in J, Am.
Chem. Soc. 2003; 125:935-939 and Santoro et al.'Naturg. Biotechnology 2002 Oct; 20:1044-1048, which are
incorporated by reference in their enﬁri:ty herein, discuss screening methods and aminoacyl tRNA synthetase and
tRNA molecules for the incorporation of p-aminophenylalanine into polypeptides.

[0318) Exemplary O-tRNA sequences suitable for use in the methods described herein include, but are not
limited to, nucleotide sequences SEQ ID NOs: I-3 as disclosed in U.S. Patent Application Publication
2003/0108885 (Serial No. 10/126,93)) which is incorporated by rcference herein. Other examples of O-
tRNA/aminoacyi-tRNA synthetase pairs specific to particular non-natural amino acids are described in U.S: Patent
Application Publication 2003/0082575 (Serial No. 10/126,927) which is incorporated by reference herein, O-RS and
O-tRNA that incosporate both keto- and azide-containing amino acids in S. cerevisiae are described in Chin, J. W.,
ot al,, Science 301:964-967 (2003), .

10319} Use of O-tRNA/aminoacyl-tRNA synthetases involves selection of & specific codon which encodes the
non-natural amino acid. While any codon can be used, it is generally desirable to select a codon that is rarely or
never used in the cell in which the O-RNA/aminoacyl-tRNA synthetase is expressed. For example, exemplary
codons include nonsense codon such as stop codons (amber, ochre, and opal), four or more base codons and other
natural three-base codons that are rarely or unused.

* 10320] Specific selector cedon(s) can be introduced into appropriate positions in the polynucleotide coding

.

sequénce using mutagenesis methods known in the art (including but not limited to, site-specific mutagenesis,
cassette mutagenesis, restriction selection mutageness, ete.).

le321] Methods for generating components of the protein biosynthetic machinery, such as O-RSs, O-tRNAs,
and orthogonal O-tRNA/O-RS pairs that can be used to incorporate a non-natural amino acid are described in Wang,
L., ef al., Science 292: 498-530 (2001); Chin, . W., ef al., J. Am. Chem. Soc. 124:5026-9027 {2002); Zheng, Z. et
al., Biochemistry 42: 6735-6746 {2003). Methods and compositions for the in vivo incorporation of non-natura)
amino acids are described in U.S. Patent Application Publication 2003/0082575 (Serial No. 10/126,927) which is
ingorporated by reference herein. Methods for selecting an orthogonal tRNA-RNA synthetase pair for use in in vivo
translation system of an organism are also described in U.S. Patent No. 7,045,337, entitled “In viva incorporation of
unnatural amino acids” and U.S. Patent No. 7,083,970, entitled “Methods and compositions for the production of
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orthogonal tRNA-aminoacy] tRNA synthetase pairs™ which are incorporated by reference herein. In addition PCT
Publication No. WO 04/035743 entitled “Site Specific Incorporation of Keto Amino Acids inte proteins, which is
incorporated by reference in its entirety, describes thogomal RS and tRNA pairs for the incarporation of keto
amino acids. PCT Publication No. WO 04/094593 entitled “Expanding the Eukaryotic Genetic Code,” which is
incorporated by reference herein in its entirety, destribes orthogonal RS and tRNA pairs for the incorp&rat‘xon of
non-naturatly encoded amino acids in eukaryotic host cells.
[6322} Methods for producing at Jeast.one recombinant orthogonal aminoacyl-tRNA synthetase (O-RS)
comprise: (2) generating a library of (optionally mutant} RSs derived from at least one aminoacyl-tRNA synthetase
{RS) from a first organism, including but not limited to, 2 prokaryotic organism, such as Methanococous jannasehis,
Methanobacterium thermoautotrophicum, Halobacterium, Escherichia coli, A. fulgidus, P ﬁlf'iosz.ls, P. horikoshii,
A. pernix, T, thermophilus, or the like, or a eukaryotic organism; (b) selecting (and/or screening) the library of RSs
(optionally mutant RSs) for members that aminoacylate an, orthogonal tRNA (O-tRNA) ‘in the presence of 2 non-
natural amino acid and a natural amino acid, thereby praviding 2 pool of active (optionally mutant) RSs; and/or, (c)
selé’if;ti}ié (optionally through negative selection) the pool for active RSs (including but not limited to, mutant RSs)
that preferentially aminoacylate the O-tRNA in the-absence of the non-natura} amino acid, thereby providing the at
least one recombinant O-RS; wherein the at least one recombinant O-RS preferentially aminoacylates the O-(RNA
with the non-natural amine acid,
[0323] In one embodiment, the RS is an inactive RS. The inactive RS can be generated by mutating an active
RS. For example, the inactive RS can be generated by mutating at least about 1, at least about 2, at least about 3, at
Jeast about 4, at least about 5, at jeast about 6, or at least about 10 or more amino acids to different amino acicfs,
including but not limited to, alanine. . ,
{0324] Libraries of mutant RSs can be generated using varions techniques known in the art, including but not
limited to rational design based -on protein three dimensional RS structure, or mutagenesis of RS nuclentides in a
random or rational design technique. For example, the mutant RSs can be generated by site-specific mutations,
random mutations, diversity generating recombination mutations, chimeric constructs, rational design and by other
methods described herein or known in the art, . ‘
(0325} In one embodiment, selecting (and/or screening) the library of RSs (optionally mutant RSs) for members .
that are active, including but not limited to, that aminoacylate an orthogonal tRNA. (O-tRNA) in the presence of a
non-natural amino acid and a natural amino acid, includes: introducing a positive selection or screening marker,
inc!u'ding but not limited to, an antibiotic resistance gene, or the like, and the library of (optionally mutant) RSs into
a plirality of cells, wherein the positive selection and/or screening marker comprises at Jeast one selector codon,
including but not limited to, an amber codon, ochre codon, opal codon, a unique codon, a rare codon, an unnatural
codon, 2 five-base codon, and a four-base codon; growing the plurality of cells in the presence of a selection apent;
identifying cells that survive (or show a specific response) in the presence of the selection and/or screening agent by
suppressing the at least one selector codon in the positive selection or scresning marker, thereby providing a subset
of positively selected cells that contains the pool of active (optionally mutant) R8s, Optionally, the selection and/or
screening agent concentration can be varied,
{6326} ‘In one aspect, the positive selection marker is & chioramphenicol acetyltransferase (CAT) gene and the
selector codon is an-amber stop codon in the CAT gene, Optionally, the positive selection marker is a f-lactamase
gene and the selector'codon is an amber stop codon in the B-lactamase gene. In another aspect the positive screening
marker comprises 2 fluorescent or luminescent screening marker or an affinity based screening marker Gncluding
but not limited to, a cell surface marker). .
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{0327} In one embodiment, negatively selecting or screening the poo!l for active RSs (optionally mutants) that
preferentially aminoacylate the O-tRNA in the absence of the non-natural amino acid includes: introducing a
negative selection or séreening marker with the poo! of active (optionally mutant) RSs from the positive selection or
screening -into a plurality of cells of a second organism, wherein the negative selection or screening marker
comprises at least one’selector codon (including but not limited to, an antibiotic resistance gene, including but'not
limited to, a chloramphenicol acetyliransferase (CAT) gene); and, identifying cells that survive or show a specific
screening response in a first medium supplemented with the non-natoral amino acid and a screening or selection
agent, but fail to survive or to show theA s{:eciﬁc response in a second medium not supplemented with the non-natural
amino acid and the selection or screening agent, thereby providing surviving cells or screened cells with the at least
one recombinant O-RS. For example, a CAT identification protocol optionally acts as a positive selection and/or a
negdtive screening in determination of appropriate O-RS recombinants, For instance, a pool of clones is optionally
replicated on growth plates containing CAT (which comprises at least oné seletor eadon) either with or without one
or more non-natural amino acid. Colonies growing exclusively on the plates containing non-natural amino acids are
thus regarded as containing recombinant O-RS. Tn one aspect, the concentration of the selection (and/or screening)
agent is varied. In some aspects the first and second organisms are different. Thus, the first and/or second organism
optionally comprises: a prokaryote, a eukaryote, a mammal, an Escherichia coli, a fungi, a yedst, an
archaebacterium, a cubacterium, a plant, an insect, a profist, etc, In other embodiments, the screening marker
comprises a fluorescent or luminescent screening marker or an affinity based screening marker.

[D328} In another embodiment, screening or selecting (including but not limited to, negatively. selecting) the: -
poo! for active (optionally mutant) RSs includes: isolating the pool of active mutant RSs from the positive selection
step (b); introducing a negative selection or screening marker, wherein the negative selection or screening marker
comprises at least one selector codon (including but not limited to, a toxic marker gene, including but not limited to,
a ribonuclease barnase gene, comprising at least one selector-codon), and the pool of active (optionally mutant) RSs
into a plurality of cells of a second organism; and identifying cells that survive or show a specific screening response
in a first medium not supplemented with the non-natural amino acid, but fail to survive or show a specific screening
response in a second medium supplemented with the non-natural amino acid, thereby providing surviving or
screened cells with the at least one recombinant O-RS, wherein the at least one recombinant O-RS is specific for the
won-natural amino acid. In one aspect, the at Jeast one selector codon comprises about two or more selector codons.
Such embodiments optionally can include wherein the at least one selector codon comprises two or more selector
codons, and wherein the first and second organism are different (including but not limited to, each organism is
optionally, including but not limited to, a prokaryote, a eukaryate, 2 mammal, an Escherichia co}i, a fungi, a yeast,
an archaebacteria, a eubacteria, a plant, an insect, a protist, etc.). Also, some aspects-include wherein the negative
selection marker comprises a ribonuclease barnase gene (which comprises at least one selector codon), Other aspects
include wherein the screening marker optionally comprises a fluorescent or Juminescent screening marker or an
affinity based screening marker. In the embodiments herein, the screenings and/or selections optionally include
variation of the screening and/or selection stringency. .

[0329] In one embodiment, the methods for producing at least one recombinant orthogonal aminoacy!tRNA
synthetase (O-RB) can further comprise: (d) isolating the at least one recombinant O-RS; {¢) génerating a second set
of O-RS (optionally mutated) derived from the at Jeast one recombinant O-RS; and, {f) repeating steps (b) and (c)
until a mutated O-RS is obtained that comprises an ability to preferentially aminoacylate the O-tRNA. Optionatly,
steps (d)-(f) are repeated, including but not limited to, at least about two times. In one aspect, the second set of
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mutated O-RS derived from at 1gast one recombinant O-RS can be generated by mutagenesis, including but not
fimited to, random mutagenesis, site-specific mutagenesis, recombination or a combination thereof.

* {03301 The stringency"of the s’gl&ctibnlscrccning steps, including but not limited to, the positive

selection/screening step (b), the negative selection/screening step (¢) or both the positive and negative
selection/screening steps (b) afd (c), in the above-described methods, optionally includes varying the
selection/sereening stringency. In another embodiment, the positive selection/screening step (b), the negative -
selection/screening step (¢) or both the positive and negative selection/screening steps (b) and () comprise using a
reporter, wherein the reporter js detected by fluorescence-activated cell sorting (FACS) or wherein the réporter is
detetted by Iuminescence, Optionally, the reporter is dispiayed on a cell surf;\ce, on a phage display or the like and
selected based upon affinity or catalytic activity involving the non-patural amino acid or an analogue, In one
embodiment, the mutated synthetase is displayed on a cell surface, on a phage display or the like.

[6331} Methods for producing a recombinant orthogonal tRNA (O-tRNA) include: () generating a library of
mutant tRNAs derived from at least one tRNA, including but not limited to, a suppressor tRNA, from a first
organism; (b) selecting (including but not limited to, negatively selecting) or screening the library for (optionally
mutant) tRNAs that are aminoacylated by an aminoacyl-RNA synthetase (RS) from a second orga;;ism in the

" absence of a RS from the first organism, thereby providing a pool of tRNAs (aptionally mutant); and, (¢) selecting

or screening the pool of tRNAs (optionally mutant) for members that are aminoacylated by an introduced orthogonat
RS (O-RS), thereby providing at least one recombinant O-tRNA; wherein the at least one recombinant O-tRNA.
recognizes a selector codon and is not efficiency recognized by the RS from the second organisra and is
preferentially aminoacylated by the O-RS, In some embodiments the at least one tRNA is a suppressor tRNA and/or
comprises & unique three base codon of natural and/or unnatural bases, or is a nonsense codon, a rare codon, an
unnatural codon, a codon comprising at least 4 bases, an amber codon, an ochre codon, or an opal stop codon. In one
embodiment, the recombinant O-tRNA possesses an improvement of orthogonality. Tt will be-appreciated that in
some embodiments, O-fRNA is optionally imported into a first organism from a second organism without the need
for modification. In various embodiments, the first and second organisms are either the same or different and are
optionally chosen from, including but not limited fo, prokaryotes {including but not limited to, Methanococcus
Jannaschii, Methancbacterium thermoautotropkicum, Escherichia coli, Halobactérium, etc.), eukaryotes, mammals,
fungi, yeasts, archacbacteria, cubacteria, plants, insects, protists, etc. Additionally, the recombinant tRNA is
optionally aminoacylated by a non-natural amino acid, wherein the non-natural amino acid is biosynthesized in viva
either naturally or through genetic manipulation. The non-natural amine acid is optionally added to a growth
medium for at least the first or second organism. . . e

10332]) In one aspect, selecting (including but not limited to, negatively selecting) or screening the library for

_ {optionally mutant) tRNAs that are aminoacylated by an aminoacyl-tRNA synthetase (step (b)) includes: introducing

a toxic marker gene, wherein the toxic marker gene comprises at least one of the selector codons (or a gene that
leads to the production of a toxic or static agent or a gene essential to the organism wherein such marker gene
comprises af least one sejector codon) and the library of (optionaily mutant) tRNAs into a plurality of cells from the’
second organism; and, selecting surviving cells, wherein the surviving cells contain the pool of (optionally mutant)
tRNAs comprising at least one orthogonal tRNA or nonfunctional tRNA. For example, surviving cells can be
selected by using a comparison ratio cell density assay.

10333] In another aspect, the loxic marker gene can include two or more selector. codons. In. another
embodiment of the methods, the toxie marker gene is a ribonuclease bamase gene, where the ribonuclease barnase
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gene comprises at Jeast one amber codon. Optionally, the ribonuclease barnase gene can include two or more amber
codons. : -

{033"4] In one embodiment, selecting or scfeening the pool of (optionally mutant) tRNAs for members that are
aminoacylated by an introduced orthogonal RS (O-RS) can include: introducing a positive selection or sereening
marker gene, wherein the positive marker géne comprises a dljug resistance gene (including but not limited to, f-
lactamase gene, comprising at least one of the selector codons, such as at least one amber stop codon) or a gene
essential to the organism, or a gene that leads to detoxification of a toxic agent, along with the O-RS, and the paol of
(optionaily mutant) tRNAs into a plurality of cells from the second organism; and, identifying surviving or screened
cells grown in the presence of a selection or screening agent, including but not limited to, an antibiotic, thereby
providing a pool of cells possessing the at Jeast one recombinant fRNA, where the at least recombinant tRNA is
aminoacylated by the O-RS and inserts an amino acid into a translation product encoded by the positive marker
gene, in response to the at least one selector codons. In.another embodiment, the concentration of the selection
and/or screening agent is varied. ’

[0335]) Methods for generating specific O-tRNA/O-RS pairs are provided. Methods include: (a) generating a
(ibrary of mutant tRNAs derived from at least one tRNA. from a first organism; (b) negatively selecting or sereening
the library for (optionatly mutant) tRNAs that are aminoacylated by an aminoacyltRNA synthetase (RS) from a
secand organismu in the absence of a RS from the fitst organism, thereby providing a paol of (opticnally mutant)
tRNAS; (c) selecting or screening the pool of (optionally mutant) tRNAs for members that are aminoacylfated by an
introduced orthogonal RS (O-RS), thereby providing at least one recombinant O-tRNA. The at least one
recombinant O-tRNA recogmizes a selector codon and is not efficiency recognized by the RS from the second
organism and is preferentially aminoacylated by the O-RS. The method also includes (d) generating a library of *
(optionally mutant}) RSs derived from at least one aminoacyl-tRNA synthetase (RS) from a third organism; (e)
selecting or screening the library of mutant RSs for members that preferentially aminoacylate the at least one
recombinant O-tRNA in the presence of a non-natural amino acid and z; natural amino acid, thereby providing a pool
of active (optionally mutant) RSs; and, (f) negatively selecting or screening the pool for active (optionally mutant)
RSs that preferentially aminoacylate the at least one recombinant O-tRNA in the absence of the non-natural amino

acid, thereby providing the at least one specific O-tRNA/O-RS pair, wherem the at least one specific O-tRNA/O-RS

pair comprises at least one recombinant O-RS that is specific for the von-natural amino acid and the at least one
recombinant O-tRNA. Specific O-tRNA/O-RS pairs produced by the methods are included. For ecxample, the
specific O-tRNA/O-RS pair can include, including but not limited to, a mutRNATYr-mutTyrRS" pair, such as a
mutRNATyr-SS12TyRS pair, 2 mutRNALeuw-mutLeuRS {)Air, 2 muRNAThr-mutThrRS pair, a mutRNAGIu-
mutGIluRS pair, or the like, Additionally, such methods include wherein the first and third organisrﬁ are the same
(including but not limited to, Methanococcus jannaschii).
}0336] Methods for selecting an orthogonal tRNA-tRNA synthetase pair for use in an s vivo translation system
of 2 second organism are also included in the methods described herein. The methods include: infroducing a marker
gene, 2 tRNA and an aminoacyl-tRNA synthetase (RS) isolated or derived from a first organism into a first set of
cells from the second organism; introducing the marker gene and the tRNA into 2 duplicate cell set from a second
organism; and, selecting for surviving cells in the first set that fail to survive in the duplicate cell set or screening for
cells showing a specific screening response that fail to give such response in the duplicate cell set, wherein the first
sct and the duplicate cell set are grown in the presence of a selection or screening agent, wherein the surviving or
sereened cells comprise the orthogonal tRNA-RNA synthetase pair for use in the in the in vive translation system of
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the second organism..In one embodiment, comparing and selecting or screening includes an in vivo
complementation assay. The concentration of the selection Or screening agent can bt varied.

[0337} The organisms described herein comprise a variety of organism and a variety of combinations. In one
embodiment, the organisms are optionally a prokeryotic organism, including but not limited to, Methanococcus
Jjannaschii, Methanobacterium thermogautotrophicim, Halobacterium, Escherichia coli, 4. fulgidus, P. Juriosus, P.
horikoshii, A. pernix, T. thermophilus, or the like, Alternatively, the organisms optionally comprise & eukaryotic
organism, including but not limited to, plants (including but not Iimite'd to, comple:& plants such as monocots, or
dicots), algae, protists, fungi (including but not limited to, yeast,‘etc), animals (including but not limited to,
mammals, insects, arthropods, etc,), or the like, . -

A. Expression in Non-Enkaryotes and Eukaryotes

[0338] The techniques disclosed in this section can be applied to the expression in non-eukaryotes and
eukaryotes of the non-natural amino acid polypeptides described herein. o

[0339] To obtain high level expression of a cloned polynucleotide, one typically subclones polynucleotides
encoding a desired polypeptide into an expression vector that contains a strong promoter to direct transcription, a
transcription/translation terminator, and if for a nucleic acid encoding a protein, a_ribosome binding site for
translational initiation. Suitable bacterial promoters are described in, e.g., in Sambrook ef al. and Ausube] et al. .
[0340} .Bacterial expression systems for expressing polypeptides are available in, including but not Iimited to,
E. coli, Bacillus sp., Pseudomonas fluorescens, Pseudomonas aeruginosa, Pseudomonas putida, and Salmonella
(Palva ef al., Gene 22:329-235 (1983); Mosbach et al., Nature 302:543-545 (1983), Kits for such expression systems
are commercially available. Eukaryotic expression systems for mammalian cells, yeast, and insect cells are also
coinmercially available. In cases where orthogonal tﬁNAs and aminoacy] tRNA synthetases (described elsewhere
hierein) are used to express the polypeptides, host cells for expression are selected based on their ability to use the
orthogonal components. Exemplary host cells include érammositivé bacteria (including but not limited to B. brevis

.or B. subtilis, or Streptomyces) -and Gram-negative bacteria (E. colf or Pseudomonas fhiorescens, Pseudomonas-

aeruginosa, Pseudomonas putida), as well as yeast and other evkarybdtic cells. Cells comprising O-tRNA/O-RS pairs

. can be used as described herein.

10341] A eukaryotic host cell or non-eukaryotic host cell as described herein provides the ability to synthesize
polypeptides which comprise non-patural amino acids in large usefal quantities. In one aspect, the composition
optionally includes, but is not limited to, at Icast 10 micrograms, at least 50 micrograms, at least 75 micrograms, at
least 100 micrograms, at least 200 micrograms, at Jeast 250 micrograms, at least 500 micrograms, at least 1
milligram, at teast 10 milligrams, at least 100 milligrams, at least one gram, or more of the polypeptides that
compfises a non-natural amino acid, or an amount that can be achieved with in vivo polypeptide production methods
{details on recombinant protein production and purification are provided herein). In another aspect, the protein is
optionally present in the composition at a concentration of, including but not limited fo, at least.10 micragrams of
pelypeptide per liter, at least 50 micrograms of polypeptide per liter, at Jeast 75 micrograms of polypeptide per liter,
at least 100 micrograms of polypeptide per liter, at least 200 micrograms of polypeptide per liter, -at least 250
micrograms of polypeptide per liter, at least 500 micrograms of polypeptide per liter, 2t least 1 milligram of
polypeptide per liter, or at least 10 milligrams of polypeptide per Iiter or more, in, including but not limited to, a cell.
lysate, a buffer, a pharmaceutical buffer, or other liquid suspension (including but not limited to, in a voiume of,
anywhere from about 1 n] to about 100 L or more). The production of large quantities (including but rot Hmited to,
greater that that typically possible with other methods, including but not limited to, in vitro trauslation) of a protein
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in a eukaryotic cell including at léast one non-natural amino acid is a feature of the methods, techniques and
compositions described herein. )

10342} A enkaryotic host cell or non-eukaryotic host cell as described herein provides the ability to
biosynthesize proteins that comprise non-natural amino acids in large useful quantities. For example, proteins
comprising a non-natural amino acid can be produced at a concentration of, including but not limited to, at Jeast 10
pg/liter, at least 50 pg/liter, at least 75 pg/liter, at least 100 pg/fiter, at least 200 pg/liter, at least 250 pg/liter, or at
Jeast 500 ugfliter, at least 1mg/liter, at least 2mg/liter, at Jeast 3 ;nglliter at Jeast 4 mg/liter, at least 5 mg/liter, at
least 6 mg/liter, at ieast 7 mgfliter, at Jeast 8 mg/fiter, at least 9 mg/liter, at least 10 mg/iiter, at least 20, 30 40, 50,
60, 70, 80, 90, 100 200, 300, 400, 500, 500, 700, 800, 900 mg(liter, 1 g/liter, § g/liter, 10 g/liter or more ot‘ protein
in a cell extract, cell lysate, cufture medium, a buffer, and/or the like.

1. Expression Systems, Culture, and Isolation '

{0343} The techniques disclosed in this sﬁcti&n can be applied io the expression systems, culture and isolation
of the non-natural amine acid polypeptides described herein. Non-natural amino acid palypeptides may be expressed
in any number of suitable expres.sion systems including, but not Yirited to; yeast, insect cells, mammalian cells, and
bacteria. A description of exemplary expression systcm; is provided herein,

{0344] Yeast As used herein, the term “yeast” includes any of the various yeasts capable of expressing a gene
encoding the non-natural amino acid polypcphde. Such yeasts include, but are not limited to, ascosporogenous
yeasts (Endomycetales), basxd:osporogenous yeasts and yeasts belonging to the Fungi lmperfectl {Blastomycetes)
group. The ascosporogenous yeasts are divided into two families, Spermophthoraceas and Saccharomycetaceqe,
The latter is comprised of four subfamilies, Schizosaccharomycoidece {(e.g., genus Schizosaccharomyces),
Nadsonloideae, Lipomycoideae and Saccharomycoideae (e.g., genera Pichia, Kluyveromyces and Saccharomyces).
The basidiosporogenous yeasts include the genera Leucosporidium, Rhodosporidium, Sporidiobolus, Filobasiditm,
and Filobasidiella. Yeasts belonging to the Fungi Imperfecti {Blastonycetes) gro’up are divided into two families,
Sparobolomjcetace;ze {e.g.; penera Sporobolonyces and Bullera) and Cryptococcaceae (e.g., genus Candida).
[0345] In certain embodiments, the species within the genera Pichia, Kluyveromyces, Saccharomyces,
Schizosaccharomyces, Hansenula, Torulopsis, and Candida, inciuding, but not limited to, P. pastoris, P.
guillerimondii, S. cerevisiae, S. carlsbergensis, S. diastaticuys, S, doug,lasii, S, kluyveri, S, norbensis, S. oviformis, K.
lactis, K. fragilis, C. albicans, C. maltosa, and H. polymorpha are used in the methods, technigues and compositions

described herein.

{0346] The selection of suitable yeast for expression of the non-natural amino acid polypeptide is within the
skill of one of ordinary skill in the art, In selecting yeast hosts for expression, suitable hosts may include, but are not
Timited to, those shown to have, by way of example, good secretion capacity, low proteolytic activity, and overall
robustness. Yeast are generally available from 2 variety of sources including, but not limited to, the Yeast Genetic
Stack Center, Department of léiophysics and Medical Phi's'ics; UnTv.ersity of California (Berkeley, "CA), and she
American Type Culture Collection (“ATCC”) (Manassas, VA).

0347} The term “yeast host” or “yeast host cell” includes yeast that can be, or has been, used as a recipient for
recombinant vectors or other transfer DNA, The term includés the progeny of the original yeast host cell that has
received the recombinant vectors or other transfer DNA. It is understood that the progeny of a single parental cgll
may not necessarily be completely identical in morphology or in genomic or tota] DNA complement to the original
parent, due to accidental or deliberate mutation. Progeny ofthe pavental cell that are sufficiently similar to the parent
to be characterized by the relevant property, such as the presence of a nucleotide sequence encoding a.non-natural
amino acid polypeptide, are included in the progeny intended by this definition.
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[0348) Expression and transformation vectors, including extrachromosomal replicons or integrating vectors,

have been. developed for fransformation into many yeast hosts. For example, expression vectors have been

developed for S. cerevisiae (Sikerski et al,, Genetics (1598) 122:159; Tto et al,, J. Bacteriof. {1983) 153:163; Hinnen

et al,, Proc. Natl. Acad. Sci. USA (1978) 75:1929); C. albicans (Kurtz ¢t al,, Mol. Cell. Biol. (1986) 6:142); C.
maltosa (Kunze et al,, J, Basic Microbiol. (1985) 25:141); H. polymorpha (Gleeson et al., J. Gen. Microbiol. (1986)
132:3459; Roggenkamp et al, Mol. Gen. Genet. (1986) 20i:302); K, fragilis (Das et al., J. Bacteriol. (1984)
153:1165); K. lactis (De Louvencourt et al., J. Bacteriol. (1983) 154:737; Van den Berg et al,, BiofTechnology
(1990) 8:135); P. guillerimondii (Kunze et al,, J. Basic Microbiol, (1985) 25:141); P. pastoris (U.5. Patent Nos,
5,324,639; 4,929,555; and 4,837,148; Cregg et al,, Mol. Cell, Biol. (1985) 5:3376); Schizosaccharomyces pombe
(Beach et al,, Nature (1982) 300:706); A. nidulans (Ballance et al., Biochers. Biophys. Res. Commun. (1983)
112:284-89; Tilburn cf al,, Gene (1983) 26:205-221; and Yelton et al.,, Proc. Natl. Acad. Sci, USA (1984) 81:1470-
74); A. niger (Kelly and Hynes, EMBO 1. (1985) 4:475-479); T. reésia (EP D 244 234); and filamentous fungi stich

as, e.g., NeurosPora, Penicillium, Tolypocladium (WO 91/00357), each herein incorporated by reference in their

nnrety '

[0349} Control sequences for yeast vectors include, but are not limited to, promoter regions from genes such as
alcohol dehydrogenase (ADH) (EP 0 28;1 044); -enolase;  glucokinase; glucose-6-phosphate  isomerase;
glyceraldehyde-3-phosphate-dehydrogenase (GAP or GAPDH); hexokinase; phosphofructokinase; 3~
phosphogliycerate mutase; and pyruvate kinase (PyK) (EP 0 329 203). The yeast PHOS gene, encoding acid
phosphatase, also may pravide useful promater sequences (Mivanohara et al., PROC. NATL. ACAD. Sc1. USA (1983)
80:1). Other suitable promoter sequences for use with yeast hosts may include the promoters for 3-phosphoglycerate
kinase -(Hitzeman et al, J. BlOL. CHEM. (1980} 255:12073); and other glycolytic enzymes, such as pyruvate
decarboxylase, tricsephosphate isomerase, and phosphoglucose isomerase (Holland et al., BIOCHEMISTRY (1978)
17:4900; Hess et al, J. ADV. EN2ZYME REG. (1969) 7:149). Inducnble veast promoters having the addmonal
advantage of transcription contvolled by growth conditions may include the promoter regions for alcohol
dehydrogenase 2; isocytochrome C; acid phosphatase; metallothionein; glyceraldehyde-3-phosphate dehydrogenase;
degradative enzymes associated with nitrogen metabolism; and enzymes responsible for maltose and galactose
utilization. Suitable vectors and promoters for use in yeast expression are further described in EP 0 073 657.

10350] Yeast cnhanccrs also may be used with yesst promoters. In addition, synthetic promoters may also
function as yeast promoters. By way of example, the upstream activating sequences (UAS) of a yeast promoter may
be joined with the transcription activation region of another yeast promoter, creating 2 synthetic hiybrid promoter.
Examples of si!ch hybrid promaters include the ADH regulatory sequence linked to the GAP transcription activation
regiori. See U.S. Patent Nos, 4,880,734 and 4,376,197, which are incorporated by reference herein in their entirety..
Other examples of hybrid promoters include promoters that cowsist of the regulatory sequences of the ADH2,

" GALA, GAL1Q, or PHOS genes, combined with the transcriptional activation region of a glycolytic enzyme gene

such as GAP or PyK. Sez EP 0 164 556. Furthermore, a yeast promoter may include naturally occurring promoters
of non-yeast origin that have the ability to bind yeast RNA polymerase and initiate transcription.

10351] Other contro] elements that may comprise part of the yeast expression vectors include terminators, for
example, from GAPDH or the enolase genes (Holland et al., J. BIOL. CHEM. {1981) 256:1385). In addition, the
origin of replication from the 2)1 plasmid origin is suitable for yeast. A suitable selection gene for use in yeast is the
t#pl gene present in the yeast plasmid. See Tschumper et al., GENE (1980) 10:157; Kingsman et al,, GENE (1979)
7:141, The #pl gene provides a selection marker for a mutant strain of yeast lacking the ability to grow in
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. tryptophan, Similarly, Leu2-deficient yeast strains (ATCC 20,622 or 38,626) are complemented by known plasmids

bearing the Leu2 gene.

j0352) Methods of inu-oducing: exogenous DNA into.ycast hosts include, but ar2 not limited fo, either the
transformation of spheroplasts or of intact yeast host cels treated with alkali cations. By way of example,
transformation of yeast can be carried out according to thé method deseribed in Hsfao ¢t al., PROC. NATL. ACAD.
SC1. USA (1979) 76:3829 and Van Solingen et al,, 3. BACT. (1977) 130:546. However, other methods for intraducing
DNA into cells such as by nuclear injéétion, electroporation, or protoplast fusion may also be used as described
generally in SAMBROOK ET AL., MOLECULAR CLONING: A LAB. MANUAL (2001). Yeast host cells may then be
cultured using standard techniques known to those of ordinary skill in the art.

10353} Other methods for expressing hetérologous proteins in yeast host cells are well known to those of
ordinary skill in the art. See generally U.S. Patent Publication No, 20020055169, U.S. Patent Nos. 6,361,969;
6,312,923; 6,183,985; 6,083,723; 6,017,731; 5,674,706; 5,629,203; 5,602,034; and 5,089,308; U.S. Reexamined
Patent Nos. RE37,343 and RE35,749; PCT Published Patent Applications WO 99/07862; WO 98/37208; and WO
98/26080; European Patent Applications EP 0 946 736; EP 0 732 403; EP 0 480 480; WO 90/10277; EP 0 340 986;
EP 0 329 203; EP 0 324 274; and EP 0 164 556. See also Gellissen et al,, ANTONIE VAN LEEUWENHOEK (1992)
62(1:2):79-93; Romanos et al,, YEAST (1992) 8(6):423~488; Goeddel, METHODS IN ENZYMOLOGY (1390) 185:3-7,
each incorporated by reference herein in its entirety.

.]0354)  _ The yeast host strains may be grown in fermentors during the amplification stage using standard feed

batch fermentation methods. The fermentation methods may be adaﬁtcd to account for differences in a particolar
yeast host’s carbon utilization pathway or mode of expression control, By way of example, fermeatation of a
Saccharomyces yeast host may require 2 single glucose feed, complex nitrogen source (e.g., casein hydrolysates),
and multiple vitamin supplementation,, whereas, the methylotrophic yeast P. pasforis may require glycerol,
methanol, and trace mineral feeds, but only simple ammonium (nitrogen) saits for Bptimal growth and expression.
See, e.g., U.S. Paent No. 5,324,639; Elliott et al., J. PROTEIN CHEM. (199D) 9:95; and Fieschko et al,, BIOTECH,
Blc;éﬁc. (1987) 29:1113, cach incorporated by reference herein in its entirety.

[0355] Such fermentation methods, however, may have certain common features independent of the yeast host
strain employed. By way of example, a growth limiting nutrient, typically carbon, may be added to the fermentor
during the amplification phase to allow maximal growth. In addition, fermentation methods generally employ a
fermentation medium designed to contain adequnate amounts of carbon, nitrogen, basat salts, phosphorus, and other
minor nutrients (vitamins,'trace mirerals and salts, cfc.). Examples of fermentation media suitable for use with
Pichia are described in U.S. Patent Nos. 5,324,632 and 5,231,178, each incorporated by reference herein in its

entirety. . . .. » R

{0356} Baculovirug-infected Insect Cells The term “insect host” or “insect host celf” refers 10 an insect that can
be, or has been, used as a recipient for recombinant vectors or other transfer DNA. The ter includes the progeny of
the original insect host cell that has been transfected. It is understood that the progeny of a single parental cell may
not necessarily be completely jdeatical in morphology or in genomic or total DNA complement to the original
parent, due to accidental or deliberate mutation, Progeny of the parental cell that are sufficiently similar to the parent
to be characterized by the relevant property, such as the presence of a nqcleotide sequence encoding a non-natural
amino acid polypeptide, are included in the progeny intended by this definition.

[0357] The selection of suitable insect cells for expression. of & polypeptide is well known to those of ordinary
skill in the art. Several insect species are well described in the art and are commercially available including, but not
timited to, Aedes aegypti, Bombyx mori, Drosophila metanogaster, Spodoptera frugiperdn, and Trickoplusia nt. In
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seletting insect hosts for expression, suitable hosts may include, but are not limited to, those shown to have, infer
alia, good secretion capacity, low proteolytic activity, and overall robustness. Insect are generally available from a
variety of sources including,-but not limited to, the Insect Genetic Stock Center, Department of Biophysics and
Medical Physics, University of California (Beskeley, CA); and the American Type Culture Collection (*ATCE”)
(Ma;)assas, VA).

{0358] Generally, the components of 2 baculovirus-infected insect expression system include a transfer vector,
usually'a bacterial plasmid, which contains both a fragment of the baculovirus genome, and a convenient restriction
site for insertion of the heterologous geneto be expressed; a wild type baculovirus with a sequence homalo:gous to
the baculavirus-specific fragment in the transfer vector (this allows for the homologous recombination of the
heterologous gene in to the baculovirus genome); and appropriate insect host cells and growth media. The matcrials,. i
methods and techniques used in constructing vectors, ransfecting cells, picking plaques, growing cells in culture,
and the like are known in the art and manuals are available describing these techniques.

10359 After inserting the heterologous gene into the transfer vector, the vector and the wild type viral genome
are transfected inta an insect host cell where the vector and viral genome secombine. The packaged \.'e’combinant
virus is expressed and recombinant plaques are identified and purified, Materials and methods for baculovirus/insect
cell expression systems are commercially-available in kit form from, for example, Invitrogen Corp, (Carlsbad, CA).
These techniques are described in SUMMERS AND SMITH, TEXAS AGRICULTURAL EXPERIMENT STATION BULLETIN
No. 1555 (1987), herein incorporated by reference. See also, RICHARDSON, 39 METHODS N MOLECULAR BIOLOGY:
BACULOVIRUS EXPRESSION PROTOCOLS (1995); AUSUBEL ET AL., CURRENT PROTOCQLS IN'MOLECULAR BIOLOGY
16.9-16.11 (19945-, KNG AND POSSEE, THE BACULOVIRUS SYSTEM: A LABORATORY GUIDE {1992); and O’REILLY ET

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

10360} The production of various heterologous proteins using baculovirus/insect cell expression systems is
described in the following references and such techniques can be adapted to produce the non-natural amino acid
polypeptides described herein. See, e.g, U.S. Patent Nos. 6,358,825; 6,342,216; 6,338,346; 6,261,805; 6,245,528,
6,225,060; 6,183,987; 6,168,932; 6,126,944; 6,096,304; 6,013,433; 5,965,393; 5.939,285; 5,891,676; 5,871,986;
5,861,279; 5,858,368; 5,843,733; 5,762,939; 5,753,220; 5,605,827; 5,583,023; 5,571,709; 5,516,657;5,290,686;
WO 02/06305; WO 01/90390; WO 01/27301; WO 01/05956; WO 00/55345; WO 00/20032 WOQ 99/51721;
WO 99/45130; WO 99/31257; WO 99/10515; WO 99/09193; WO 97/26332; WO 96/29400; WO 96/25496;
WO S6/06161; WO 95/20672; WO 93/03173; WO 92/16619; WO 02/02628; WO 52/01801; WO 90/14428;
WO 90/10078; WO 90/02566; WO 90/62186; WO 90/01556; WO 89/01038; WO 89/01037; WO 88/07082., each
incorporated by reference herein in its entirety. - N

10361} Vectors that are useful in baculovirosfinsect cell expression systems are known include, but are not
limited to, insect expression and transfer vectors derived from the baculovirus Autographacalifornica nuciear
polyhedrosis virus (AcNPV), which is a helper-independent, viral expression vector. Viral-expression vectors
derived from this system usually use the strong viral polyhedrin gene promoter to drive expression of heterologous
genes, See generally, O Reilly ET AL., BACULOVIRUS EXPRESSION VECTORS: A LABORATORY MANUAL (1992),
[0362] Prior to inserting the foreign gene into the baculovirus genome, the above.described components,
comprising a promoter, leader (if desired), coding sequence of interest, and transcription termination sequence, are

* - typically assembled into an intermediate fransplacement construct (transfer vector). Intermediate transplacement

consiructs are often maintained in a replicon, such as an extra chromosomal element (e.g., plasmids) capable of

*stable maintenance in a host, such as bacteria. The replicon will have a replication system, thus allowing it to be

maintained in & suitable host for cloning and amplification, More specifically, the plasmid may contain the
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" polyhedrin polyadenylation signal (Miller, ANN, REV. MICROBIOL. (1988) 42:177) and a prokaryotic ampicillin-
resistance (amp) gene and origin of replication for selection and propagation in £. coli.

. -[0363] One commonly used fransfer vector for introducing foreign genes into AcNPV is pAc373. Many other
vectors, known to those of skill in the art, have also been designed including, for example, pVL985, which aiters the

5 polyhedrin start codon from ATG to ATT, and which introduces 2 BamHI cloning site 32 base pairs do}vnsueam
from the ATT. See Luckow and Summers, VIROLOGY 170:31 (1989). Other commercially available vectors include,
for examnple, PBlueBac4,5/V5-His; pBlueBacHis2; pMelBac; pBlueBac4.5 (Invitrogen Corp., Carlsbad, CA).

{0364 After insertion of the heterologous gene, the transfer vector and wild type baculovira! genome are co-
transfected into an insect ¢ell host, INustrative methods far introducinﬁ heterolagous DNA into the desired site in t’he

10 baculovirus virus are described iy SUMMERS AND SMITH, TEXAS AGRICULTURAL EXPERIMENT STATION BULLETIN
NO. 1555 (1987); Smith et al., MOL. CELL, BIOL. (1983) 3:2156; Luckow and Summers, VIROLOGY (1989) 170:31.
By way of example, the insertion can be into a gene such as the polyhedrin écﬁe, by homologous double crossever
recombination; insertion can also be into a restriction enzyme site engineered into the desired baculovirus gene. See
Miller et al., BIOESSAYS (1989) 11(4):91. )

15 {0365] Transféction may be accomplished by electroporation using methods described in TROTTER AND WGOOD,
39 METHODS N MOLECULAR BIOLOGY (l99§); Mam‘i and King, J-GEN:-VIROL. (1989) 70:3501.. Alternatively,
liposomes may be used to transfect the insect cells with the recombinant expression vector and the baculovirus. See,
e.g., Liebman ct al.,, BIOTECHNIQUES (1999) 26(1):36; Graves ct al., BIOCHEMISTRY (1998) 37:6050; Nomura et al.,
J. BIOL, CHEM. (1998) 273(22):13570; Schmidt et al., PROTEN EXPRESSION AND PURIFICATION (1998) 12:323;

0 siffert ot al, NATURE GENETICS (1998) 18:45; TILKINS ET AL., CELL BIOLOGY: A LABORATORY HANDBOOK 145~ 54 ¢ -
(1998); Cai et al,, PROTEM EXPRESSION AND PURIFICATION (1997) 10:263; Dolphin et al., NATURE GENETICS (1997)
17:491; Kost et al., GENE {1997} 190:139; Jakobsson et al., J. BIOL. CHEM. (1596) 271:22203; Rowles et al., J. BIOL,
CHEM. (1996) 271(37):22376; Reverey et ol,, J. BloL. CHEM. (1996) 271(39):23607-10; Stanley et al., J. BIOL, CHEM.
(1995) 270:4121; Sisk et al, J. VIROL, (1994} 68(2):766; and Peng et al., BIOTECHNIQUES t1993) 14(2):274.

5 Commeroially available liposomes include, for example, Cellfectin® and Lipofectin® (Invitrogen, Corp., Carlshad,
CA). In addition, calcium phosphate iransfection may be used, See TROTTER AND WOOD, 39 METHODS IN
MOLECULAR BIOLOGY (1995); Kitts, NAR (1990) 18(19):5667; and Mann and King, J. GEN. VIROL, (1989) 70;3501.
10366} Baculovirus expression vectors usually contain a baculovirus promoter. A baculovirus promoter is any
DNA sequence capable of binding a baculovirus RNA polymerase and initiating the downstream (3°) franscription

J  ofacoding sequence (e.g., structural gene) into mRNA. A promoter will have a transcription initiation region which
is vsually placed proximal to the 5° end of the coding sequence, This h'anscripfion initiation re}gion typically .

_ includes an RNA polymerase binding site and a transcription initiation site, A baculovirus prombdter rady also’have '
second domain called an enhancer, which, if present, is usually distal to the structural gene, Moreoves, expression
may be either regulated or constitutive, '

i [0367] Structural genes, abundantly transcribed at late times in the infection cycle, provide particularly useful
promoter sequences. Examples include sequences derived from the gene encoding the viral polyhedron protein
(FRIESEN ET AL., The Regulation of Bacudovirus Gene Expression in THE MOLECULAR BIOLOGY OF BACULOVIRUSES

- (1986); EP 0 127 839 and 0 155 476) and the gene encoding the p10 protein (Viak et al., J. GEN. VIROL. (1988)
" 69:765. . . . _
' [8368] The newly formed baculovirus expression vector is packagéd into an infectious recombinant baculovirus
- and subsequently grown plagues may be purified by technigues such as those deseribed in Miller et al,, BIOESSAYS
+ (1989) 11(4):91; SUMMERS AND SMITH, TEXAS AGRICULTURAL EXPERIMENT STATION BULLETIN NO, 1555 (1987).
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{0369) Recombinant bacolovirus expression vectors have been developed for infection into several insect cells.
For example, recombinant baculoviruses have been developed for, inter alia, Aedes aegypti (ATCC No. CCL-1285),
Boméyx mori (ATCC No. CRL-8910), Drosophila melanogaster (ATCC No. 1963), Spedoptera frugiperda, and
Trichoplusia ni. See Wright, NATURE (1986) 321:718; Carbonell et al,, J. VIROL. (1985) 56:153; Smith et al,, MOL.
CELL. BIOL, {1983} 3:2156. See generally, Fraser et ab, I¥ VITRO CELL, DEV. BIOL. (1989) 25:225, Mare
specifically, the cell lines used for baculovirus expression vector systems commonly include, but are not limited to,
St (Spodoptera fiugiperda) (ATCC No. CRL-1711), 521 (Spodoptera fmg)psrda) (Invm'ogen Corp., Cat, No.
11497-013 (Carlsbad, CA)), Tri-368 (Trichopulsia ni), and Figh-Five™ BTI-’I'N-SB'}—4 (Trwhopu!sra ni).

[0370) . Cells and culture media are commercially avajlable for both dircet and fusion expression of heterologous
polypeptides in a baculovirus/expression.

10371 E.Coli, Pseadomonas, and other Prokaryates: Bacterial expression techniques are well known in the art.
A wide variety of vectors are available for use in bacterial hosts. The vectors may be single copy or low or high
multicopy vectors. Vectors may serve for clc‘ming and/or expression. In view of the ample literatute concerning
vectors, commercial availability of many vectors, and even manuals deseribing vectors and their restriction maps
and charactenstxcs, no extensive discussion is required here. As is well-known, the vectors normally involve

markers allowing for selection, whuch markers may provide for cytotoxic agent resistance, prototrophy or immunity.

Frequently, a plurality of markers are present, which provide for different characteristics. i

037z} A bacterial promoter {s any DNA sequence capable of binding bacterial RNA palymerase and mmatmg
the downstream (3") transcription of a coding sequence (e.g. structural gene) into mRNA. A promoter will have a
transcription initiation region which is uswally placed proximal to the 5' end of the coding sequence. This
transcription initiation region typically includes an RNA. polymerase binding site and a transcription initiation site.
A bacterial promoter may also have a second domain called an operator, that may overlap an adjacent RNA
polymerase binding site at which RNA synthesis begins. The operator permits negative regulated (inducible)
transeription, as a gene repressor protein may bind the operator and thereby inhibit transcription of a specific gene,
Constitutive expression may occur in the absence of negative regulatory elements, such as the operator. In addition,
positive regulation may be achieved by a gene activator protein binding sequence, which; if present is usually
proximal (5) to the RNA polymerase binding sequenee. An exainple of a gene activator protein is the catabolite
activator protein (CAP), which heips initiate transcription of the lac operon in Escherichia coli (E. colf) [Raiband et
al., ANNU. REvV. GENET. (1984) 18:173]. Regulated expression may therefore be either posxtwe or negative, thereby
either enbancing or reducing transcription,

10373] Sequences encoding metabolic pathway enzymes provide particularly useful promoter sequences.
Examples include promoter sequences derived from shgar metabolizing enzymes, such as galactose, lactose (lac)
[Chang et al., NATURE (1977) 198:1056], and maltose. Additional examples include promoter sequences derived
from biosynthetic enzymes such es tryptophan (irp) [Goeddel et al,, Nuc. AcIDs RES. (1980) 8:4057; Yelverton et
al, NucCL. Acips Res, (1981) 9:731; U.S; Pat. No. 4,738,921; IFNPub, Nos, 036 776 and 121 775], each is herein
incorporated by reference in its entirety. The B-galactosidase (bla) promoter system [Weissmann (1981) “The
cloning of interferon and other mistakes™ In Interferon 3 (Ed. 1. Gresscr)], bacteriophage lambda PL [Shimatake ct
al, NATURE (1981) 292:128] and T5 [U.S‘. Pat, No. 4,689,406}, each is herein incorporated by reference in its
entirety promoter systems also provide useful promoter sequences. Preferred methods encompassed herein utilize
strong promoters, such as the T7 promoter to jnduce polypeptide production at high levels, Examples of such vectors
include, but are not litnited to, the pET29 series from Novagen,-and the pPOP vectors described in WO99/05297,

.
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which is herein incorporated by reference in its entirety. Such expression systems produce hi gh tevels of polypeptide
in the host without compromising host cell viability or growth parameters.

[0374] In addition, synthetic promoters which do not occur in nature also function as bacterial promoters. For
example, transcription activation sequences of one bacterial or bacteriophage promoter may be joined with the -
operon sequences of another bacterial or bacteriophage promoter, creating a synthetic hybrid promoter [U.S. Pat.
No. 4,551,433, which is herein incorporated by reference in its entirety], For example, the tac promoter is a hybrid
trp-lac promoter comprised of both trp promoter and lac operon sequences that is regulated by the lac repressor
[Amann et al,, GENE (1983) 25:167; de Boer et al., PROC. NATL. ACAD, Sci. (1983) 80:21], Furthermore, a bacterial
promoter can incinde naturally occurring promoters of non-bacterjal origin that have the ability to bind bacterial
RNA polymerase and initiate transcription. A naturally occurring promoter of non-bacterial origin can also be
coupled with a compatible RNA pelymerase to produce high levels of expression of some genes in prokaryotes. The
bacteriophage T7 RNA polymerase/promoter system is an example of a coupled promoter system [Studier et ai., J.
MoL. BioL. (1986) 189:113; Tabor et al,, Proc Natl, Acad. Sci. (1985) 82:1074]. In addition, a hybrid promoter can

* also be comprised of a bacteriophage promoter and an E. cali operator region {IFNPub. No. 267 851).

{0375} In addition to a functioning promoter sequence, an efficient ribosome binding site is also useful for the
expression of foreign genes in prokaryotes. In E. coli, thq ribosome binding site is called the Shine-Dalgamo (SD)
sequence and includes an initiation cadon (ATG) and a sequence 3-9 nucleotides in Icnéth located 3-11 nucleotides
upstream of the initiation codon [Shine et al., NATURE (1975) 254:34]. The SD sequence is thought to promote
binding of mRNA. to the ribosome by the pairing of bases between the SD sequence and the 3' and of E, cali 168
rRNA [Steitz et al. “Genetic.signals and nuclectide sequences in messenger RNA”, In Biological Regulation and
Development: Gene Expression (Ed. R. F. Goldberger, 1979)), To express eukaryotic genes and prokaryotic genes
with weak ribosome-binding site [Sambrook et al. “Expression of cloned genes in Escherichia coli”, Molecnlar
Cloning: A Laboratory Manual, 1989].

(0376]  The term “bacterial host™ ar “bacterial host cell” refers to a bacterial that can be, or has beer; used as a
recipient for recombinant vectors or other transfer DNA., The term includes the progeny of the original bacterial host
cell that has been transfected, It is understood that the progeny of a single parental cell may not necessarily be
completely identical in morphology or in genomio or total DNA complement to the original parent, due to accidental
or deliberate mutation. Progeny of the parental cell that are sufficiently similar to the parent to be characterized by
the relevant property, such as the presence of a nucleotide sequence encoding 2 polypeptide, ave included in the
progeny intended by this definition.

10377) The selection of suitable host bacteria for expression of a polypeptide is well known to those of ordinary
skill in the ast. In selecting bacterial hosts for expression, suitable hosts may include those shown to have, infer alia,
good inclusion body formation capacity, low protealytic activity, good secretion capacity, good soluble protein
praduction capability, and overall robustness. Bacterial hosts are generally available from a variety of sources
including, but not limited to, the Bacterial Genetic Stock Center, Department of Biophysics and Medical Physics,
University of California‘(Berkeley, CA); and the American Type Culture Collection (“ATCC”) (Manassas, VA).
Industrial/pharmaceutical fermentation generally use bacterial derived from X strains (e.g. W3110) or from bacteria
derived from B strains (e.g. BL21). These strains are particularly useful because their growth parameters are

-exiremely well known and robust. In addition, these strains are non-pathogenic, which is comsmercially important for

safety and environmental reasons. In one embodiment of the methods described and encompassed. herein, the E. coli
tost includes, but is not limited to, strains of BL21, DH10B, or derivatives thereof, In another embodiment of the
methods described and encompassed herein, the E. colf host is a protease minus strain including, but not limited to,
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OMP- and LON-. In another embodiment, the bacterial host is a species of Pseudomonas, such a P. fluorescens, P.
aeruginosa, and P. putida. An example of a Psendomonas strain is P. fluorescens biovar I, strain MBI0I (Dow
Chemical). . e - R

[0378} Once a recombinant host cell strain has been established (i.e., the expression construct has been
intrgduced into the host cell and host cells with the proper expr&ssior; construct are isolated), the recombinant host
cell strain is cultured under conditions appropriate for production of polypeptides. The method of culture of the
recombinant host cell strain will be dependent on the nature of the expression construct utilized and the identity of
the host cell. Recombinant host strains are nonﬁally cultured using methods that are well known fo the art,
Recombinant host cells are typically cultured in iquid medium containing assimilatable sources of carbon, nitrogen,
and inorganic salts and, optionally, containing vitamir'zs, amino acids, growth factors, and other proteinaceous
culture sypplements well known to the art. Liquid media for culture of host cefls may optionally contain antibiotics
or anti-fungals to prevent the growth.of undesirable microorganisms and/or compounds including, but not limited to,
antibiotics to select for host cells containing the expression vector.

10379) Recombinant host cells may be eultured in batch or continuous formats, with either cell harvesting (in
fhe case where the polypeptide accumulates intraceilularly) or harvesting of culture supematant in either batch or
continuous formats, For production in prokaryotic host cells, batch cultufe and cell harvest arc prefecred,

[0380] In one embodiment, the non-natural amino acid polypeptides described herein are purified after
expression in recombinant systems. The polypeptides may be purificd from host cells or culture medium by a variety
of methods known to the art, Normally, many polypeptides produced in bacterial host cells may be poorly soluble or
insofuble (in the form of inclusion bodies). in one embodiment, amino acid substitutions may readily be made in the
polypeptides that are selected for the purpose of increasing the solubility of the recombinantly produced polypeptide
utilizing the methods disclosed herein as well as those known in the art. In the case of insoluble polypeptide, the
polypeptide may be collected ﬁ'om host cell lysates by centrifugation or filtering and may further be followed by
homogenization of the cells. In the case of poorly soluble polypeptide, compounds including, but not limited to,
polyethylene imine (PEL) may be added to induce the precipitation of partially soluble polypeptide, The precipitated
protein may then be conveniently collected by centrifugation or filtering. Recombinant host cells may be disrupted
or homogenized to release the inclusion bodies from within the cells using a variety of methods well known to those
of ordinary skill in the art. Host cell disruption or homogenization may be performed using well known techniques
including, but not limited to, enzymatic cell disruption, sonication, dounce homogenization, or high pressure release
disruption. In one embodiment of the methods described and encompassed herein, the high pressure release
technique s used to disrupt the £, co/f host cells to refease the inclusion bodies of the polypeptides. When handling
inclusion bodies of polypeptides, it is advantageous to minimize the homogenization time on repetitions in order to
maximize the yield of inclusion bodies without loss due to factors such as solubilization, mechanical shearing or
proteolysis. .

|0381] Insoluble or precipitated polypeptides m'ay then be solubilized using any of a aumber of suitable
solubilization agents known to the art. By way of example, the polypeptides are solubilized with vrea or guanidine
hydrochloride. The volume of the solubilized polypeptides should be minimized so that large batches may be
produced using conveniently manageable batch sizes. This factor may be significant in a large-scale commercial
seiting where the recombinant host may be grown in batches that are thousands of Jiters in volume. In addition,
when manufacturing polypeptides in a lasge-scale commercial setting, in particular for human pharmaceutical uses,
the avoidance of harsh chemicals that can damage the machinery and container, or the protein product jtself; should
be avoided, if possible, It has been shown in the methods described and encompassed herein that the mild_er
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denaturing agent urea can be used to solubilize the polypeptide inclusion bodies in place of the harsher denaturing
agent guanidine hydrochloride. The use of urea significantly reduces the risk of damage to stainjess steel equipment
utilized in the manufacturing and purification process of a polypeptide while effic.i ently solubiliz.ing the polypeptide
inclusion bodies. . .

J0382] In the case of soluble polypeptidcs; the peptides may be secreted into the periplasniic space or into the
culture medium. In addition, soluble peptides may be present-in the cytoplasm of the host cells. The soluble peptide
may be concentrated prior 1o performing purification steps. Standard techniques, includiﬁg but-not limited to those *
described herein, may be vsed to concentrate sojuble pepﬁ&e from; by way of example, cell lysates or culture
medium, In addition, standard techniques, including but not limited to those described herein, may be used to disrupt
host cells and release soluble peptide from the cytc;p!asm or periplasmic space of the host cells.

§0383] When the polypeptide is produced as a fusion protein, the fusion sequence is preferably semoved.
Removal of a fusion sequence may be accomplished by methodé including,' but not limited to, enzymatic or
chemical cleavage, Enzymatic removal of fusion sequences may be accomplished using methods well known to
those in the art. The choice of enzyme for removal of the firsion sequence will be determined by the identity of the
fusion, and the reaction conditions will be specified by the choice of enzyme. Chemical cleavage may be
acco;nplished using reagents, including but not limited to, cyanogen bromide, TEV protease, and other reagents. The
cleaved polypeptide is optionally purified from the cleaved fusion sequence by well known methods. Such methods
will be determined by the identity and properties of the fusion sequence and the polypeptide. Methads for
purification may include, but are not limited to, size-exclusion chromatography, hydrophaobic interaction
chromatography, ion-exchange chromatoﬁraphy or dialysis or any combination th ereof.

[0384] The polypeptide is also optionally purified to remove DNA from the protein solution, DNA may be
removed by any suitable method known to the art, including, but not limited 10, precipitation or ion exchange
chromatography. In one embodiment, DNA is removed by precipitation with a nucleic acid precipitating agent, such
as, but not limited to, protar;;ine sulfate. The polypeptide may be separated from the precipitated DNA using
standard well known methods ipclyqing, but not limitgd to, centrifugation or filtration. Removal of host nucleic acid

. molecules is an important factor in a setting where the polypeptide is to be used to treat humans and the methods

described herein reduce host cell DNA to pharmaceutically acceptable levels.

[0385]  Methods for small-scale or large-scale fermentation may also be used in protein expression, including
but not limited to, fermentors, shake flasks, fluidized bed bioreactors, hollow fiber bioreactors, roller bottle culture.
systems, and stired tank bioreactor systems. Each of these methods can be performed in a batch, fed-batch, or
continuous mode process,

[0386] Human forms of the non-natural amino acid polypeptides described herein can generaily be recovered
using methods standard in the art., For example, culture medium or celt lysate can be centrifuged or filtered to
remove cellular debris. The supernatant may be concentrated or diluted to a desired volume or diafiltered into a
‘suitable buffer’to condition the preparation for further purification, Further purification of the non-natural amino
acid polypeptides described herein include, but are not iimited to, separating deamidated and clipped forms of a
polypeptide variant from the correspording intact form.

[0387] Any of the following exemplary procedures can be employed for purification of a non-natural amino
acid polypeptide described herein: affinity chromatography;.anfon- or cation-exchange chromatography (using,
inciuding but not imited to, DEAE SEPHAROSE); chromatography on silica; reverse phase HPLC; gel filiration
(using, including but not limited to, SEPHADEX G-75); hydrophobic interaction chromatography; size-exclusion
chromatography, metal-chelate chromatography;‘ uirafiltration/diafiltration; ethanol precipitation; ammonium

101



10

15

LT

Ea

suifate precipitation; chromatofocusing; displactment chromatography; electrophoretic procedures (including bot
not limited to preparative isoelectric focusing), differential solubility (including but niot limited to ammonium sulfate
precipitation), SDS“PAGE, or extractiom: )

103883 Polypeptides encompassed within the methods and compositions described herein, including but not
limited to, polypeptides comprising non-natural amino acids, antibadies to polypeptides comprising non-natural
amino acids, binding partners for polypeptides comprising non-natural amino acids, etc., may be purified, either
partially or substantially to homogeneny, according to standard-procedures known to and used by those of skill in
the art, Accordingly, polypeptides deseribed herein maybe recovered and purificd by any of a number of methods
well known in the art, including but not limited to, ammonium sulfate or ethanol precipitation, acid or base
extraction, column chromatography, affinity column chrematography, anjon or cation exchange chromatography,
phosphoceliulose chromatography, hydropho‘t;ic interaction chromatography, hydroxylapatite chromatography,
lectin chromatography, ge! electrophoresis and any combination thereof. Protein refolding steps can be used, as
desired, in making correctly folded mature proteins. High performance liquid chromatography (HPLC), affinity
chrofnatography or other suitable'methods Gan be employed in final purification éteps where Tigh purity is desired.
In one embodiment; antibodies ‘made against non-natural amine acids {or polypeptides caraprising non-naturat

‘amino acids) are used as punﬁcatlon reagents, including but not limited to, for affinity-based purification of

polypeptides comprising one or more non-natural amino acid(s). Once purified, partfally or to homogeneity, as
desired, the polypeptides are optionally used for a wide variety of utilities, including but not limited 1o, as assay
components, therapeutics, prophylaxis, diagnostics, research reagents, and/or as immunogens for antibody
production.

[0389] In zddition-to other references noted herein, a variety of purification/protein folding methods are well

+ known in the art, including, but not limited to, those set forth in R. Scopes, Protein Purification, Springer-Verlag, -

N.Y, (1982); Deutscher, Methods in Enzymology Vol. 182: Guide to Protein Purification, Academic Press, Inc.
N.Y- (1990); Sandana (1997) Bioseparation of Proteins, Academic Press, Inc,; Bollag et al. (1996) Protein Methods

2nd Edition Wiley-Liss, NY; Walker (1996) The Protein Protocals Handbook Humana Press, NI, Harris and Angal
(1990) Protein Purification Applications: A Practical Approach 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 gpd Practice 3rd Edition Springer Verlag, NY; Yanson and Ryden (1998) Protein

Purification: Principles, High Resolution Methods and Applications, Second Edition Wiley-VCH, NY; and Walker
(1998) Protein Protocals on CD-ROM Humana Press, NJ; and the references cited therein.

{0390} One advantage of producing polypeptides comprising at least one non-natural amino acid in a eukaryotic

host cell or non-enkaryotic host cell is that typically the polypeptides will be folded in their native conformations.
However, in cerfain embodiments of the methods and compositions described herein, after synthesis, expression
and/or purification, polypeptidess can possess 2 conformation different from the desired conformations of the
relevant polypeptides. In one aspect of the methods and compesitions described herain, the expressed protein is
optionally denatured and then renatured. This optional denaturation and renaturation is accomplished u'tilizing '
methods known in the art, including but not limited to, by adding a chaperonin to the polypeptide of interest, and by
solubilizing the proteins in a chaotropic agent including, but not limited 1o, guanidine HCY, and wlilizing prétein.
disulfide isomerase. e

[0391) 1n general, it is occasionally desirable to denature and reduce expressed polypeptides and then to cause
the polypeptides to re-fold imto‘ the preferred conformation. By way of example, such re-folding may be
accomplished with-the addition guanidine, urea, DTT, DTE, and/or a chaperonin to a translation product of interest.
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Methods of reducing, denaturing and renaturing proteins are well known to those of skill in the art (see, the
references above, and Debinski, et al. (1993} J. Bioi, Chem., 268: 14065-1407D; Kreitman and Pastan (1993}
Biogonjug. Chem.,4: 581-585; and'Buchner, et al., (1992) Anal. Biochem., 205: 263.'270)_ Debinski, et al., for
exarmple, describe the denaturation and reduction of inclusion body proteins in guanidine-DTE. The proteins Z:an be
refolded in a redox buffer containiig, including but not limited to, oxidized ;glutathione and L-arginine. Refolding
teagents can be flawed or otherwise maved into contact with the one or more polypeptide or other expression

product, or vice-versa. -

[0392] In the case of prokaryotic production of a nen-natural amino acid polypeptide, the polypeptide thus
produced may be misfolded and thus lacks or has reduced biologica‘l activity. The bioactivity of the protein may be
restored by “refolding”™ In one embodiment, a misfolded polypeptide is refolded by solubilizing (where the
polypeptide is also-insoluble), unfolding and reducing the polypeptide chain using, by way of example, one or more
chaatropic agents (including, but not limited to, urea and/or guanidine) and a reducing agent capable of reducing:
disulfide bonds (including, but not limited to, dithiothreitol, DTT or 2-mereaptoethanol, 2-ME). At a moderate
concentration of chaotrope, an oxidizing agent is then added (e.g., oxygen, cystine or cystamine), which allows the
reformation of disulfide bonds. An unfolded or misfolded polypeptide may be refolded using standard methods
knowm in the art, such as those described in U.S. Pat. Nos. 4,511,502, 4,511,503, and 4,512,922, each of which is
herein incorporated by reference in its entirety. The polypeptide may also be cofolded with other proteins to form
heterodimers or heteromultimers. After refolding or cofelding, the polypeptide may be further purified.

10393} Purification of non-natural amino acid polypeptides may be accomplished using a variety of technigues,
including but not limited those deseribed herein, by way of example hydrophobic interaction chromatography, size
exclusion chromatography, ion exchange chromatography, reverse-phase high performance liquid chromatography,
affinity chromatography, and the like or any combination thereof. Additiona] purification may also include a step of
drying or-precipitation of the purified protein.

[0394] After purification, the non-natural amino acid polypeptides may be exchanged into different buffers
and/or concentrated by any of a varicty of methods known to the art, including, but not limited to, diafiltration grxd <.
dialysis. hGH that is provided as a single purificd protcin may be subject to aggregation and precipitetion. In certain.
embodiments the purified non-natural amino acid polypeptides may be at least 0% pure (as measured by reverse
phase high performance liquid chromatography, RP-HPLC, or sodium dodecyl sﬁ!i‘:aie»polyacrylamide gel
electrophoresis, SDS-PAGE). In certain other embodiments the purified non-natural amino acid polypeptides may
be at least 95% pure, or at least 98%,pure, or at least 99% or greater purity. Regardless of the exact numerical*value
of the purity of the non-natural amino acid polypeptides, the non-natural amino acid polypeptides is sufficiently pure ..
for use as a pharmaceutical product or for further processing, including but not limited to, conjugation with a water
soluble polymer such as PEG.

[6395] In certain embodiments the non-natural amino acid polypeptides molecules may be used as therapeutic
agents in the absence of other active ingredients or proteins (other than excipicnts, casriers, and stabilizers, serum
albumin and the Jike), and in certain embodiments the non-natural amino acid polypeptides molecules they may be
complexed with another polypeptide or a polymer.

2. Purification of Non-Natural Amino Acid Polypeptides

[0396] General_ Purification Methods The techniques disclosed in this section can be applied to the general

purification of the non-natural amine acid polypeptides described.herein. Any one of a vasiety of isolation steps may
be performed on the cell lysate extract, culture medium, inclusion bodies, periplasmic space of the host cells,
cytoplasm of the host cells, or other material comprising the desired polypeptide or on any polypeptide mixtures
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resulting from any isolation steps including, but not limited to, affinity chromatography, ion exchange
chromatography, hydrophobic interaction chromatography, gel filtration chromatography, high performance liquid

' chron;atography (“HPLC”), reversed -phese-HPLC (“RP-HPLC”), expanded bed adsorption, or any combination

and/or repetition thereof and in any appropriate order.

[0397} Equipment and other necessary materials uvsed in performing the techniques described herein are
commercially available. Pumps, fraction collectors, monitors, recorders, and entire systems aré available from, for
example, Applied Biosystems (Foster City, CA), Bio-Rad Laboratories, Inc. (Hercules, CA), and Amersham
Biosciences, Inc. (Piscataway, NJ). Chromatographic materials including, but not limited to, exchange mairix
matérials, media, and buffers are also available from such companies,

|03981 Equilibration, and other steps in the column chromatography processes described herein such as washing
and efution, may be more rapidly accomplished using speclahzed equipment such as a pump. Commercially
available pumps include, -but are not limited to, HILOAD® Pump P-50, Peristaltic Pump P-1, Pump P-901, and
Pump P-903 {Amersham Biosciences, Piscataway, NI).

{0399} Examples of fraction collectors include RediFrac Fraction Collector, FRAC-100 and FRAC-200
Fraction Collectors, and SUPERFRAC® Fraction Collestor (Amersham Biosciences, Piscataway, NI}, Mixers are
also available ta form pH and linear corcentration gradients. Commercially available mixers include Gradient Mxxex'
GM-] and In-Line Mixers (Amersham Bjosciences, Piscataway, NI). :

[0400] The chromatographic process may be monitored using any commercially available monitor. Such
monitors may be used to gather information like UV, fluorescence, pH, and conductivity. Examples of detectors
include Monitor UV-1, UVICORD® S II, Monitor UV-M 11, Menitoer UV-900, Monitor UPC-900, Monitor pH/C-
900, and Conductivity Monitor (Amersham Biosciences, Piscataway, NJ). Indeed, entire systems are commercially
available including the various AKTA® systems from Amersham Biosciences (Piscataway, NJ).

[0401) In one embodiment of the methods and' compositions described herein, for example, the polypeptide
may be reduced and denatured by first denaturing the resultant purified polypeptide in urea, followed by dilution
into TRIS buffer containing a reducing agent (such as DTT) at a suiiable pH. In another embodiment, the

polypeptide is denatured in urea in a concentration range of benveén about 2 M to about 5 M, followed by ditution -

in TRIS buffer at a pH in the range of about 5.0 1o about 8.0. The refolding mixture of this embodiment may then be
incubated. In one embodiment, the refolding mixture is incubated at room temperature for four to twenty-foﬁr hours.
The reduced and denatured polypeptide mixture may then be further isolated or purified. '

[0402) As stated herein, the pH of the first polypeptide mixture may be adjusted prior to perfo:-mmg any
subsequent isolation steps. In addition, the first polypeptide mixture o}wan}'s.ubsequent mixtuse thereof may be
concentrated using technigues known in the art. Moreover, the ¢lution buffer comprising the first polypeptide -
mixture or any subsequent mixture thereof may be exchanged for a buffer suitable for the next isolation step using
techniques well known to those of ordinary skill in the art. ) o
[0403]  Jon Exchange Chromatography The techniques disclosed in this section can be applied to the ion-

chromatography of the non-natural amino acid polypeptides. described herein, In one embodiment, and as an

optional, additional step, ion exchange chromatography may be performed on the first polypeptide mixture. See
generally JON EXCHANGE CHROMATOGRAPHY: PRINCIPLES AND METHODS (Cat. No, 18-1114-21, Amersham
Biosciences (Piscataway, NJ)). Commercially available jon exchange columns include HITRAP®, HIPREP®, and
HILOAD® Columns (Amersham Biosciences, Piscataway, NJ). Such columns utilize strong anion exchangers such )
as Q SEPHARQSE® Fast Flow, Q SEPHAROSE® High Pesformance, and Q SEPHAROSE® XL; strong “cation -
exchangers such as SP SEPHAROSE® High Performance, SP SEPHAROSE® Fast Flow, and SP SEPHAROSE®
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XL; weak anion exchangers such as DEAE SEPHAROSE® Fast Flow; and weak cation exchangers such as CM
SEPHAROSE® Fast Flow (Amersham Biosciences, Piscataway, NJ). Anion or cation exchange column
chromatography may be performed on the polypeptide at any stage of'the purification process to isolate substantially
purified polypeptide. The cation exchange chromatography step may be performed using any suitable cation
exchange matrix. Cation exchange matrices include, but are not limited to, fibrous, porous, non-porous,
microgranular, beaded, or cross-linked cation exchange matrix materials, Such cation exchange matrix materials

.include, but are not limited to, cellulose, agarose, dextran, polyacrylate, polyvinyl, polystyrene, silica, polyether, or,

composites of any of the foregoing. Following adsorption of the polypeptide to the cation exchanger matrix,
substantially purified polypeptide may be eluted by contacting the matrix with a buffer having a sufficiently high pH
or ionic strength to displace the polypeptide from the matrix. Suitable buifers ‘for use in high pH elution of
substantially purified polypeptide include, but are not hmlted to, citrate, phosphate, formate, acetate, HEPES, and
MES buffers ranging in concentration from at least about 5 mM to at Jeast about 100 mM,

[0404) Reverse-Phase Chromatography The techniques dlsclpsed in this section can be applied to the reverse-
phase chromatography of the non-natural amino acid polypeptides described herein. RP-HPLC may be performed o

. purify proteins following suitable protocols that are known to those of ordinary skill in the art. See, e.g., Pearson et

al., ANAL BIOCHEM. (1982)’ 124:217-230 (1982); Rivier et al., J. CHROM. (1983) 268:112-119; Kunitani et al,, J,
CHROM. (1986) 359:391-402. RP-HPLC may be performed on the polypeptide ta isolate sub'sténﬁally purifted
polypeptide. In this regard, silica derivatized resins with 2lkyl functionalities with a wide varicty of lengths,
including, but nor limited to, at least about C; t0 at least about Csy, at least about C; to at least about Cyo, or at least
about C; to at least about Cyg, resins may be used. Alternatively, a polymeric resin may be used. For example,
TosoHaas Amberchrome CG1000sd resin may be used, which is a styrene polymer resin. Cyano or polymeric resins
with a wide variety of alky] chain lengths may also be used. Furthermore, the RP-HPLC column may be washed
with a solvent such as ethanol. A suitable efution buffer containing an ion pairing agent and an organic modifier
such as methanol, isopropan.ol, tetrahydrofuran, acetonitrile or ethanol, may be used to elute the polypeptide from

» the RP-HPLC column. The most commonly used ion pairing agents include, but are not limited to, acetic acid,

formic.. acid, perchloric acid, phosphoric acid, triflucroacetic acid, heptafiuorobutyric acid, triethylamine,
tetramethylammonium, tetrabutylemmonium, triethylammoniom acetate. Elution may be performed using one or
more gradients or isocratic conditions, with gradient conditions preferred to reduce the separation time and to
decrease peak width. Another method involves the use of two gradients with different solvent concentration ranges.
Examples of suitable elution buffers for use herein may include, but are not limited to, ammonium acetate and

accfanitrile solutions, | .

[0465) Hydrophobic Interaction Chromatography Purification Techmgue The techniques disclosed in this

section can be applied to the hydrophobic interaction chromatography purification of the non-natural amino acid
polypeptides described herein. Hydrophobic interaction chromatography (HIC) may be performed on the
polypeptide. See generally HYDROPHOBIC INTERACTION CHROMATOGRAPHY HANDBODK: PRINCIPLES AND
METHODS (Cat. No. 18-1020-90, Amersham Biosciences (Piscataway, NJ) which is incorporated by reference
herein. Suitable HIC matrices may include, but are not limited to, alkyl- or aryl-substituted matrices, such as butyl-,
hexyl-, octyl- or phenyl-substituted matrices including agarose, cross-linked agarose, sepharose, cellulose, silica,
dextran, polystyrene, poly(methacrylate) matrices, and mixed mode resins, including but not kimited to, a
polyethyleneamine resin or a butyl- or phenyl-substituted poly(methacrylate) matrix. Commercially available
sources for hydrophobic interaction column chromatography include, but are not limited to, HITRAP®, HIPREP®,
and HILOAD® columns (Amersham Biosciences, Piscataway, NI). Briefly, prior to loading, the HIC column may be
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equilibrated vsing standard buffers known to those of ordinary skill in the ast, such as an acetic acid/sodium chloride
solution or HEPES containing ammonium sulfate. Ammonium sulfate may be used as the buffer for loading the HIC
column. After loading the polypeptide, the column may then washed using standard buffers and conditigns to
remove unwanted materials but retaining the polypeptide on the HIC column. The polypeptide may be eluted with
about 3 to about 10 column volumes of a standard buffer, such-as a HEPES buffer containing EDTA and lower
ammonium sulfate concentration than the equilibratiﬁg buffer, or an acetic acid/sodium chloride buffer, among
others. A decreasing linear salt grédient using, for example, a gradient of potassium phosphate, may also be used to-
elute the polypeptide molecules. The eluant may then be concentrated, for e;cample, by filtration such as diafiltration
or ultrafiltration. Diafiltration may be utilized to remove the sait used to elute polypeptide.

[0405] Other_Purification Techniques. The techniques disclosed in this section can be applied to other
purification technigues of the non-nstural amino acid polypégﬁdes described herein, Yet another isolation step

. using, for example, gel filtration (GBL.FJLTRATION: PRINCIPLES AND METHODS (Cat. No. 18-1022-18, Amersham

Biosciences, Piscataway, NJ, which is “herein incorporated by reference in its entirety), hydroxyapatite
chromatography (suitable matrices include, but are not limited to, HA-Ultrogel, High Resolution (Calbiochem),
CHT Ceramic Hydroxyapatite (BioRad), Bio - Gel HTP-Hydroxyapatite (BioRad)), HPLC, expanded bed
adsorption, ultrafiltration, diafiltration, lyophilization, and the like, may be performed on the first polypeptide
mixture or any.subsequent mixture thereof, to remove any excess salts and to replace the buffer with a suitable
‘buffer for the next isolation step or even formulation of the final drug product. The yield of pelypeptide, including
substantially purified polypeptide, may be monitored at each step described herein using various technigues,
including but not limited to those described herein., Such techniques may alse used to assess the yield of
substantially purified polypeptide following the last isolation step. By way of example, the yield of polypeptide may
be monitored using any of several reverse phase high pressure liquid chromatography columns, having a variety of
alkyl chain lengths such as cyano RP-HPLC, C;gRP-i-IPLC; as well as cation exchange HPLC and gel filtration
HPLC' . . e, - . .

10407} In certain embodiments, the yigld of polypeptide after each purification step may be at least about 30%,

. at feast about 35%, at least about 40%, at least about 45%, at least about 50%, at least about $5%, at least about

60%, at least about 65%, at least about 70%, at Ieast about 75%, at least about 80%, at least about 85%, at least
about 90%, at least about 91%, at Jeast about 92%, at Iecast about 93%, at least about $4%, at least about 95%, at
least about 96%, at least about 97%, at least about 98%, at least about 99%, at least about 99.9%, or at least about
99.99%, of the polypeptide in the starting material for each purification step.

10408] Purity may be determined using standard techniques, such as SDS-PAGE, or by measuring polypeptide
using Western blot and ELISA assays. For example,  polyclonal antibodies may be generated against proteins
isolated from negative control yeast fermentation and the cation exchange secovery. The antibadies may also be
used to probe for the presence of contaminating host cell proteins.

[0409) RP-HPLC material Vydac €4 (Vydac) consists of silica gel particles, the surfaces of which carry C4-
alkyl] chains, The separation of polypeptide from the proteinactous impurities 35 based on differences in the strength
of hydrophobic interactions. Elution is performed with an acetoniirile gradient in diluted trifluoroacetic acid,
Preparative HPLC is performed using a stainless steel column (filled with 2.8 to 3.2 liter of Viydac C4 silicagel). The
Hydroxyapatite Ultrogel eluate is acidified by adding trifluoroacetic acid and loaded onto the Vydace C4 column. For
washing and elution an acetonitrile gradient in diluted trifluoroacetic acid is used. Fractions are collected and
immediately neutvalized with phosphate buffer. The polypeptide fractions which are “within the IPC limits are
pooied. d -
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[0410} ° DEAE Sepharose (Pharmacia) material consists of dicthylaminoethyl (DEAE)-groups which are
covalently bound to the surface of Sepharose beads, The binding of polypeptide to the DEAE groups is mediated by
jonit interactions. Acetonitrile and trifluoroacetic acid pass through the column without bcing retained. After these
substances have been washed off, trace impurities are removed by washing the column with acetate buffer at a low
pH. Then the column is'washed with neutral phosphate buffer and polypeptide is elnted with a buffer with increased
ionic strength. The column is packed with DEAE Sepharose fast flow. The column volume is adjusted to assure a
polypeptide load in the range of 3-10 mg polypeptide/ml gel. The column is washed with water and equilibration
buffer (sodium/potassium phospha‘te'). The pooled fractions ofthe HPLC eluate are loaded and the column is washed
with equilibration buffer. Then the column is washed with washing buffer (sodium zcetate buifer) followed by
washing with equilibration buffer. Subsequently, polypeptide is eluted from the column with elution buffer (sodium
chloride, sodium/pofassium phosphate) and collected in 2 single fraction in accordance with the master elution
profile, The cluate of the DEAE Sepharose column is adjusted to the specified conductivity. The resulting drug
substance is sterile filtered into Teflon bottles and stored at ~70°C,

[0411] Additional metbods include, but are not limited to, steps to remove endotoxins. Endotoxins are lipopoly-
saccharides (LPSs) which are Jocated on the outer membrane of Gram-negative host cells, such as, for example,
Escherichia coli. Methods for reducing endotoxin levels include, but are not limited to, purification techniques using
silica supports, glass powder or hydroxyapatite, reverse-phase, -affinity, size-exclusion, anion-exchange
chromatography, hydrophobic interaction chromatography, a combination of these mecthods, and the like.
Modifications or additional methods may be required to remove contaminants such as co-migrating proteins from
the polypeptide of interest. Methods for measuring endotoxin levels are known to one of ordinary skill in the art and
include, but are not Yimited to, Limulus Amebocyte Lysate (LAL) assays. k
10412} Additional methoeds and procedures include, but are not limited to, SDS-PAGE coupled with protein
staining methods, immunoblotting, matrix assisted laser desorption/ionization-mass spectrometry ZMALDI-MS),
liquid chromatography/mass spectrometry, isoelectric focusing, analytical anion exchange, ci;romatofocusing, and
circular dichroism i

[0413} In 'certain embodiments the non-natural amino acids described hersin may be biosynthetically
incorporated into polypeptides, thereby making non-natural amino acid polypeptides, In other embodiments, such
amino acids are incorporated at .a specific site within the polypeptide. In other embodiments, such amino acids
incorporated into the polypeptide using a translation system. In other embodiments, such translation systems
comprise: (i) 2 polynuclectide encoding the polypeptide, wherein the polynucleotide comprises a selector codon
corresponding to the pre-designated site of incorporation of the above amino acids, and (ii) a tRNA comprising the
amino acid, ‘wherein the (RNA. is specific to the selector codon. In other embodiments of such translation systems,
the polynuclectide is mRNA produced in the translation system. In other embodiments of such translation systems,
the translation system comprises a plasmid or a phage comprising the polynucleotide. Tn other embodiments of such
translation systems, the franslation system comprises genomic DNA comprising the polynucieotide. In other
embodiments of such transiation systems, the polynucleotide is stably integrated into the genomic DNA. In other
embodiments ‘of such franslation systems, the translation system comprises tRNA specific for a selector codon
selected from the group consisting of an amber codon, ochre codon, opal codon, a unique codan, a rare codon, an
unnatural codon, a five-base codon, and a four-base codon. In other embodiments of such mranslation systems, the
tRNA is a suppressor tRNA. In other embodiments of such translation systems, the translation system comprises a
tRNA that is aminoacylated to the amino acids above. In other embodiments of such translation systems, the
franslation systern comprises an aminoacyl synthetase specific for the tRNA. In other embodiments of 5uch
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translation Systems, the translation system comprises an orthogonal tRNA and an orthogonal aminocacyl tRNA
synthetase, In other embodiments of such translation systems, the polypeptide is synthesized by a ribosome, and in
further embodiments the translation system is an in vivo translation system comprising a cell selected from the
group consisting of a bacterial cell, archeaebacterial cell, and eukaryotic cell, In other embodiments, the cell is an
Escherichia coli cell, yeasi cell, a cell from a species of Pseudomonas, mammalian cell, plant cell, or an insect cell.
In other embodiments of such translation systems, the translation system is an in vitro translation system comprising
cellular extract from a bacterial cell, archeaebacterial cell, or eukaryotic cell, In other embodiments, the cellular
exiract is from an Escherichia coli cell, a cell from a species of Pse.udomo'nas, yéast cell, mammalian celi, plant cell,
or an insect cell. In other embodiments at least a pox:tion of the polypeptide is synthesized by solid phase or solution
phase peptide synthesis, or a combination thereof, while in other embodiments further comprise ligaﬁng' the
polypeptide to another polypeptide. In other embodiments the non-natural amino acids described herein may be
biosynthetically incorporated into polypeptides, wherein the polypeptide is a protein homologous to 2 'therapeutic
protein selected from the group consisting of: alpha-1 antitrypsin, angiostatin, antihemolytic factor, antibody,
apulipoprc;'tein, apoprotein, atrial natriuretic factor, atrial natriuretic polypeptide, atrial peptide, C-X-C chemokine,
T39765, NAP-2, ENA-78, gro»a; gro-b, gro-c, IP-10, GCP-2, NAP-4, SDF-1, PF4, MIG, calcitonin, c-kit ligand,
cytokine, CC chérnokine, monocyte chemoatiractant protein-1, monocyte chemoattractant protein-2, monocyte
chemoattractant protein-3, monocyte inﬂammatory‘ protein-i alpha, monocyte inflammatory protein-i beta,
RANTES, 1309, R83915, R91733, HCC]1, T58847, D31065, T64262, CD40, CD40 'ligand, c-kit ligand, collagen,
colony .stimulating factor (CSF), complement factor 5a, complement inhibitor, complement raceptor 1, cytokine,

- epithelial neutrophil activating peptide-78, MIP-16, MCP-1, epidermal growth factor (EGF), epithelial neutrophil

activating peptide, erythropoietin (EPQ), exfoliating toxin, Factor IX, Factor VII, Factor VIII, Factor X, fibroblast
growth factor (FGF), fibrinogen, fibronectin, four-helical bundle protein, G-CSF, glp-1, GM-CSF,
glucocerebrosidase, gonadotropin, growth factor, growth factor receptor, grf, hedgehog protein, hemoglobin,
hepétocyte growth factor (hGF), hirudin, human growth hormone (hGH), human serum albumin, ICAM-1, {ICAM-1
receptor, LFA-1, LFA-1 receptor, insulin, insulin-like growth factor (IGF), IGF-1, IGF-1], interferon (JFN), IFN-
alpha, JFN-beta, IFN-gamma, any interferon-like molecule or member of the IFN family, interleukin (IL), IL-1, IL~
2, 1IL-3, L4, IL-5, IL-6, IL-7, XL~8, IL-9, IL-10, JL-11, Y12, keratinocyte growth factor (KGF), lactoferrin,
leukemia inhibitory factor, luciferase, neurturin, neutrophil inhibitory factor (NIF), oncostatin M, osteogenic protein,
oncogene product, paracitonin, parathyroid hormone, PD-ECSF, PDGF, peptide hormone, plejotropin, protein A,
protein G, pth, pyrogenic exotoxin A, pyregenic exotoxin B, pyrogenic exotoxin C, pyy, relaxin, renin, SCF, small
biosynthetic protein, soluble complement receptor I, soluble I-CAM 1, soluble interleukin receptor, sofuble TNF
receptor, somatomedin, somatostatin, somatotropin, streptokinase, super'antigens, staphylococcal enterotoxin, SEA,
SEB, SECI, SECZ, SEC3, SED, SEE, steroid hormone receptor, superoxide dismutase, toxic shock-syndrome toxin,
thymosin alpha 1, tissue plasminogen activator, tumor growth factor {TGF), tumor necrosis factor, tumor necrosis
factor alpha, timar necrosis factor beta, tamor necrosis factor receptor (TNFR), VLA-4 protein, VCAM-1 protein,

" vascular endothelial growth factor (VEGF), urckinase, mos, ras, raf; met, p53, tat, fos, syc, jun, myb, rel, estrogen

receptor, progesterone receptor, testosterone receptor, aldosterone receptor, LDL receptor, and corticosterone..

B, In vivo Post-Translational Modifications
{0414] By producing proteins or polypeptides of interest with at least one non-natural amino acid in eukaryotic

. cells, such polypeptides may include eukaryotic post-transiational modifications. In certain embodiments, a protein

includes at least one non-natural amino acid and at least one post-transiational modification that is made in vivo by a
eukaryotic cell, where the post-transiational modification is not made by a prokaryotic cell. By way of example, the
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post-transiation modification includes, but is not limited to, dcetylation, acylation, lipid-modification,
paimitoylation, patmitate addition, phosphorylation, glycolipid-linkage.modification, glycosylation, and the fike. In
one aspect, the post~n'aﬁslational modification includes attachment of an oligosaccharide (including but not limited
to, {GlcNAc-Man),-Man-GIcNAc-GICNAC)) to an asparagine by a GlcNAc-asparagine linkage. See Table 1 which
lists some examples of N-linked oligosaccharides of eukaryotic proteins (additional residues can also be present,
which are not shown). In another aspect, the post-translational modification includes atiachment of an
oligosaccharide (including but not limited to, G:'ﬂ-GaiNAc, Gal-GIcNAg, efc.) to a serine or threonine by a GalNAc- '
serine or GalNAc-threonine linkage, or a GleNAc-serine or a GleNAc-threanine linkage.
Table 1: Examples of ofigosaccharides throngh GLCNAC-linkage

Type Base Structure . '
Mana{-6
HIGH- o > Manoi-6
. MANNO Mana1-3 ManB1-4GleNAcB1-4Gic
SE Mano1-3
[61)
Mano1-6
Manp1-4GIcNAcB1-4GIcNACB 1-Asn
HYBRID GICNACR1-2 Manoc1-3>
GleNACcB1-2 Manai6e_
COMPLEX - , > Manp1-4GicNACB1-4GIcNACB1-Asn
GleNAcp1-2 Mano1-3
. Mango1- -
XYLOSE > Manp1-4GIcNACB1-4GIcNACE1-Asn
| xyip1-2

(04153 In yet another aspect, the post-translation modification includes proteolytic processing af precursérs
(including but not limited to, calcitonin precursor, calcitonin gene-related peptide precursor, preproparathyroid
hormone, preproinsuiin, proinsulin, prepro-opiomelanocortin, pro-opiomelanocortin and the Jike), assembly into a
multisubunit protein or macromolecular assembly, translation to another site in the cell (including but not limited to,
to organelles, such as-the endoplasmic reticulum, the golgi apparatus, the nucleus, lysosomes, peroxisomes,
mitochondria, chloroplasts, vacuoles, etc,, or through the secretosy pathway). In certain embodiments, the protein
con;prises a secretion or localization sequence, an epitope tag, a FLAG tag, a polyhistidine tag, a GST fusion, or the
like.

ja416] One advantage of a non-natural amino acid is that it presents additional chemical moieties that can be
used to add additional molecules. These modifications can be made in vivo in a eukaryotic or non-eukaryotic cell, or
in vitro, Thus, in certain embodiments, the post-franslational modification is through the non-natural amino acid, For
example, the post-translational modification can be through a nucleophilic-electrophilic reaction. Most reactions
currently used for the selective medification of proteins involve covalent bond formation between nucleophilic and
electrophilic reaction pariners, including but not limited to the reaction of «-haloketones with histidine or cysteine
side chains. Selectivity in these cases is determined by the number and accessibility of the nucleophilic residues in
the protein. In polypeptides described herein or produced using the methods described l;crein, other more selective
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reactions can be used, including, but not limited to, the reaction of & non-natural ketd-amino acid with hydrazides or
aminooxy compounds, in vitra -ard in vivo. See, e.g., Cornish, et al., (1996} J. Am. Chem. Soc., 118:8150-8151;
Mahal, et al., (1997) Science, 276:1125-1128; Wang, et al,, (2001) Science 292:493:500; Chin, et al., (2002) I. Am..
Chem, Sor. 124:9026-9027; Chin, et al., (2002) Proc. Natl, Acad. Sci., 99:11020-11024; Wang, et al., (2003) Prog,
Natl. Acad. Seci,, 100:56-61; Zhang, et al., (2003) Biochemistry, 42:6735-6746; and, Chin, et al., (2003) Science,
301:964-7. This allows the selective labeling of virtually any protein with 2 host of reagents including fluorophores,
crosslinking agents, saccharide derivatives and cytotoxic molecules. See also, U.S. Patent No. 6,927,042 entitled

“Glycoprotein synthesis” filed Januvary 16, 2003, which is incorporated by reference herein. Post-translational
modifications, including but not limited to, through an azido amina acid, can also made through the Staudinger
Tigation (including but not limited to, with triarylphosphine reagents). See, e.g., Kiick et al,, (2002) Incorporation of
azides into recombinant proteins for chemoseleciive modification by the Staudinger liglation, PNAS 95:19-24.,

X .. ANernate Systems For Producing Non-Natural Amino Acid Polppeptides

{0417) Several strategies have been employed to infroduce mon-natural amino acids into proteins in non-

recombinant host cells, mutagenized host cells, or in cell-free systems. The alternate systems disclosed in this
section can be applied to production of the non-natural amino acid. By way of example, derivatization of amino
acids with reactive side-chains such as Lys, Cys and Tyr resulted in the conversion of lysine to N%-acetyl-lysine.
Chemical synthesis also pravides a straightforward method to inéorporate non-natural amino acids. With the recent
development of enzymiatic”ligation"and native chemical ligation of peptide fragments, it is possible to make larger
proteins. See, e.g., P. E. Dawson and S. B. H. Kent, Annu_Rev. Biochem., §9:923 (2000). Chemical peptide ligation
and native chemical ligation are described in U.S. Patent No. 6,184,344, U_S. Patent Publication No. 2004/0138412,
U.S. Patent Publication No. 2003/0208046, WO 02/098502, and WO 03/042235, which are herein incor])oratcd by
reference in their entirety. A general in vitro biosynthetic method in which a suppressor tRNA chemically acylated

with the desired non-natural amino acid is added to an in vitro extract capable of supporting protein biosynthesis,

has been used to site-specifically incorporate over 100 non-natural amino acids into a variety of proteins of virtually
any size. See, e.g., V. W. Comnish, D. Mendel and P, G. Schultz, Angew. Chem. Int, Ed. Engl., 1995, 34:621 (1995);

C.J. Noren, 8.J. Anthony-Cahill, M.C. Griffith, P.G. Schultz, 4 general method for site-specific incorporation of
unnatural amino acids into proteins, Science 244 182-188 (1989); and, J.D. Bain, C.G. Glabe, T.A. Dix, AR,

Chamberlin, E.S. Diala, Biosynthetic site-specific incorporation of @ non-natwral amino acid into a polypeptide, 1.

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.

{0418} An in vivo method, termed selective pressure incorporation, was developed 1o 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 1., 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 repressed. At the onset of a stetionary growth phase,

the natural amino acid is depleted and replaced with the non-natural amino acid analog. Induction of expression of
the recombinant protein results in the accumulation of 2 protein containing the non-natural analog. For example,

using ‘this strategy, o, m and p-fiutorophenylalanines have been incorporated into proteins, and exhibit two

characteristic shoulders in the UV spectrum 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 methionine in

bacteriophage T4 lysozyme to study its interaction with chitooligosaceharide ligands by "’F NMR, see, e.g., H.

Duewel, E. Daub, V. Robinson and J. F, Honek, Biochemistry, 36:3404 {1997); and wifluorolencine has been
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incorporated in pl:;ce of leucine, resulting in increased thermal and chemical stability of a leusine-zipper protein.
See, e.g., Y. Tang, G. Ghirlanda, W. A, Petka, T, Nakajima, W. F. DeGrado arid D. A. Tirrell, Angew. Chem. Int.
Ed._Engl., 40:1494 (2001). f\doreover, selenOmethi‘oﬁine and ;ellurom.ethionine are incorparated into various
recombinant proteins to facilitate the solution of phases in X-ray crystallography. See, e.g., W. A. Hendrickson, . R,
Horton and D. M. Lemaster, EMBOQ ., 9:1665 (19928); I. G. Boles, XK. Lewinski, M. Kunkle, 1. D. Odom, B. Dunlap,

_L. Lebioda and M. Hatada, Nat, Struct. Biol,, 1:283 (1994); N. Budisa, B. Steipe, P. Demange, C. Eckerskomn, J.

K‘ellemann and R. Huber, Eur. J. Biochem., 230:788 (1995); and, N, Budisa, W. Kambreck, S. Steinbacher, A,
Humm, L. Prade, T, Neuefeind, L. Moroder and R. Huber, J. Mol. Biol., 270:616 (1997). Methionine analogs with
alkene or alkyne functionalitics have also been incorporated efficiently, allowing for additional modification of
proteins by chemical means. See, e.g., J, C. M. van Hest and D, A, Tirrell, FEBS Lett., 428:68 (1998); J. C. M. van
Hest, K, L. Kiick and D. A. Timell, J. Am. Chem. Soc., 122:1282 (2000); ond, X. L. Kiick and D. A. Tirrell,
Tetrahedron, 56:9487 (2000); U.8.Patent No. 6,586,207; U.S.Patent Publication 2002/0042097, which are herein
incorporated by reference in their entirety.

{0419) The success of this method depends on the recognition of the non-natural amino acid analogs by
aminoacyl-tRNA synthetases, which, in general, require high selectivity 1o insure the fidelity of protein transiation,
One way to expand the scope of this method is to relax the substrate specificity of aminoacyl-fRNA synthetases,
which has been achieved in a Jimited number of cases. By way of example only, seplacement of Ala® by Gly in
Escherichia coli phenylalanyl-tRNA synthetase (PheRS) increases the size of substrate binding pocket, and resulis
in the acylation of tRNAPhe by p-Cl-phenylalanine (p-Ci-Phe). Sze, M. Toba, P. Kast and H. Hennecke,
Biochemistry, 33:7107 (1994). An Escherichia coli strain harboring this mutant PheRS allows the incorporation of
p-Cl-phenylalanine or p-Br-phenylalanine in place of phenylalenine. Sze, e.g, M. Ibba and H. Hennecke, FEBS
Lett,, 364:272 (1995); and, N. Sharma, R. Furter, P. Kast and D. A. Tirrell, FEBS Lett., 467:37 (2000). Similarly, a
point mutation Phel30Ser near the amino acid binding site of Escherichia colf tyrosylMRNA synthetase was shown
to allow azatyrosine to be incorporated more efficiently than tyrosine. See, F. Hamano-Takaky, T. Iwama, S. Saito-
Yano, K. Takaky, ¥. Monden, M. Kitabatake, D, Soll and S, Nishimura, 1. Biol, Chem., 275:40324 (2000).

{0420} Another strategy to incorporate non-natural amino acids into proteins in vive is to modify synthetases
that have proofreading mechanisms. These synthetases cannot discriminate and therefore activate amino acids that

are structurally similar to the cognate natural amino acids. This error is corrected at a separate site, which deacylates
the mischarged emino acid from the tRNA to maintain the fidetity of protein translation. If the proofreading aclivity
of the synthetase is disabled, structural analogs that are misactivated may escape the editing function and ‘be
incorporated. This approach has been demonsirated recently with the valyl-tRNA synthetase {VaIRS). See, V.
Doring, H. D. Mootz, L. A. Nangle, T. L. Hendrickson, V. de Crecy-Lagard, P, Schimmel and P. Marliere, Science,
292:501 (2001). ValRS can misaminoacylate tRNAVal with Cys, Thr, or aminobutyrate (Abu); these noncognate
amino acids are subsequently hydrolyzed by the editing domain. After random mutagenesis of the Escherichia coli

chromosome, a mutant Escherichia coli strain was selected that has a mutation in the editing site of ValRS. This
edit-defective ValRS incorrectly charges tRNAVal with Cys. Because Abu sterically resembles Cys (~SH group of
Cys is replaced with —CH3 in Abu), the mutant ValRS also incorporates Aby jnto proteins when this mutant
Escherichia-coli strain is grown in the presence of Abu. Mass spectrometric analysis shows that about 24% of
valines are replaced by Abu at each valine position in the native protein,

-{0421} Solid-phase synthesis and semisynthetic methods have also allowed for the synthesis of a number of

proteins containing novel amino acids. For example, see the following publications and references cited within,
which are as follows: Crick, F.H.C., Barett, L. Brenner, 8. Watts-Tobin, R. General nature of the genetic code for
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proteins, Nature , 192:1227-1232 (1961); Kaiser, E.T. Synthetic approaches to biologically active peptides and

- proteins including enyzmes, Acc Chem Res, 22:47-54 (1989); Nakatsuka, T., Sasaki, T, Kaiser, E.T. Peptide

segment coupling caialyzed by the semisynthetic enzyme thiosublilisin, ¥ Am Chem Soc |, 109:3808-3810 (1987);
Schiolzer, M., Kent, S B H. Consiructing proteins by dovetailing unprotected synthetic peptides: backbone-
engineered HIV protease, Stience, 256(5054):221-225 (1992); Chaiken, 1.M. Semisynthetic peptides and proteins,
CRC Crit Rev Biochem, 11(3):255-301 (1981); Offord, R.E. Proiein engineering by chemical means? Protein Eng.,
1(3):151-157 (1987); and, Jackson, D.Y., Bumier, J., Quan, C., Stanley, M., Tom, J., Wells, J.A, 4 Designed
Peptide Ligase for Total Synthesis of Ribonuclease A with Unnatural Catalytic Residues, Science, 266(5183):243
. (1998). )

[0422) ~  Chemical modification has been used to introduce a variety of non-natural side chains, including
cofactors, spin labels and oligonucleotides into proteins in vitro. See, e.é., Corey, D.R., Schultz, P.G. Generation of
a hybrid sequence-specific single-stranded deoxyribonuclease, Science, 238(4832):1401-1403 (1987); Kaiser, ET,,
Lawrence D.8., Rokita, S.E. The chemical modification of enzymatic specificity, Annu. Rev Biochem , 54:565-595
(1985); Kaiser, E.T., Lawrence, D.S. Chemical mutation of er;yzme active sites, Science, 226(4674):505-511 (1984);
Neet, K.E., Nanci A, Xoshland, D.E. Properties of thiol-subtilisin, J Biol, Chem, 243 (24):63532-6401 (1968); Polgarz'
L. (ed.)., M.L, Bender, 4 new enzyme containing a :synﬂlefically Jormed active site. Thiol-subtilisin, J. Am Chem' .
Soc, 88:3153-3154 (1966); and, Pollack, S.J., Nakayama, G. Schultz, P.G, Introductiof of nucleophiles and
speciroscopic probes into antibody combining sites, Science, 224(4381):1038-1040 (1938).

[0423] Alternatively, biosynthetic methods that employ chemically modified aminoacyl-tRNAs 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 Bioghem, 483-514
(1993); and, Krieg, U.C., Walter, P., Hohnson, AE. Photocrossiinking of the signal sequence of nascent
preprolactin of the 54-kilodalton polypeptide of the signal recognition particle, Proc. Natl, Acad, Sci, 8604-8608
(1936). '

{0424) Previously, it has been shown that non-natural amino acids can be site-specifically incorporated into
proteins in vitro by the addition of chemically aminoacylated suppressor tRNAs to protein synthesis reactions

programmed with a gene containing a desired amber nonsense mutation. Using these approaches, one can substitte
a number of the common twenty amino acids with close structural homiologues, e.g., fluorophenylalanine for
phenylalanine, using strains auxotrophic for a particular amino acid. See, e.g,, Noren, C.J., Anthony-Cahill, Griffith,
M.C;, Schuliz, P.G. 4 general method for site-specific incorporation of unnatural amino aaia{s into profeins,
Science, 244: 182-188 (1989); M. W. Nowak, ct al., Science 268:439-42 (1995); Bain, J.D., Glabe, C.G., Dix, T.A.,
Chamberling AR, Diala, E.S. Biosynthetic site-specific Incorporation of a non-natural amino acid into a
polypeptide, 3. Am Chem Soc, 111:8013-8014 (1989); N. Budisa ef al., FASEB J. 13:41-51 (1999); Eltinan, J.A,,
Mendel, D., Anthony-Cahill, S., Noren, C.J., Schultz, P.G. Biosynthetic method for introducing unnatural amino
acids site-specifically into prateins, Methods in Enz., vol. 202, 301-06 (199); and, Mendel, D., Comish, V.W. &
Schultz, P.G. Site-Directed Mutagenesis with an Expanded Genetic Code, Annu Rev Biophys. Biomol Struct, 24,
. 435-62 (1995).
10425] For example,  suppressor tRNA was prepared that recognized the stop codon UAG and was chemically

- aminoacylated with a non-natural amino acid. Conventional site-directed mutagenesis was used to introduce the stop
codon TAG, at the site of interest in the protein gene. See, e.g, Sayers, L.R., Schmidt, W. Eckstein, F. 5!, 3'
Exopuclease in phosphorothioate-based olignoucleotide-directed mutagensis, Nucleic Acids Res, 791-802 (1988).
When the acylated suppressor tRNA and the mutant gene were tombined in an in vitro transcription/tvanslation
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system, the non-natural amino acid was incorporated in response to the UAG codon which gave a protein containing
that amino acid at the specified position,- Experiments using [°H]-Phe and experiments with a.-hydrgxy acids
demonstrated that only the desired amino 2cid 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; Kobayashi et al,,
{2003) Nature Structura} Biology 10(6):425-432; and, Ellman, J.A., Mendel, D., Schultz, P.G. Site-specific
incorporation of novel backbone structures into proteins, Science, 197-200 (1992).

10426] Microinjection techniques have also bzen used to incorporate pon-natural amino acids into proteins. See,
e.g, M. W. Nowak, P. C. Kearney, 1. R. Sampson, M. E. Saks, C, G. Labarca, S, K. Silverman, W. G. Zhong, J.
Thorson, J. N. Abeison, N. Davidson, P.'G. Sghultz, D. A. Dougherty and H. A. Lester, Scignce, 268:439 (1995);
and, D. A. Dougherty, Curr. Opin, Chem. ‘Biol., 4:645 (2000). A Xenopus cocyte was coinjected witlt two RNA
species made in vitro: an mRNA encoding the target protein with 2 UAG stop codon at the amino acid position of
interest and an amber suppressof tRNA aminoacylated with the desired non-natural amino acid. The transtational
machinery of the cocyte then inseris the non-natural amino acid at the position specified by UAG. This method has
allowed in vivo structure-function studies of integral membrane i:-rdteins, 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 cnergy transfer, seée, e.g., G. Turcatti, X.
Nemeth,’ M. D. Edgerton, U, Meseth, F. Talabot, M. Peitsch, J. Knowles, H. Vogel and A. Chollet, J. Biol. Chem,,
271519991 (1996); the incorpofation of biotinylated amino acids to identify surface-exposed residues in ton
channels, see, ¢.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, 8. K.
Silverman, P, M. England, D. A. Dougherty and H. A. Lester, Neuron, 20:619 (1998); and, the use of alpha hydroxy
amino acids to change ion channel backbones for probing their gating mechanisms. Sae, e.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. G.
Schultz and J. Yang, Nat. Neurosci,, 4:239 (2001). ' ' '

fo427) The ability to incorporate non-natural amino acids directly into proteins in vivo offers a wide variety of
advantages including but not limited fo 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 mutant proteins in therapeutic
treatments. The ability -to include non-natural amino acids with various sizes, ac'idities, nucleophilicities,
hydrophobicities, and other properties into proteins can greatly expand our ability to rationaily and systematicaily
manipulate the structures of proteins, both to probe protein function and create new proteins or organisms with nove}

properties, . .
{0428} In one attempt to site-specifically incorporate para-F-Phe, a yeast amber suppressor tRNAPheCUA
/phenylalanyl-tRNA synthetase pair was used in a p-F-Phe resistant, Phe auxotrophic Escherichia coli strain. See,
e.g., R, Furter, Protein S¢i., 7:419 (1998). ) ) -

10429] It may also be possibfe to obtain expression of a desired polynucleotide using a cell-free (in-vitro)
translational system. Translation systems may be cellular or cell—ﬁ‘ce: and may be prokaryotic or eukaryotic. Cellular
translation systems include, but are not limited to, whole cell preparations such as permeabilized cells or cell
cultires wherein a desired nucleic acid sequence can be transcribed to mRNA and the mRNA franslated. Cell-free
tranglation systems are cammercially available and many different types and systems are well-known, Examples of
cell-free systems include, but ave not fimited to, prokaryotic lysates such as Escherichia coli lysates, and eukaryotic
lysates such as wheat germ extracts, insect cell lysates, rabbit reticulocyte lysates, rabbit oocyte lysates and human
cell lysates. Eukaryotic extracts or lysates may be preferred when the .resulting protein is glycosylated,
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phosphorylatéd or otherwise modified because many such modifications are only possible in eukaryotic systems. . _

Some of these extracts and lysates are available commercially (Promega; Madison, Wis.; Stratagene; La Jolla, Calif;
Amersham; Arlington Heights, Iil.; GIBCO/BRL; Grand Island, N.X.). Membranous exiracts, such ds the canine
pancreatic extracts containing microsomai membranes, are also availabié which are useful for translating secretory
proteins, In these systems, which can include either mRNA as a template (in-vitro translation) or DNA as a template
(combined in-vitro transcription and translation), the in vitro synthesis is dirscted by the ribosomes. Considerable
effort has been applied to the development of cell-free protein expression systems. See, e.g., Kim, D.-M. and LR,
Swartz, Biotechnology and Bicengineering, 74 :309-316 (2001); Kim, D-M. ard I.R. Swartz, Blowechnology
Letters, 22, 1537-1542, (2000); Kim, D.-M,, and J.R. Swartz, Blalechnology Progress, 16, 385-390, (2000); Kim,
D.-M., and J.R. Swartz, Biotechnology and Bicengineering, 66, 180-188, (1999); and Patnaik, R. and J.R. Swartz,
Biolechnigues 24, 862-868, (1998); U.S, Patent No. 6,337,i9~1; U.S. Patent Publication No. 2002/0081660; WO
00/55353; WO 50/05785, which are incorporated by reference herein, Another approach that may be applied to the
expression of polypeptides comprising a non-natural amino acid include the mRNA-peptide fusion technique. See,
e.g, R. Roberts and J. Szostak, Proc. Natl Acad. Sci, (USA) 94 12297-12302 (1997); A. Frankel, et at., Chemistry &
Biology 10, 1043-1050 (2003). In this apprddch, an mRNA template linked to puromyein is translated into peptide
on the ribosome. If one or more tRNA molecules has been modified, non-natural amino acids can be incorporated
into the peptide as well. After the last mRNA codon has been read, puromycin captures the C-terminus of the
peptide, If the resulting mRNA-peptide conjugate is found to have interesting propesties in an in vitro assay, its
identity can be easily revealed from the mRNA sequence. In this way, one may screen libraries of polypeptides
comprising one or more non-natural amino acids to identify polypeptides having desired propertfes. More recently,
in vitro ribosome translations with purified components have been reported that permit the synthesis of peptides
substituted with non-natural amino acids. See, e.g., A, Forster ef al., Proc. Watl Acad. Sei. (USA) 100 6353 (2003).
[a430] Reconstituted translation systems may also be used, Mixtures of purified franslation factors have zlso
been used successfully to translate mRNA into protein as well as comhinations of lysates or lysates supplemented
with purified translation factors such as imitiation factor-1 (JF-1), IF-2, IF-3, elongation factor T (EF-Tu), or
termination factors. Cell-free systems may also be coupled transcription/translation systems wherein DNA is
intraduced to the system, transcribed into mRNA and the mRNA translated as described in Current Protocols in
Malecular Bialagy (F. M. Ausubel et al. editors, Wiley Interscience, 1993),. which is hereby specifically
incorporated by reference. RNA transeribed in eukaryotic transcription system may be in the form of heteronuclear
RNA (hnRNA) or $%end caps (7-methyl guanosine) and 3%-end poly A tailed mature mRNA, which can be an
advantage in cerfain translation systems. For example, capped mRNAs are translated with high efficiency in the
reticulocyte lysate system.

(0431} A {RNA may be aminoacylated with a desired aminae acid by any methed or technigue, including but not
limited to, chemical or enzymatic aminoacylation. ‘ '

[0432] Aminoacylatibn may, be accomplished by aminoacyl tRNA synthetases or by other enzymatic
molecules, including but not limited to, riboz&més. The term “ribozyme” is interchangeable with “catalytic RNA.”
Cech and coworkers (Cech, 1987, Science, 236:1332-1539; McCorkle et al., 1987, Concepts Biothem. §4:221-226)
demaonstrated the presence of naturally ocowring RNAs that can act as catalysts (ribozymes). However, although
these natural RNA catalysts have only been shown to act on ribonucleic acid substrates for cleavage and splicing,
the recent development of artificial evolution of ribozymes has expanded the repertoire of catelysis to various
chemical reactions. Studies have identified RNA molecules that-can catalyze aminoacyl-RNA bonds on their own
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(293"termini (INangakekars ot al,, 1995 Science 267:643-647), and an RNA molecule which can transfer an amino
acid from ane RNA molecule to another {Lohse et al., 1996, Nature 381:442-444). .
{0433] U.S. Patent Application Publication 2003/0228593, which is incorporated by reference herein, describes
methods to construct ribozymes and their use in aminoacylation of tRNAs with naturally encoded and non-naturally
encoded amino acids. Substrate-immobilized forms of enzymatic molecules that can aminoacylate TRNAS,
including but not limited to, ribozymes, may enable efficient affinity purification of the aminoacylated products,
Examples of suitable substrates include agarose, sepharose, and magn'etic beads, The production and use of a
substrate-immobilized fo-rm of ribozyme for aminoacylation is described in Chemistry and Biology 2003, 10:1077-
1084 and U.S. Patent Application Publication 2003/0228593, which are incorporated by reference herein.

[0434] Chemical aminoacylation methods include, but are not limited to, those introduced by Hecht and
coworkers (Hecht, S. M. Acc. Chem. Res. 1992, 25, 545; Heckler, T. G.; Roesser, J. R,; Xu, C.; Chang, P.; Hecht, S.
M. Biochemistry 1988, 27, 7254; Hecht, S. M.; Alford, B. L.; Kuroda, Y.; Kitano, S. 1. Biol. Chem. 1978, 253,
4517) and by Schultz, Chamberlin, Dougherty and others (Cornish, V. W.; Mendel, D.; Schultz, P. G. Angew.,
Chem. Int. Ed. Engl. 1995, 34, 621; Robertson, S, A.; Ellman, J. A.; Schuitz, P, G. 1. Am, Chem. Soc. 1991, 113,
27223 Noten, C. 1.; Aathony-Cahill, 8. I.; Griffith, M. C.; Schultz, P. G. Science 1989, 244, 182; Bain, 1. D.; Glabe,
C.G,; Dix, T. A Chémhcrlin, A. R. 1. Am. Chem, Soc. 1989, 111, 8013; Bain, J. D. et al. Nature 1992, 356, 537;
Gallivan, J. P; Lester, H, A.; Dougherty, D. A! Chem. Biol. 1997, 4, 740; Turcatti, et al. 1. Biol. Chem. 1996, 271,
19991; Nowak, M. W. et al. Science, 1995, 268, 439; Saks, M. E. et al, J. Biol. Chem, 1996, 271, 23169; Hohsaka,
T. et al, J. Am. Chem, Soc. 1999, 121, 34), which are incorporated by reference herein, to avoid the use of
synthetases in aminoacylation. Such methods or other chemical aminoacylation methods may be used to

aminoacylate tRNA molacules. )

{043s] Methods for generating catalytic RNA may involve generating separate pools of randomized ribozyme
sequences, performing directed evolution on the pools, screening the pools for desirable aminoacylation activity, and
selecting sequences of those ribozymes exhibiting desired aminoacylation activity.

[0436] Ribozymes can comprise motifs and/or regions that facilitate acylation activity, such as a GGU motif
and a U-rich region. For example, it has been reported that U-rich regions can facilitate recognition of an amino acid
substrate, and a GGU-motif can form base pairs u;ith the 3' termini of 3 tRNA. In‘combination, the GGU and motif
and U-rich region facilitate simultaneous recognition of both the amino, acid and tRNA simultancously, and thereby
fachlitate aminoacylation of the 3* terminus of the tRNA.

10437} Ribozymes can be generated by in vitro selection using a partially randomized r24mini conjugated with
tRNAASNCCCG, followed by systematic enginecring -of a consensus sequence found in the active clones. An
exemplary ribozyme obtained by this method is termed “Fx3 ribozyme” and is described in U,S. Pub. App. No.
2003/0228593, the contents of which is incorporated by reference herein, acts as a versatile catalyst for the synthesis
of varions aminoacyl-tRNAs charged with cognate non-natural amino acids.

10438} Immobiljzation on & substrate may be used to enable efficient affinity purification of the aminoacylated
tRNAs, Examples of suitable substrates include, but are not limited to, agarose, sepharose, and magne.tic heads,
Ribozymes can be immobilized on resins by taking advantage of the chemical structure of RNA, such as the 3%cis-
diol on thé ribose of RNA can be oxidized with periodate to yield the corresponding dialdehyde to facilitate
immobilization of the RNA on the resin. Varjous types of resins can be used including inexpensive hydrazide resins
wherein reductive amination makes the interaction betwéen the resin and the ribozyme an imeversible linkage.
Synthesis of aminoacylRNAs can be significantly facilitated by -this on-column aminoacylation technique.
Kouroukfis ef al. Methods 2005; 36:239-4 describe a tolumn-based aminoacylation system, :
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{0439] Isolation of the aminoacylated tRINAs can be accomplished in 2 variety of ways. One snitable method is
to elute the aminoacytated tRNAs fiom a column with a buffer such as a sqdium acefate solution with 10 mM
EDTA, a buffer containing 50 mM N-(2-hydroxyethyl)piperazine-N'-(3-propanesulfonic acid), 12.5 mM KC}, pH
7.0, 10 mM EDTA, or simply an EDTA buffered water (pH 7.0).

10440] The aminoacylated t(RNAs can be added to translation reactions in order to incorporate the amino acid
with which the tRNA was aminoacylated in a position of choice in a polypeptide made by the translation reaction.
Examples of translation systems in which the aminoacylated tRNAs of the present invention may be used include,
but are not limited to cell lysates. Cell lysates provide reaction components necessary for in vitro translation of a
polypeptide from. an input mRNA. Examples of such reaction components include but are not limited to ribosomal
proteins, rRNA, amino acids, tRNAs, GTP, ATP, translation initiation and elongation factors and additional factors
assocjated with translation, Additionally, translation systems may be ba;tch translations or compartmentalized
translation. Batch translation systems combine veaction components in a single compartment while
compartmentalized translation systems separate the translation reaction components from reaction products that can
inhibit the translation efficiency. Such translation systems are available commercially.

[0441} Further, a coupled transcription/translation system may be used. Coupled transcription/translation
* systems altow for hath transcription of an input DNA inte a corvesponding mRNA, which is in tum translated by the
reaction components. An example of a commercially available coupled tmnscnptlon/trmslatmn is the Rapid
Translation System (RTS, Rache Inc.). The system includes a mixture containing E. coli lysate for providing
translational components such as ribosomes and translation factors, Additionally, an RNA polymerase is included
for the tramscription of the input DNA inte an mRNA template for use in translation, RTS can use
compartmentalization of the reaction components by way of a membrane interposed between reaction
compariments, including a supply/waste compartment and a transcription/translation compartment.

10442) Aminoacyl;tion of tRNA may be performed by other agents, including but nat limited to; wansferases,
palymerases, catalytic antibodies, multi-functional proteins, and the like.

[0443] Stephan in Scientist 2005 Oct 10; pages 30-33 describes additional methods to incorporate non-naturally
encoded ammo acids into proteins. Lu et al. in Mol Cell. 20081 Oct;8{(4):759-69 describe a-method in which a
protem is oh emically lYigated to a synthetic peptlde containing unnatural amino acids {expressed protem llgatxon)

X Post-Translational Medifications of Non-Natural Arntine Acid Components of a Polypepnde
[0444] Methods, compositions, techniques and strategies have been developed to site-specifically incorporate

non-natural amino acids during the i vivo translation of proteins. By incorporating a non-natural amino acid with a
sidechain chemistry that is orthogonal to those of the naturally-occurmring amino acids, this technology makes
possible the site-specific derivatization of recombinant proteins. As a resu‘lt, a major advantage of the methods,
compositions, techniques and strategies described herein is that derivatized proteins can now be prepared as defined
homogeneous praducts. However, the methods, compositions, reaction mixtures, techniques and strategies described
herein are not limited to non-naturat amino acid polypeptides formed by i viva protein translation techniques, but
includes non-natural amino acid polypeptides formed by any technique, including by way of example only i vitro
techniques, expressed protein ligation, chemical synthesis, ribozyme-based techniques (see, e.g., section herein
entitled “Expression in Alterpate Systems™).

[0445].  The ability to incorporate non-natural amino acids into recombinant proteins broadly expands the
chemistries. which may be implemented for post-translational derivatization, wherein such derivatization occurs
either in vivo or /n vitro. More specifically, protein derivatization utilizing the reductive alkylation or reductive
amination reactions between a carbonyl containing compound, such as, by way of example, aldehydes, and an
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aromatic amine to form an alkylated amine, ircluding a secondary amine or a tertiary amine, linkage on a non-
natural amine acid portion of a polypeptide offers several advantages. First, the naturaily occuring amino acids (2)

do npot contain aromatic amine groups that can react with carbony! groups to form alkylated aromatic amipes,

theréby creating secondary amine or tertiary amine linkages, and (b) aromatic amine groups can react with carbonyl
containing groups to form afkylated amines, idcluding secondary amines or tertiary amines, and thus reagents
designed to form such alkylated amines will react site-specifically with the non-natural amine acid component of the
polypeptide (assuming of course that the non-natural amino acid and the colxresponding resgent have been desigaed
to form alkylated amines and the comesponding amine linkage). Such site specific derivatization js jllustrated in
FIGS. 19-34, wherein the sidechain containing an aromatic amine is preferentially reductively alkylated over
sidechains containing protonated amines or imidizele moieties. Second, such atkylated aromatic amines have amine
linkages wh ich are stable under biological conditions, suggesting that proteins derivatized by such linkages are valid
candidates for therapeutic apphcatxons. Third, the stability of such amine linkage can be mampulated based on the
identity (i.e., the functional groups and/or structure) of the non-natural amino acid to which the Ilnkage has been

" formed, In some embodlments, the alkylated amine, including a secondary amine or a tertiary amine, linkage to the

non-natural amino acid polypeptide has a decomposition haif life less than one hour, in other embodiments less than
1 day, in other embodiments less than 2 days, in other embodiments l;ass than 1 week and in other embodiments
more than 1 week. In yet other embodiments, the resulting alkylated amine, including a secondary amine or a
tertiary amine, is stable for at least four weeks under biological conditions. In yet other embodiments, the resulting
alkylated amine, including a secondary amine. or a tertiary amine, is stable for at least three weeks under biological
conditions. In yet other embadiments, the resulting alkylated amine, incl}:ding a secondary amine ov a tertiary
amine, is stable for at least two weeks under bialogical conditions. In yet other embodiments, the resulting alkylated
sjtminc,'including a secondary amine or a tertiary amine, is stable for at least one week under biological conditions.
In other embodiments the resuiting alkylated amine, including a secondary amine or a tertiary amine, linkage is
stable for at least 6 days under biological conditions. In other embodiments the resulting atkylated amine, including
a secondary amine or a tertiary amine, linkage is stable for at least § days under biological condlt:ons. In other
embodiments the resulting alkylated amine, including a secondary amine or a tertiary amine, lmkage is stable for at
least 4 days under biological conditions. In other embodiments the resulting alkylated amine, including a secondary
amine or a tertiary amine, linkage is stable for at least 3 days under biological conditions. In other embodiments the
rwxlliqg alkylated amine, including a secondary aming or a tertiary amine, Jinkage is stabie for at least 2 days under
biological conditions. In other embodiments the resulting alkylated amine, including = secondary amine or a tertiary
amine, linkage is stable for at least 1 day under biological conditions. In other embediments the resulting alkylated
amine, including a secondary amine or a tertiary amine, linkage is stable for up to 24 hours under biological
conditions, In other embodiments the resulting alkylated amine, including a secondary amine or a tertiary amine,
linkage is stable for up to 12 hours under biological conditions. In other embodiments the resulting alkylated amine,
including a secondary amine or a lertiary amine, linkage is stable for up to 6 hours under biological conditions, In
other embodiments the resulting alkylated amine, including a secondary amine or a tertiary amine, linkage js stable
for up to 3 hours under biological conditions. In other embodiments the resulting alkylated amine, including o
secondary amine or z lertiary amine, linkage is stable for up to 2 hours under biological conditions. In other
embodiments the resuiting alkylated zmine,‘inciuding a secondary amine or a tertiary amine, linkage is stable for up
to 1 hour under biological Conditions. In yet other embodiments, the resnlting alkylated amine, including a
secondary amine or a-tertiary amine, is stable for at least two weeks under mildly acidic conditions, in other
embodirents the resulting alkylated amine, including a secondary amine or a tertiary amine, linkage is stable for at
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least 5 days under'mildly acidic conditions. In other embodiments, the pon-natural amino acid polypeptide is stable
for at least 1 day in 2 pH between about 2 and about 8; in other embodiments, from a pH of about 2 to about §; in
other embodiment.‘ in 2 pH of about 2 to about 4, In other embodiments, the non-natural amino acid polypeptide is
stable for at least 1 day in a pH between about 6 and about 10; in other embodiments, from a pH of about 4 to about
8; in other emboidtiment, in 3 pH of about 4 to about 10. In other embodiments, the non-natural amino acid
polypeptide is stable for at Jeast 1 day in a pH between about 2 and about 5; in other embodiments, from a pH of
about 3 to about 7; in other embodiment, in a pH of about 3 to about 10.In other embodiments, using the stratagies,
methods, compositions and techniques described herein, the synthesis of alkylated amine, including secondary
amine or tertiary amine linkages to a non-natural amino acid polypeptide, may vary to alter the decomposition half-
life to the needs required (e.g., for a therapeutic use such as sustained release, or a diagnostic use, commercial
products, or an industrial use or a military use).

[0446] The non-natural amino acid polypeptides described above are useful for, including but not limited to,
novel therapeutics, diagnostics, catalytic enzymes, industrial enzymes, binding proteins (including but not limited to,
antibodies and antibody fragments), and including but not limited to, the study.of protein struetuve and function. See,
€., Dougherty, (2000} Unnatural Amino Acids as Probes of Brofein Structure and Function, Current Opinion in
Chemical Biology, 4:645.652, Other uses for the non-natural amina acid polypeptides described above include, by
way of example only, assay-based, cosmetic, plant biology%environmental. energy-production, and/or military uses,
However, the non-natural amino acid polypeptides described above can undergo further modifications so as to
incorporate new or modified functionalities, including manipulating the therapeutic effectiveness of the polypeptide,
improving the safety profile of the polypeptide, adjusting the pharmacokinetics, pharmacologics and/or

- pharmacodynamics of the polypeptide (e.g., increasing water solubility, bioavailability, increasing serum halt:—iife, ’

increasing therapeutic halflife, modulating immunogenicity, modulating biological activity, or cxtending the
circulation time), providing additional functionality to the polypeptide, incorporating a tag, label or detectable signal
into the pelypeptide, casing the isclation properties of the polypeptide, and any cambination of the aforementioned
maodifications. ' .

104471 The methods, compositions, strategies and techniques described herein are not limited to a particufar
type, class or family of polypeptides or proteins. Indeed, virtually any polypeptides may include at least one non-
natural amino acids described herein. By way of example only, the polypeptide can be homologous to a therapeutic
protein selected from the group consisting of: alpha-1 antitrypsin, angiostatin, antihemolytic factor, antibody,
apolipoprotein, apoprotein, atrial natriuretic factor, atvial natriuretic polypeptide, atrial peptide, C-X-C chemokine,
T39765, NAP-2, ENA-78, gro-a, gro-b, pro-c, IP-10, GCP-2, NAP-4, SDF-1, Pi’li, MIG, caleitonin, okit ligand,
cytokine, CC chemokine, monocyte chemoatiractant protein~1, monocyte chemoatiractant protein-2, monocyte
chemoattraciant protein-3, monoeyte inflammatory protein-I alpha, monocyte inflammatory protein-i beta,
RANTES, 1309, R83915, R91733, HCC1, T58847, D31065, T64262, CD40, CD40 ligand, c-kit ligand, collagén,
colony stimulating factor (CSF), complement factor Sa, complement inhibitor, complement receptor 1, cytokine,
epithelial nentrophil activating peptide-78, MIP-16, MCP-1, epidermal growth factor (EGF), epithelial neutraphil
activating peptide, erythropoietin (EPQ), exfoliating toxin, Factor IX, Factor VII, Factor VIiI, Factor X, fibroblast
growth factor (FGF), fibrinogen, fibronectin, four-helical bundle protein, G-CSF, glp-1, GM-CSF,
Llucocerebrosidase, gonadotropin, growth factor, growth factor receptor, gif, hedgehog protein, hemoglobin,
hepatocyte growth factor (hGF), hirudin, human growth hormone (hGH), human serum albumin, ICAM-1, ICAM-1
receptor, LFA-1, LFA-1 receptor,. nsulin, insulin-like growth factor (IGF), IGF-I, IGF-II, interferon (IFN), IFN-
alpha, [FN-beta, IFN-gamma, any interferon-like molecule or member of the IFN family, interleukin (IL), 1L~1, IL-
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2, IL-3, IL4, 1L-5, 1L-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, keratinocyte growth factor (KGF), lactoferrin,

-Jeukemia inhibitary factor, luciferase, neurturin, neutrophil inhibitory factor (NIF), oncostatin M, osteogenic protein,

oncogene product, paracitonin, parathyroid hormone, PD-ECSF, PDGF, peptide hormone, pleiotropin, protein A,
protein G, pth, pyrogenic &xotoxin A, pyrogenic exotoxin B, pyrogenic exotoxin C, pyy, relain, renin, SCF, small
biosynthetic protein, soJuble complement receptor I, soluble I-CAM 1, soluble interleukin receptor, soluble TNF
receptor, somatomedin, somatostatin, somatotropin, streptokinase, superantigens, staphylococcal enterotoxin, SEA,

.SEB, SEC1, SEC2, SEC3, SED, SEE, steroid hornione receptor, superoxnde dismutase, toxic shock syndrome toxin, .

thymosin alpha 1, tissue plasminogen actlvator, tumor growth factor (TGF), tumor necrosis factor, tumor necrosis
factor alpha, tumor necrosis factor beta, tumor necrosis factor seceptor (TNFR), VLA-4 protein, VCAM-1 protein,

" vascular endothelial growth factor (VEGF), urokinase, mos, ras, raf, met, p53, tat, fos, myc, jun, myb, rel, estrogen

receptor, progesterone receptor, testoste;'one receptor, aldosterone receptor, LDL receptor, and corticosterone. The
non-natural amino acid polypeptide may also be homologous to any polypeptide member of the growth hormone
supergence family. .

{0448} Such modifications include the incorporation of further functionality onto the non-natural amino acid
compenent of the polypeptide, including but not limited to, a label; a dye; 2 polymer; a water-soluble polymer; a
derivative of polycthylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; a
photoaffinity label; a reactive compound; a resin; a second prote'in or polypeptide or po]y;;eptide analog; an antib.ody
or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a DNA; a RNA; an
antisense polynucleotide; a saccharide, 2 water-soluble dendrimer, a cyclodexirin, a biomaterial; 2 nanoparticle; a
spin Jabel; a fluorophore, a metal-containing moiety; a sradioactive moiety; a novel functional group; a group that
covalently or noncovalently interacts with other molecules; a photocaged moicty; an actinic radiation excitable
moiety; a ligand; a photoisomerizable moiety; biotin; 2 biotin analogue; a moiety incorporating a heavy atom; a
chemically cleavable group; a photocleavable group; an elongated side chmn‘ a carbon-linked sugar; 2 redox-active
agent an amino thioacid; a toxic moiety; an xsotoplcally labeled moxety, a bxophysxcal probe; a phosphorescent
group, a chemiluminescent group; an electron dense group; a magnetic group; am intercalating group; a
chromophore; an energy transfer agent; 2 biologically active agent; a detectable label; a small molecnlé; an
inhibitory ribonucleic acid; a radionucleotide; a neutron-capture .agent; a derivative of biotin; quantum dot(s); a
nanotransmitter; a radiouansmxtter an abzyme, an activated complex activator, a virus, an adjuvant, an aglycan, an

. allergan, an angiostatin,” an antihormone, an antfoxidant, an aptamer, a guide RNA, a sapanm a shuttle vector, a

macromotlecule, a mimotope, a receptor, a reverse micelle, and any combination thereof.
[0449] - Thus, by way of cxample only, a non-natural amino acid polypeptide containing any one of the

following amino acids may be further modified using the methods and compositions described herein:
M

(R.)

R|~.
@

wherein:
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(R;).\{A‘ IH
NN |
‘L""!- : is selected from the group consisting of a monocyclic aryl ring, a bicyclic aryl ring, 2 multicyclic
» _ arylring, a monocyclic heteroaryl ring, a bicyclic heteroaryl ring, and a multicyclic heteroaryl ring;
A is independently CR,, or N; .
B is independently CR,, N, Q, or S;
each R, is independently selected from the group cdnsisting of H, halogen, alkyl, -NO,, -CN, substimted alkyl, -
N(R’), -COXR", -C{O)N(R*);, -OR’, and -S(O)R’, where kis 1,2, or 3;and n is 0,1, 2,3, 4,5, or 6;
R, is H, an amino protecting group, resin, amino acid, polypeptide, or-polynucleotide; and

. Ry is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;

gach of R, and Ry is independently H, halogen, lower alkyl, or substituted lower alkyl, or Ry and R4 0r two R; groups
optionally form a cycloalkyl or a heterocycloalkyl; .

M is H or —CH,Rs; or the M-N-C(Rs) moiety may form a 4 to 7 membered ring structure;

Rs is alky}, substituted alkyl, alkenyl, substituted alkenyl, élkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyatkylene oxide, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, hetemcycle,.substituted heterocycle, alkaryl,
substituted alkaryl, aralkyl, substituted aralkyl, -<C(O)R”, -C(Q)OR?, ~-C(Q)N(R™);, -C(O)NHCH®R"),, ~
(alkylene or substituted atkylene)-N(R™),, -(alkenylene or substituted alkenylene)-N(R");, -(alkylene or
substituted alkylene)-(aryl or substituted aryl), -(alkenylene or s'ubs‘tituted alkenylene)-(aryl or substituted aryl),
-(alkylene or substituted alkylene)-ON(R™);, ~(alkylene or substituted alkylene)-C(O)SR™, -(atkylene or = -
substituted alkylene)-S-S-(ary! or substituted aryl), wherein each R” is independently hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substitutéd alkoxy, aryl, substituted aryl, heter-oa.ry[,
substituted heteroaryl, heterocycle, substituied heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted
aralkyl, or -C(O)OR’; . o

or Rs is LX, where, X is a selected from the group consisting of a label; a dye; a polymer; a water-soluble polymer;
a derivative of polyethylene glycol; a photacrosstinker; a cytotoxic compound; a drug; an affinity label; a )
photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a cafbohydrate; a polynucleotide; a
DNA; 3 RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a cyclodextrin, a
biomaterial; 2 nanoparticle; a spin label; a fluorophore, a metal-containing moiety; a radioactive moicty; a novel
functional group; 2 group that covalently or noncovalently interacts with other molecules; 2 phoiocaged moiety;
an actinic radiation excitable moiety; 2 ligand; a photoisomerizable moiety; biofin; a biotin analoghe; 2 moiety
incorporating a heavy atom; a chemically cleavable group; a photocleavable group; an elongated side chain; a
carbon-linked suger; 2 redox-active agent; an amino thioacid; a toxic moiety; an isotopically labeled moiety; a
biophysical probe; a phosphorescent group; a chemilumineseent group; an electron dense group; 2 magnetic
group; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; 2 detectable |
label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derjvative
of biotin; quantum dot{s); a nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, a
vin.:ns, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, 3 guide
RNA, a saponin, a shuttle vector, a2 macromolecule, 2 mimotope, a receptdr, a reverse micelle, and any
combination thereof; and L is optional, and when present is a linker selected from the group consisting of
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alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene oy substituted alkylene)-, -
(alkylene or substituted alkylene)-O-, -C(O)-, ~-C(0)-(alkylene or substituted alkylene)-, -(alkylene or
substituted alkylene)-C(0)-~, ~C(O)N(R*)-, ~C(OYN(R)-(alkylene or substituted alkylene)-, -(alkylene or
substituted alkylene)-C(ON(R?), -OC(O)N(R")-, -bC(O)N(R’)‘-(alkyl ene or substituted alkylene)-, -(alkylene
or substituted alkylene)-OC(O)N(R’)+, -N(R*)C(D)-, -NR’C(O)-{alkylene or substituted alkylene)-, -(alkylene
or substituted alky)ene}-NR‘_C(o)A, -S-, -S-(alkylene or substituted alkylene)-, -8(0)- wherekis 1,2, 0r 3, -
S(O)g(aikylc;le or substituted alkylene)-, ~C(8)-, ~C(S)-(alkylene or substituted alkylene)~, ~-CSN(R")-,
~CSN(R™)-(alkyiene or s;ubstitutcd alkylene)-, -N(R")CO-(alkylene or substituted alkylene)-, “N(R*)C(O)O-, «
(alkylene or substituted alkylene)-O-N=CR’-, -(alkylene or substituted alkylene)-C(O)NR’~(alkylene or
10 substituted alkylenc)-, ~(alkylene or substituted alkylene)-S{0),~{ alkylene or substituted slkylene)-:'s‘-, -
(alkylene or substituted alkylene)-S-S-, ~S(O}N(R)-, -N(R*)C(OIN(R")-, -N(R)C(S)N(R")-,
“N(R*)S(O)N(R?)-, -N(R?)-N=, -C(R*)=N-, -C(R*)=N-N(R")-, -C(R")=N-N=, -C(R");-N=N-, and
~C(RL-NRYN(R)
or Rs and any R, optionally form a eycloaikyl or a heterocycloalkyl; and
15  each R” is independently H, alkyl, or substituted alkyl. )
Such non-natural amino acids inelude, but are not limited to, the amino acids with the following structures: °

R, /A\€4 . B— A' \Al ' A"A I B\
Ro AN, A NN by oA R I,,A‘
Ry ' R, RSy Sy A
R Rie
.R|\E ) 2 1\g R“ l\}g T Ry
o (9]

Wi

.

(III) o aw)
A=Al
B\
sy
RS
KI\E Ry M
Ry . .. ]
o (V), wherein, each A’ is independently selected from CR,, N, or C—NH, and up to
M

; .. .
two A’ may be C—NH with the remaining A? selected from CR,, or N,
!0 In addition, such non-natural amino acids include, but are not limited to, the amino acids with the following

structuras:

Ra
Re Nely Ra : N\(3

’ R; RJ

Ry Ra

Ra

R RJ Rl\ z

K &, . . )

o VD and (VID) wherein; G is an amine protecting

group, including, but not limited to,

;’JY%«"C" \n/o 0 \/O \n,oQ :

NO,

3

CHS ' g.._ or YO\/\,S:Ma;
: cs, :
?
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R; B
Ry Rz
R, .
(o) o (B8) .
wherein:
(Ro);

Ajy

SN
aryl ring, 2 monacyclic heteroaryl ring, a bicyclic heteroaryl ring, and a multicyelic heteroaryl ring;

A is independently CR,, or N}

B is’independently CR;, N, O, or S;

each R, is independently selected from the group consisting of H, halogen, alkyl, -NO,, -CN, substituted alkyl, -
N(R), ~CORR’, -C{OIN(R”)2, -OR", and -S(O).R’, where kis 1,2, 0r3;and nis 0, 1, 2,3, 4. 5, or &

R, is H, an amino protecting group, resin, amine acid, polypeptide, or polynucleotide; and

is selected from the group tonsisting of a monoeyclic é:yl ring, a bicyclic aryl ring, a multicyclic

R; is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;

each of Ry and Ry is independently H, halogen, lower alky], or substituted lower alky), or R; and Ry or two Ra groups
optionally form a cycloal kyl or 2 heterocycloalkyl;

¥ is~NH-NH;, -NH-NHR", -CR’=NR”, -NO,, of -N, and

each R’ is independently H, alky, or substituted alkyl,

In addition, such non-natural amino acids include, but are not Jimited 1o, the amino acids with the following
structures: . .

Ra Y
Ra 24 - Ra Ra Ra
Ry Rs R3.
Ry Ra Ry Ra Ry Y
Rn Ra Rs
RI\N Ry R Rq . Ris Ry
H Ra Ry Ry
. © (Vi) o {Ix) c . ™
Ra 24 ’
Ry
"Ry Ra '
Ra
R Rz ‘
H R
o X1).
S o
(Rn)n\/A N _R5
R3 .
Ry B
Ry~ Ry
N ]
© i R ©
wherein:
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LL““- B is selected from the group consisting of a monocyclic ary! ring, a bicyclic ary) ring, a
multicyclic aryl ring, a monocyclic heteroaryl ring, a bicyclic heteroaryl ring, and & multicyclic heteroaryl ring;

A is independently CR;, or N; R

B is independently CR,, N, Q, or §;

each R, is independently selected from the group consisting of H, halogen, alky!, -NO,, -CN, substituted alkyt, ~
N(R")s, ~C(O)R”, ~C(OIN(R)z, -OR’, and -S(O)R’, where k is 1, 2, or 3; and n is 0, 1,2, 3, 4, 5, or 6;

R, is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R; is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;

each of R; and Ry is independently H, halogen, lower alkyl, or substituted lower alkyl, or R; and R4 or two R groups
optionally form a cycloatky! or a heterocycloalkyl; .

M is H or ~CHaRs; or the M-N-C(R;) moiety may form a 4 to 7 membered ring structure;

R; is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkyny), alkoxy, substituted alkoxy,_
alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heterc;aryl, substituted heteroaryl, heterocysle, substituted heteracycle, alkaryl,
substituted atkaryl, aralkyl, substituted aralkyl, -C(O)R”, -C(O)OR?, -C(O)N(R™);, ~C(OINHCH(R™)p, =
(alkylene or substitut?d alkylene)-N{R"},, ~{alkenylene or su.bstituted alkenylene)}-NR"),, -{alkylene or
substituted alkylene)-(aryl or substituted aryl), ~(alkenylene or substituted alkenylene)-(aryl or substituted aryl),
~(atkylene or substituted alkylene)-ON(R™),, -(alkylene or substituted alkylene)-C(O)SR”, -(zlkylene or
substituted alkylene)-S-S-(ary! or substituted aryl), wherein each R” is independently hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, hetcroaryl,
substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted
aralkyl, or -C(O)OR’;

or R; is L-X, where, X is a selected from the group consisting of a label; a dye; a polymer; a water-soluble polymer;
a derivative of polyethylene glycol; a photocrosslinkers a cytotoxic compound; a drug; an affinity label; a
photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; 2 polynucleotide; a
DNA; a RNA; an antisense polynucleotide; a saccharide, a water-soluble des;drimer, a cyclodextrin, a

- biomaterial; a nanoparticie; a spin tabel; a fluorophore, a metal-containing moiety; a radioactive moiety; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; a photocaged moiety;
an actinic radiation excitable moiety; a ligand; a photoisomerizable moiety; biotin; a biotin analogue; a moiety
incorporating a heavy atom; 2 chemically cleavable group; a photocleavable group; an elongated‘side chain; a
carbon-linked supar; a redox-active agent; an amina thioacid; a toxic moiety; an isotopically labeled moiety; a
biophysical probe; a phosphorescent group; a chemiluminescent group; an electron dense group; a2 magnetic
gr‘oup; an intercelating group; a chromophore; an energy transfer agent; a biologically active agent; 3 detectable
label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum dot(s); 2 nanofransmitter; a radiotransmitter; an abgyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a guide
RNA, a saponin, a shuttle vector, a macromolecule, a mimotope, a receptor, a reverse micelle, and any
combination thereof; and L is optional, and when present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, ~O-(alkylene or substituted alkylene)-, -
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(alkylenc or substituted alkylene)-Q-, -C{O)-~, -C(Q)-(alkylene ar substituted alkylene)-, -(alkylene or
substitated alkylene)-C(0}-, -C(O)N{R")-, -C(ON(R™)-(alkylene or substituted alkylene)-, -(alkylene or
substituted alkylene)-C{O)N(R?), -OC(O)N(R*)-, bC(O)N(R’)-(aIkylcne or substituted alkylene)-, -{alkylene
or substituted atkylene)-OC(OYN(R "}~ -N(R*)C(0)-, -NR’C(O}-(alkylene or substituted alkylene)-, -(alkylene
5 or substituted alkylene)-NR’C(O)-, S+, -S-(alkyletie or substituted alkylene)-, -S{(O),~ where k is 1,2, or 3, -
S(O)(alkylene or substituted allcylene)-, -C(S)-, -C(S)-(atkylene or substituted alkylene)-, -CSN(R*)~,
~CSN(R*)-{alkylene or substituted atkylene)-, N(R*)CO-(alkylene or substituted atkylene)-, -N(R)C{O)O-, -
{(alkylene or substituted alkylene)-O-N=CR’-, -(alkylene or substituted alkylene)-C(O)NR'-(alkylene or
substituted alkylene)-, -(alkylene or substituted alkylene)-S(O)~( alkylene or substituted alkylene)-s-, -

10 (elkylene or substituted alkylenc)-5-S-, -S(OMNER')-, “N(R)C(ON(R)-, -NRICEN(R’)-,
“NQR)SOWNCR)-, N(RY)N=, -CR)=N-, ~C(R)=N-N(R?)-, -C(R’J=NN=, -C(R7)3-N=N-, and
~C(R’)z-N(R’)~N(R’)-;

or Rs and any R, optionally form a cycloalkyl or 2 heteracycloatkyl; and
each R is independently H, alkyl, or substituted alkyl.
15 Such non-natural amino acids include, but are not limited 1o, the amino acids with the following structures:

JR‘:\'[; \A. . I '}N
; . Ji\;

Ry

Ry Ry Ry Ry

B R J! oy Ry (

o o XIV)
A . A'=A{
AP B B ,'A'
. \I-?A' e
Ry A ' Ry A . . ..
RI\N Rz Ri‘-N Ry )
Re H R .
B ™5 V) 0 (XV1), wherein, each A” is independently

. i
selected from CRq, N, or €~Noi’™_and up to two A’ may be & NeirRs wyith the remaining A selected
from CR,, or N,

R R
R: L QTG
Ry~ Rq
N
D (@ ERS @

wherein; .

L is optional, and when present is lower alkylene, substituted lower atkylene, lower cycloalkylene, substituted lower
cycloalkylene, lower alkenylene, substituted Iower alkenylene, alkynylene, lower heteroalkylene, substituted
heteroalkylene, lower heterocysloalkylene, substitured lower heterocycloalkylene, arylene, substituted arylene,
heteroarylene, substituted heteroarylente, alkarylenc, substituted aikarylene, araikylene, or substituted

s

aralkylene;
Q is optional, and when present is a linker selected from the group consisting of lower alkylene, substituted lower
alkylene, lower alkenylene, substituted lower alkenylene, lower hetercalkylene, substituted lower
) heteroalkylene, O-(alkylene or substituted alkylene)-, -S-(alkylene or substituted alkylene)-, where k is 1,2, or
1 3, -S(0)(alkylene or substituted atkylene)-, -C(O)-{alkylene or substituted alkylene)-, ~-C{S)-(alkylene or
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substituted alkylene)- -NR*-(alkylene or substituted alkylene)-, -CON(R™)-{alkylene or substituted alkylene)-,
~CSN(R")-(alkylene or substituted alkylene)-, -N(R*)CO-(alkylene or substituted alkylene)-, and where each R’
is independently H, alkyl, or substituted alkyl;

R; is H, an amino protecting group, resin, amiiio acid, polypeptide, or polynucleotide; and

5  R;is OH, an ester protecting group, resin, amino acid, polypeptide, or polynuclectide;

each of R, and Ry s independently H, halogen, lower alkyl, or substituted lower alkyl, or Rz and R4 or two Rs groups
optionally form a eycloalkyl or a heterocycloalkyl;

each R, is independently seiected from the group consisting of H, halogen, aikyl, “NO,, -CN, substituted atkyi, -
N(R)z, ~COXR?, -C(OIN(R)2, -OR?, and -S(O)R’, where k is 1, 2, or 3; <

10  Rgis 2 protected aldehyde or a masked aldehyde, wherein the protecting group includes, but js not limited to,

- SEE SR e e
.
):';X X] X, vt t?_z-)‘xz; o LLL)LXZ

RO" or, S :

s , where each X ts independently

selected from the group consisting of -O-, -S-, -N(H)-, -N{R)-, -N(Ac)-, and -N(OMe)-’ X, is-OR, -OAc, -8R,
-'N(R),, -N(R)(Ac), ~N(R)(OM¢), or N,, and where each R and R is independently H, alkyl or substituted atkyl;

Lw):j

Rz

R'\E Ry

L@ ®)
15  whetein:

L is optional, and when present is lower altkylene, substituted tower alkylene, lower cycloalkylene, substituted lower
cycloalkylene, lower ailkenylene, substituted lower alkenylene, alkynylene, lower heteroalkylene, substituted
heteroalkylene, Jower heterocycloalkylene, substituted Jower heterosycloalkylene, arylene, substituted arylene; -
heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or substituted

0 aralkylene; .

Q is optional, and when present is a linker selected from the group consisting of lower alkylene, substituted lower

alkylene, Tower alkenylene, substituted lower alkenylene, Jower heteroalkylene, substituted fower

. heteroatkylene, -O-, ~O-(alkylene or substituted alkylene)-, -S-, -S-(alkylene or substituted alkylene)-, -S(O)k-

where k is 1, 2, or 3, -S(O)(alkytene or substituted alkylene)-, «C(0)-, -C(O)-(alkylene or substituted alkylene)-
5 s ~C(8)-, -C{8)~(alkylene or substituted alkylene)-, -N(R?}-, -NR’-(alkylene or substituted alkylent)-,

~C{OMN(R")-, -CON(R™)-(alkylene or substituted alkylene)-, ~CSN(R”")», -CSN(R’)~(alkylene or substituted

alkylene)-, -N(R’)CO-, -N{R’)CO-(atkylene.or substituted alkylene)-, -N(R*)C(0)0-, ~-S(O)N(R?)-,

“N(R)COIN(R)-, “N(R*)C(SIN(R?)-, -NR")S(O)N(R")-, -N(R")-N=, -C(R¥)=N-, -C(R’)<N-N(R'}~, -

C(R'y=N-N=, -C(R"J-N=N-, and -C(R*),-N(R*)-N(R")-, where each R’ is fndependent)y H, alkyl, or substituted ,
) altkyl;

Ry is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R;is OH, an ester protecting group, resin, aminoe acid, polypeptide, or polynucleotide;

each of R, and R4 is independently H, halogen, lower alkyl, or substituted Jower alkyl, or R; and Ryortwo Ry groups
optionally form a cycloalkyl or a heterocycloalkyl;
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each R, is independently selected from the group consisting of H, halogen, alkyl, “NO», -CN, substituted alkyl, -
N(R?),, -C(O)R?, “C(OIN(R)2, -OR’, and -S(O)R’, where kis 1,2,0r3;nis 0, 1,2, 3,4, 5, or 6;

M is H or —CHRs; .

Rs is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substitured alkoxy,

S alkylalkaxy, substituted aliylalkoxy, polyalkylene oxide, substituted polyalkylene oxide, cycloalkyl, substituted
cycloalky), aryl, substituted aryl, heteraaryl, substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl,
substituted alkaryl, aralkyl, substituted aralkyl, ~-C(O)R”, -C(O)OR?, -C(O)N(R")z, ~-C(ONHCH(R™),, -
{alkylene or substituted alkylene)-N{R"),, ~(alkenylene or substituted alkenylene)-N(R*),, -(atkylene or
substituted alkylene)-(aryl or substituted aryl), -(alkenylene or substituted alkenylene)-(aryi or substituted aryl),

10 -(alkylene or substituted alkylene)-ON(R”),, -{alkylene or substituted alkylen.e)-C(O)SR”, -(alkylene or
stbstituted alkylene)-S-S-(aryl or substituted aryl), wherein each R” is indepem.dcntly hydrogen, alky},
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocycle, substituted heterocycle, atkaryl, substituted alkaryl, aralkyl, substituted
aralkyl, or -C(O)OR’;

13 or Rs is L-X, where, X is a sclected from the group consisting of a label; a dye; 2 polymer; a water-soluble polymer;
a derivative of polyethylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; a
photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucieotide; a
DNA; 2 RNA; an antisense polynuclcotide; a saccharide, a water-soluble dendrimer, a cyclodextrin, 2

20 biomaterial; a nanoparticle; a spin label; a fluorophore, a metal-containing mc;iety; a radioactive moiety; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; a photocaged moiety;
an actinic radiation excitable moicty; a ligand; a photoisomerizable moiety; biotin; a biotin analo gue; a moiety
incorporating 3 heavy atom; a2 chemically cleavable group; a photocleavable group; an elongated side chain; a
carbon-linked sugar; a redox-active agent; an amino thioacid; a toxic moiety; an isotopically labeled mmoijety; a. .

25 biophysical probe; a phosphorescent group; a chemiluminescent group; an electron dense group; a magnetic
group; an intercalating group; achromophore; an energy transfer agent; a biologically zctive agent; a detectable
label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum dot(s); a nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer; a guide

30 RN A, a saponin, a shuttle vector, a macromolecule, & mimotope, a receptor, a reverse micelle, and any
combination thereof; and L is optional, and when present js a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, «O-, -Ol(alkylene or substituted alkylene)-, -
(alkylene or substituted alkylene)-O-, -C(0)-, -C(O)-(alkylene or substituted alkylene)-, -(alkylene or
substituted alkylene)-C(O)-, -C(O)N(R")-, ~-C(OIN(R")-(alkylene or substituted alkylene)-, -(alkylene or

i5 substituted alkylene)-C{OIN(R"), -OC(ON(R"}-y-OC(OIN(R")-(alkylene or substituted alkylene)-, -(alkylene
or substituted alkylene)-OC(O)N(R”)-, -N(R)C(0)~, “NR*C(O)-(alkylene or substituted a_lkylené)—, -(alkylene
or substituted alkylene)-NR'C(O)~, -S-, -S-(alkylene or substituted alkylene)-, -S(O)- where k is 1, 2, or 3, «
S{O)(alkylene or substituted aikylene)-, -C(8)-, -C(S)-(atkylene or substituted alkylene)-, -CSN(R?)-,
~CSN(R™)-(alkylene or substituted alkylene)-, -N(R*)CO-(alkylene or substituted alkylene)-, -N(R*YC(O)O-, -

o (atkylene or substituted alkylene)-O-N=CR’-, -(alkylene or substituted alkylene)-C(O)NR-(alkylene or
substituted afkylene)-, -(alkylene or substituted alkylene)-S(0)-{ atkylene or substituted alkylene)-S-, -
(alkylene or substituted alkylene)-S-S-, -S(O}N(R?)-, “N(R"YC(OIN(R")-, -N(R?)C(S)N(R")-,
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NR?)S(O)N(R)~, “N(R*)-N=, -C{R")=N-, ~C(R")=N-N(R"}-, ~C(R)=N-N=, -C(R>)}-N=N-, and
~C(R")2-N(R")-N(R")-;

or Rgand any R, optionally form a cycloalkyl or a heterocycloalkyi‘

each,R’ is independently H, zlkyl, or substituted alkyl;

(R‘) Y‘\ '

is selected from the group consisting of a monoeyclic ary! ring, a bicyclic aryl ring, 2 multicyclic
aryl ring, 2 monocyclic heteroaryl ring, 2 bicyclic heteroary! ring, zmd a multicyclic heteroaryl ring;

Ais independently CR,, or N; and ’

B is independently CR,, N, O, or S.

{0450y In one aspect of the methods and compositions described herein are composit‘mys that include at least

one polypeptide with at least onc, including but not limited to, at least two, at least three, at least four, at Jeast five, at

least six, at Jeast seven, at least eight, at least nine, or at least ten or more non-natural amine acids that have been
post-translatiopally modified. The i)ust-translationalIy'modiﬁed non-natural amino acids ¢an be the same or
different, including but not limited to, there can be 1,2, 3,4, 5,6,7,8,9, 10 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,-or
more different sites in the protein that corprise 1,2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or
more different post-translationally-modified non-natura) amino acids. In another aspect, a composition includes a
polypeptide with at least one, but fewer than all, of a particular amino acid ﬁrescht in the polypeptide is substituted
w:th the post- translatxonally-modlf‘ ed non-natural amino acid. For a given polypeptide with more than one post-
h-anslatronaliy-modxﬂed non-natural amino acids, the post-translationaliy-modified non-natural amino acids can be
identical or different (including but not limited to, the polypeptide can include.two or more different types of post-
translationally-modified non-natural amino acids, or can include two of the same post-translationally~-modified non-
natural amino acid). For a given polypeptide with more than two pést-translationally-modiﬁed non-natural amino

acids, the post-translationally-modified non-natural amino acids can be‘ the same, different or a combination of a

multiple post-translationally-modified non-natural amino acid of the same kind with at least one different post-

translationally-modified non-natural amino acid,

A Metlods for Posr-TmnsfalIonally Modifying Non-Natural Amino Acld Pab:pepl:des using a
Single Post-Translational Modification Step: Reductive Alkylation Reacfions of Aromatic Amine-
Containing Non-Natural Amino Acids with CarbouyI-ConIax‘nIn.g Reagents

[0451], The sidechains of the naturally occurring amino acids lack highly nucleophilic sites, Therefore, the
incorporation of 2 non-natural amine acid with a nucleophilic-contatning sidechain, including, by way of example
only, an amino acid containing an aromatic amine group or a substituted aromatic amine group, makes possible the
site-specific alkylation of this sidechain via nucleophilic addition to a carbonyl containing reagent, including an
aldehyde-containing reagent, followed by a reduction reaction. This reductive alkylation reaction generates an amine
linkage, including secondary and tertiary amines,

{6452) - The methods for derivatizing and/or further modifying may be conducted with naturally generated

polypeptides or chemically synthesized polypeptides that has been purified prior to the reductive alkylation step or

after the reductive alkylation step. In addition, the methods for derivatizing and/or further modifying may be

" conducted wifh on synthetic polymers, polysaccharides, or polynucleotides which have been purified before or after

such modifications.
10453 Post-transiational modification of'pdlypeptides based upon reductive alkylation of an aromatic amine-

containing polypeptide with an aldehyde-containing reagent has distinct advantages, First, aromatic amines can be
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reductively alkylated with carbonyl-containing compounds, including aldehydes, and ketones, in a pH range of
about 4 to about 10 (and in further embodiments in 2 pH range of about 4 to about 7) with a reducing agent, such as
NaBCNH;, to generate secondary or tertiary amine linkages. Other reducing agents which may be used inclnde:, but
are not limited to, TCEP, Na;S, N2;5,0,, LIAIH,, B,H;, and NaBH,. Second, under these reaction conditions the
chemistry is selective for non-natural amino acids as the sidechains of naturally occurring amino acids are
unreactive. This allows for site-specific derivatization of polypeptides which have incorporated non-natural amino
acids containing aromatic amine moieties or protected aldehyde moieties, including, by way of example,
recombinant proteins. Such derivatized polypeptides and proteins can thereby be prepared as defined homogeneous
products. Third, the mild conditions needed to effect the reaction of an aromatic amine moiety on an amino acid,
which has been incorporated into a polypeptide, with an aldehyde-containing reagent generally do not irreversibly
destray the tertiary structure of the polypel;tide (excepting, of course, where the purpose of the reaction is to destroy
such tertiary structure). Similarly, the mild condijtions needed to effect the reaciion of an aldehyde moiety on an
amino acid, which has been incorporated into 2 polypeptide and deproiec:ed thh an aromatic amine-containing
reagent generally do not irreversibly destroy the tertiary structure of the polypeptnde {excepting, of course, where the
purpose of the reaction is to destroy such te(tzary structure). Fourth, the reaction occurs rapidly at room temperature,
which allows the use of many types of polypeptides or reagents that would otherwise be unstable at higher
temperatures. Fifth, the reaction occurs readily 'is aqueous conditions, again allowing use of polypeptides and
reagents incompatible (to any extent) with non-aqueons solutions, Six, the reaction occurs readily even when the
ratio of polypeptide or amino ac1d to reagent is stoichiometric, stoichiometric-like, or near-stoichiometric, so that it
is unnecessary to add excess reaoen: or polypeptide to obtain a useful amount of reaction product. Seventh, the
resnlting amine can be produced regioselectively and/or regiospecifically, depending upon the design of the amine
and carbonyl-portions of the reactants, Finally, the reductive alkylation of aromatic amines with aldehyde~containing
reagents, and the. reductive amination of aldehydes with aromatic amine containing reagents, generates amine,
including secondary and tertiary amine, linkages which are stable under biological conditions.

[0454] By way of example only, the following non-natursl amino acids may be reductively alkylated with
aldehyde-containing reagents described hercin,

sO ANENRE

R'\N Ra
HReg

@ GV

wheréin:
M

|
T
H’"u% B
aryl ring, a monocyclic heteroaryl ring, a bicyclic heteroaryl ring, and 2 multicyelic heteroaryl ring;
A is independently CR, or N;
B is independently CR,, N, O, or §;
each R, is independently selected from the group consisting of H, halogen, alkyl, -NO;, ~CN, substituted alky], -

NR),, -CORR?, ~C(OYN(R?)2,~OR’, and -S{O)R’, where k is 1,2, or3;and nis 0, 1,2, 3, 4, 5, or 6;
Ry is H, an amino protecting group, resin,"amino acid, polypeptide, or polynucleotide; and

is selected from the group consisting of a menocyclic aryl ring, a bicyclic ary! ring, a multicyclic
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Ry is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucledtide;

each of R; and Ry is independently H, halogen, Jower aikyl, or substitnted lower alkyl, or R; and Ry or two R, groups
optionally form a cycloalkyl or a heterocycloalkyl; )

M is H-or —CH,Rs, or the M-N-C(Rs) moicty taay forma 4 to 7 membered ring structure;

Rs is alkyl, substituted alkyl, alkeny); substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substitoted alkoxy,
afkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide, cycloalkyl, substituted
cycloalkyl, an;l, substituted ary}, heteroaryl, substituted heteroaryl, heteroeycle, substituted heterocycle, alkaryl,
substituted atkaryl, aralkyl, substituted aralkyl, -C(O)R”, -C(C;)OR”, ~C{OYN(R™),, -C(O)NHCH(R”)2, -
(alkylene or substituted alkylene)-N(R");, -(alkenylene or 'substituged alkenylene)-N(R");, -(alkylene or
substituted atkylene)-(aryl or substituted aryl), -(alkenylene or substituted alkenylene)-{aryl or substituted aryl),.
~(alkylene or substituted alkylene)-ON(R”),, ~(alkylene or substitated alkylene)—C(O)SR” -(alkylene or
substituted alkyleéne)-S-S-(ary! or substituted aryl), wherein each R” is mdependently hydrogen, alkyl
substituted alkyl alkeny}, substituted alkenyl, atkoxy, substituted alkoxy, ary}, substituted aryl, heteroaryl,
substxtuted hetcroaryl heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted

« aralkyl, or -C(QO)OR’; .

or Rs is L-X, where, X is a selected from the group consisting of a labei; a dye; a polymer; a water-soluble polymer;
a derivative of polycthylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; a
photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a
DNA; 2 RNA; an antisense po}ynucleoiide; a saccharide, a water-soluble dendrimer, a cyclodextrin, a
biomaterial; a nanoparticle; a spin label; a fluorophore, a metal-containing moiety; a radioactive moiety; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; a photocaged moiety;
an actinic radiation excitable moiety; a ligand; a photoisomerizable moiety; biotin; a biotin analogue; a mofety
incorporating a heavy atom; a chemically cleavable group; a photocleavable group; an elongated side chain; a

_carbon-linked sugar; a redox-active agent; an amino thioacid; a toxic moiety; an isotopically labeled moiety; 2
biophysical probe; a phosphorescent group; a chemiluminescent group; an.electran dense group; a magnetic
group; an intercalating group; a chromophare; an energy transfer agent; a biologically active agent; a detectable
label; 2 small molecule; an inhibitory ribonucleic acid; a radionucleotide; a nentron-capture agent; a derivative
of biotin; quanturn dot(s); 2 nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a guide
RNA, a saponin, a shuttle vector, a macrormolecule, a mimotope, a receptor, a reverse micelle, and any
combination thereof; and L is optional, and when present is a linker selfected from the group consisting of .
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)-, -
(alkylene or substituted alkylene)-O-, -C(Q)~, -C(O)~(alkylene or substituted alkylene)-, -(alkylens or
substituted alkylene)-C(O)~, -C(OIN(R)-, ~C(O)N(R’)-(alkylene or substituted alkylene)-, ~(atkylene or
substituted alkylens)-C{OYN(R"), -OC(O)N(R")-, ~OC(O)N(R")-(alkylene or substituted alkylene)-, -(alkylene
or substituted alkylene)-OC(OIN(R"}-, “N(R)C(0)-, -NR'C(0)-(alkylene or substituted alkylene)-, ~(alkylene
or substituted alkylene)-NR*C(0O)-, -S-, -S-{alkylene or substituted alkylene)-, -S(O),- where kis 1,2, or 3, -
3(O)i(alkylene or substituted alkylene}-, ~-C(8)-, -C(S}-(alkylene or substituted alkylene)-, -CSN(R’})~,
-CSN(R")-(alkylene or substituted alkylene)-, -N({R*)CO-(alkylene ar substituted alkylene)-, -N(R*)C(O)O-, ~
(alkylene or substituted alkylene)-O-N=CR’-, -(alkylene or substituted alkylene)-C(OYNR>-(alkylene or
substituted alkylene)-, -(alkylene or substituted aikylene)-S(O)-( alkylene or substituted atkylene)-S-, -
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(alkylene or substituted alkylene)-8-5-, -S(O)N(R”)-, -N(R")C(OIN(R")-, “N(R)IC(S)NR"}-,
N(RISOUNR")~ -NR)-N=, -CR*)=N-, -C(R)=N-N(R")-, -CR")=N-N=, -C(R"),-N=N-, and
C(R)-N(R)-NR )5
or Rs and any R, optionally form a cycloalkyl or a heterocycloalkyl; and
5  each R®isindependently H, alkyl, or substituted alkyl.
Such non-natural amino acids include, but are not limited to, the amino acids with the following structures:

.

. Rﬂ /A'\A‘ B—A' \A' QA B
R il ‘R A T
3 N ,A' 3 \ ‘Rx S ‘:
Ry LA Ry R; A
Ry Ra R~ R2 R|\ Ry Ry
N
i . H R4 N &
A o o o an (4318) o av)
A=A
By A
R A
R K
RI\E R‘ R2
o (V), wherein, each A’ is independently selected from CR,, N, o C—NH, and up to
M .

|
twa A’ may be C—NH with the remaining A*selected from CR,, or N.
10  Inaddition, such non-natural amino acids include, but are not limited to, the amino acids with the following

structures:
. "
Ra
.. Ra NH,
Ra
, o+ Ry Ra
Ra .
Rl\ﬂ Ra2
Ry . . -
o (VD) ard (VII) wherein; G is an amine protecting

group, including, but not limited ta,

occu,,.r" onZ &5 .s*’"o .
fﬁrv Y e YVQM,

?

'

5 .

®) 0 ©

wherein:
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<R.),.}r"?l’gvﬂs
&‘1"- is selected from the group consisting of a monocyelic aryl ring, a bicyclic aryl ring, a
) mul:;cychc aryl ring, a monocyclic heteroaryl ring, a bicyclic heteroaryl ring, and a multicyclic heteroaryl ring;
A is independently CR,, or Nj;
B is independently CR;, N, O, or S;
5 each R, is independently selected from the group consisting qf H, halogen, alkyl, -NO,, -CN, substituted atkyl, -
N(R)z, -C(O)R’, ~C(OIN(R), -OR?, and -S{O).R’, wherek is 1,2, 0r3;andn is0,1,2,3,4, S, or 6;
R, is H, an amine protecting group, resin, amino acid, polypeptide, or polynucleotide; and
R, is OH, an ester protecting group, resin, amino atid, polypeptide, or polynucleotide;
each of Ry and Ry is independently H, halogen, lower alkyl, or substituted fower alkyl, or Ry and R, or two R; groups

10 optionally farm a cycloalkyl or a heterocycloatkyl;

M is H or —CH;R;; or the M-N-C(Rs) moiety may form a 4 to 7 membered ting structure;

Rs is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkyny], alkoxy, substituted alkoxy,
alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyaikylene oxide, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl,'

15 substituted alkaryl, aralkyl, substituted aralkyl, -C(O)R”, -C(O)OR?, -C(O)N(R™);, -C(OINHCH(R™), -
(alkylene or substituted alkylene)-N(R™),, -(alkenylene or substituted alkenylene)-N(R™),, -(atkylene or
substituted alkylene)-(aryl or substituted aryl), «(alkenylene or substituted alkenylene)-(ary] or substituted aryl),
~(alkylene or substituted alkylene)-ON(R”),, ~(alkylene or substituted atkylene)-C{O)SR™, -(alkylene or
substituted afkylene)-S-S-(ary! or substituted aryl), wherein each R is independently hydrogen, alkyl,

20 substituted alkyl, alkeny), substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted
aralkyl, or-C(O)OR’;

or Rs is L-X, where, X is a selected frogn the group consisting of a 1abel; a dye; a polymer; a water-soluble polymer;
a derfvative of polyethylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; 2
15 photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
. antibody or antibody fragment; 2 metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a
DNA; a RNA; an antisense polynucleotide; a saccharide, a water-solubie dendrimer, a cyclodextrin, a
biomaterial; a nanoparticle; a spin label; a fluorophore, a metal-containing moiety; a radioactive moiety; a novel
functional group; a group that covalently or noncavalently interacts with other molecules; a2 photocaged moiety;
0 an actinic radiation excitable moiety; a ligand; a photoisomerizable moiety; biotin; a biotin analogue; 2 moiety
incorporating a heavy atom; a chemically cleavable group; a photocleavable group; an elongated side chain; a
carbon-linked sugar; a redox-active agent; ar amino thioacid; a toxic moiety; an isotopically labeled moiety; a
biophysical probe; a phosphorescent group; a chemiluminescent group; an electron dense group; a magnetic
group; an intercalating group; a chromaophore; an energy transfer agent; a biologically active agent; a detectable
5 label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum doi(s); a nanotransmitter; 2 radiotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a guide
RNA, 2 sapor}in, a shuttle vector, a macromolecule, a2 mimotope, a receptor, a reverse micelle, and any
combination thereof; and L is optional, and when present is a linker selected from the group consisting of
0 alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)~, -
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(alkylene or substituted alkylene)-O-~, -C(0)-, -C(0)-(alkylene or substituted alkylene)-, -(alkylene or
substituted alkylene)-C(O)-, -C(O)N(R*)-, “C(OIN(R")-(alkylene or substituted alkylene)-, -{alkylene or
substituted aikylenc)-C(O)T:I(R’), -OC({O)N(R")~, ~OC(O)N(R’)-(alkylene or substituted alkylene)-, -(alkylene
or substituted atkylene}-OC{O)N(R’)-, -N{R")C{O)-, -NR’C{O)-{alkylene or substituted alkylene)-, ~(alkylene
or substituted alkylene)-NR’C(O)-, -S-, -S-(alkylene or substituted alkylene)-, -S(0)- where kis 1,2, or 3, -
S(O){atkylene or substituted alkylene)-, -C(8}-, -C(8)-(alkylene or substituted alkylene)-, -CSN(R)-,
~CSN{R")-(atkylene or substituted alkylene)-, -N(R*)CO-(alkylene or substituted alkylene)-, -N(R”)C(0)0-, -
(alkylene or substituted alkylene)-O-N=CR’-, -{alkylene or substituted alkylene)-C(O)NR*-{alkylene or
substituted alkylene)-, -(alkylene or substituted alkylene)-S(O)x alkylens or substituted zlkylene)-S-, -
(alkylene or substituted alkylene)-S-~8-, -S(O)N(R}-, “N(R*)C{OIN(R’)-, -N{RIC(SIN(R")-,
“N(R*)S(O)MN(R ), -N(R")-N=, ~C(R*)=N-, ~C(R")=N-N(R}-, -C(R")=N-N=, -C(R’];-N=‘N- and
-C(R")-NR”)-NR)~

or Ry and any R, optionally form a cycloalky or a heterocycloalkyl; and

each R’ f5 independently H, alky), or substituted alkyl.

Such non-natural amino acids include, but are not limited to, the amino acids with the following structures:

2 B-A' w .
R: ' Rs W ,A' T
R3 \ A Raﬁ,

R Ra RI\
i

Ry
o] [e.49))] o X1 (X1V)
- A'
A B W
A/ B ”»
R; . I :A. RJ :s\_ A
Ry w ) Ry A
R Rz Ry~ R,
B r H ) .
. o XV o (X V1), wherein, each A’ is independently
o
- gelected from CR,, N, or C"‘N\/R‘, and up o two A’ may be C=Nai RS \yith the remaining A’ selected
from CR,, or N. »

Such reductive alkylation reactions post-translationally modify aromatic amine-containing non-naturat amino acid
polypeptides into non-natural amino acid polypeptides which contain mono-alkylated or di-alkylated aromatic
amine-containing non-natural amino acids.
[0455] The types of polypeptides that comprise such aromatic amine-containing non-natural amino acids is
practically unlimited as long as the aromatic amine-containing non-natura! amino acid is Jotated on the polypeptide
50 that the aldehyde-containing reagent can react with the aromatic amine group and not create a resulting modified
non-natural amino acid that destroys the tertiary structure of the polypeptide (excepting, of course, if such
destruction is the purpose of the reaction).
j0456] By way of example only, the carbonyl-containing reagents that are reactive with the aromatic amine-
containing non-natoral amino acids described herein, and which can also be used to further modify aromatic amine-
containing non-natural amino acid polypeptides, include aldehyde-containing compounds with the following
O

structure, RS B
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wherein;
Rg is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, atkoxy, substituted alkoxy,

alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene oxide, cycloalkyl, substituted
cycloalkyl, aryl, substituted ary), heteroary), substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl,
substituted atkaryl, aralkyl, substituted aralkyl, ~C(O)R”, ~C(Q)OR?, ~C(QIN(R"),, -C{OYNHCHR");, ~
(alkylene or-substituted alkylene)-N(R"), -(alkenylene or substituted alkenylene)-N(R™),, -(alkylene or
substituted alkylene)-(aryl or substituted aryl), -(alkenylene or substituted alkenylene)-(aryl or substituted aryl),
~(alkylene or substituted alkylenc)}-ON(R™),, -(alkylene or substimted alkylene)-C{O)SR", ~(alkylene or
substituted alkylene)-S-S-(aryl or substituted aryl), wherein ench R” is independently hydregen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl, substituted alkary), aralkyl, substiiuted
aralkyl, or -C(O)OR?; '

or Ry is L-X, where, X is a sclected from the group consisting of a Jabel; a dye; a polymer; a water-soluble polymer;

-

a derivative of polysthylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; a
photoafiinity label; a reactive compound; a resin; 2 second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a
DNA; a RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a cyclodextrin, a
biomaterial; 2 nanopacticle; s spin label; a fluorophore, 2 metal-containing moiety; a radioactive moiety; a novel
filnctional group; a group that covalently or noncovalently interacts with other molecules; a photacaged moiety;
an actinic radiation excitable moiety; a ligand; a photoisomerizable moiety; biotin; 2 biotin analoguc; a moicty
incorporating a heavy atom; a chemically cleavable group; a photocleavakle group; an elongated side chain; a
carbon-linked sugar; a redox-active agent; an amino thieacid; a toxic moiety; an isctopically labeled mojety; a
biophysical probe; a phosphorescent group; a chemiluminescent group; an electron dense group; a magnetic
group; an intercalating group; a chromophore an energy tmnsfcr agent; a biologicilly active agent; a detectable
label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum dot(s); a nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an anuox:dant, an aptamer, a guide
RNA, a saportin, a shuttle vector, a macromolecule, a m:motopc, a receptor, a reverse micelle, and any
combination thereof; and L is optional, and when present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)-, -
{atkylene or substituted atkylene}-Q-, -C(Q)-, -C(O)~(alkylene or substituted alkylene)-, :(afkyléne ar’
substituted alkylene)-C(0)-, -C(ON(R")-, ~-C(O)N(R")-(alkylene or substituted alkylene)-, -(alkylene or
substitnted alkylene)-C(OYN(R?), -OC(O)N(R’)~, -OC(O)N(R’)-(alkylene or substituted alkylene)-, -(alkylene
or substituted alkylene)-OC(OMIN(R -, “N(R’)C(O)-, NR'C(O)-(atkylene or substituted alkylens)-, ~(alkylene
ar substituted alkylene)-NR*C(0O)-, -8, -S-(alkylene or substituted alkylene)-, -S(0)~ where kis 1,2, or 3, -
S(O)(alkylene or substituted alkylene)-, -C(8)-, -C(S)-(alkylene or substituted alkylene)-, -CSN(R")-,
-CSN(R*)-(alkylene or substituted alkylene)-, -N(R*)CO-(alkylene or substituted alkylene)-, -N(RHC(D)O-, ~
(alkylene or substituted alkylene)-O-N=CR’-, -(alkylene or substituted alkylene)-C(Q)NR -(alkylene or
substituted alkylene)-, -(alkylene or substituted alkylene)-S(O),-( alkylene or substituted alkylene)-S-, ~
{alkylene or substituted alkylene)-S-8-, -S(ORN(R?)-, -N(R")C(O)N(R")-, NR)C(SIN(R)-,
NRSOUNR)-, -N(R*)-N=, -CR"}=N-, -C(R)=N-N(R")-, -C(R")=N-N=, -C(R),-N=N-, and
~C(R*)N(R’)-N(R")-; cach R? is independently H, alkyl, or substituted alkyl,
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{0457] In addition, by way of example only, the carbanyl-containing reagents that are reactive with the

- aromatic amine-containing non-natural amino acids described herein and which can be used to further modify

aromatic amine-containing non-natural amine acid polypeptides, are dicarbonyl-containing compounds, including

I
diketones, ketoaldehydes and dialdehydes, with the following structures, R Ry Ri o
PN
Ry (CRIRI)a/Ile, )

wherein; .

each R, is independently selected from H, optionally substituted atkyl, optionally substituted alkene, optijonally
substituted alkyne, optionally su bstituted cycloalkyl, optionally substituted heterncycle, optionally substituted
aryl, or aptiomlly substituted heteroaryl;

Rs is alkylene, substituted alkylene, alkenylene, substituted alkenylene, atkynylene, substituted atkynylene,
polyatkylene oxide, substituted polyalkylene oxide, cycloalkylene, substituted cycloalkylene, arylene,
substituted arylene, heteroarylene, substituted heteroarylene, heterocycloalkylene, substituted
heterocycloalkylene, ~C(O)R” -, ~C(O)JOR?-, -C(O)N(R™)-, (alkylene or substituted alkylene)-N(R") --, -
(alkenylene or substituted alkenylene)-N(R")-, -(alkylene or substituted alkylene)-ON(R™)-, ~(alkylene or
substituted alkylene)-C(O)SR™-, wherein each R7 is independently hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkeny), alkoxy, substituted alkoxy, substituted alkylene, alkenylene, substituted alkenylene,
alkynylene, substituted alkynylene, aryl, substituted aryl, heteroaryt, substituted heteroaryl, heterocycle,
substituted heterocycle, alkaryl, substitated alkaryl, aralkyl, or substituted aralkyl; .

or R is L-X, where, X is a selected from the group consisting of a label; a dye; a polymer; a water-soluble polymer;
a derivative of polyethylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; 2
photoaffinity Jabel; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a rmetal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a
DNA; 2 RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a cyciodextrin, a
bijomaterial; a nanoparticle; a spin label; a fiucrophore, a metal-containing moiety; a radioactive moiety; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; a photacaged moiety;
an actinic radiation excitable moiety; a ligand; a photoisomerizable moiety; biotin; 2 biotin analogue; a moiety
incorporating a heavy atom; a chemically cleavable group; a photocleavable group; an elongated side chain; a
carbon-linked sugar; a redox-active agent; an amino thioacid; a toxic moiety; an isotopically Jabeled moiety; a
bioPhysi‘cai probe; a phosphorescent group; a chemiluminescent group; an electron dense group; a magnetic
group; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; a detectable
label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum dot(s); a nanotransmitter; a radjotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, ‘an aptamer, a guide
RNA, a saponin, a shuttle vecior, 2 macromolecule, a mimotope, a receplor, a reverse micelle, and any
combination thereof} and L is optional, and when present is a linker selected from the group cousisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, ~O-~(alkylene or substituted alkylene)-, -
(alkylene or substituted alkylene)-O-, ~C(0)-, -C(0)-(alkylene or substituted alkylene)-, -(alkylene or
substituted atkylene)-C(Q)-, ~-C(OIN(R’}-, ~C(OIN(R*)-(alkylene or substituted alkylens)-, -(alkylene or
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substituted alkylene)-C{OYN(R™), -OC{OMN(R")-, -OC(OIN(R*)-{alkylene or substituted alkylene)-, -(alkylene
or substituted alkylene)-OC(OIN(R ")~ ~N(R*)C(O}-, -NR’C(0)-(alkylene or substituted alkylene)-, -(alkyiene
or substituted alkylene)-NR'C(Q)-, -5-, -S-(alkylene or substituted alkylene)-, -S{O),- where kis 1,2, 0or 3, ~
S(O)(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(alkylene or substituted alkylene)-, -CSN(R")-, -
-CSN(R’}~(alkylene or substituted alkylene)-, -N(R*)CO-(z2lkylene or substituted alkylene)-, -N®R*)C(0)O-, -
(alkylens or substituted alkylene)-O-N=CR’-, -{alkylene or substituted alkylene)-C(O)NR-(alkylene or
substituted alkylene)-, ~(alkylene or substituted alkylene)-S(O)-( alkylene or substituted alkylene)-S-, -
(zlkylene or substituted alkylene)-S-S-, -S(O),J@(R’)-, NRYCOINR")-, ~NRIC(S)N(R ),
“N(R)S(O)N(R")-, “N(R)-N=, -C(R)=N~, ~C{R’}=N-N(R"}-, ~CR")=N-N=, -C(R")N=N-, and
=C(R")2"N(R")-N(R’)-; each R is independently H, alkyl, or substituted aikyl; n is 1, 2, or 3.
[0458) The types of carbonyl-containing reagents which can react with aromatic amine-containing non-natural
amino acids is practically unlimited as long as the aromatic amine-containing non-natural amino acid s located on
the polypeptide so that the carbonyl -containing reagent can react with the aromatic amine group and not create a
resulting modified non-natural amino acid that destroys the tertiary structure of the polypeptide (excepting, of
course, i such destruction is the purpose of the 'reaction). Such carbonyl-containing reagents include, but are not
limited to, reagents containing at least one aldehyde moisty and reagents containing at least two aldehyde moieties.
(0459} Additionaily, the reaction between an aldehyde moil;ty and an aromatic amine moijety is facile and such
reductive alkylation reactions have at Jeast one of the following characteristics: (i) occurs in a pH range of about 4 to
about 7,ii) gencrates an amine linkage which is stable under biological conditions; (iii) is site-specific; (iv} does not
irreversibly destroy the tertiary structure of a polypeptide; (v) ocours rapidly at room temperature; (vi) occurs readily
is aqueous conditions; (vii) occurs readily when the ratio of the non-natural amino acid comprising the aromatic
amine moiety to the aldehyde-containing reactant is stoichiometric, stoichiometric-like or near stoichiomenic; and
{viii) is regioselective and/or regiospecific. The arthogonal nature of the reductive alkylation reactions results in the
regioselectivity and/or regiospecificity, thereby allowing for site specific post-transiational modification of non-

natural amino acid polypeptides without affecting other amino acids in polypeptide containing the.non-natural

amijne acid(s)-
{0460} Illustrative embodiments of methods for reductively alkylating an aromatic amine-containing nen-

"patural amino acid in a polypeptide are presented in FIGS 20~ 34, Certain embodiments, include a single reductive

alkylation of an aromatic amine-containing non-natural amino acid on a polypeptide with a carbonyl-containing

- reagent, including an aldehyde-containing reagent, producing a secondary amine moiety, whereas other
embodiments include two' reductive alkylations of an aromatic amine-contzining non-natural amino acid on a

polypeptide with a carbonyl-containing reagent, including an aldehyde-cantaining reagent, producing a tertiary
amine moiety. Additionally, certain embodiments include a single reductive alkylation of an aromatic amine-
contaifing non-natural amino acid on a polypeptide with a reagent containing at least two carbonyl groups, thereby
producing 2 secondary amine moiety, Still other embodiments include double reductive alkylations of an aromatic
amine-containing non-natusal amino acid on a polypeptide with a reagent containing at least two carbonyl groups,
thereby producing a tertiary amine moiety. In these illustrative embodiments, an aldehyde-containing reagent is
added to a buffered solution (pB of about 4 to about 7) of an aromatic amine-containing non-natural amino acid
polypeptide and a reducing agent such as, by way of example only, sodium cyanoborohydride. The reaction
proceeds at ambient temperature, and the resulting alkylated aromatic amine-containing non-natuwral amino acid
polypeptide may be purified by HPL.C, FPLC or size-exclusion chromatography.
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104613 In other embodiments, multiple tinker chemistries can react site-specifically with an aromatic amine-
containing non-natural amino acid polypeptide. In one embodiment, the linker methods described herein utilize
linkers containing the carbonyl functionality, including an aldehyde functionality, on at least one linker termini
{mono, bi- or multi-fanctional). The reductive alkylation of an sromatic amine-containing polypeptide with an
aldehyde-derivatized linker generates a stable amine linkage. Bi- and/or muiti-functional linkers, also known as
heterofinctional linkers (e.g., carbonyl, including an aldehyde, with one, or more, other'link%ng chemistries) allow
the site-specific connection of different molecules {e.g., other polypeptides, polynucteic acids, polymers or small
molecules) to the non-natural amino acid polypeptide, while mono-functional linkers, also known as homofunctional
linkers (carbonyl-substituted, including aldehyde substituted, on all termini) facilitate the site-specific dimer- or
oligomerization of the aromatic amine non-natural amino acid polypeptide, By combining this linker strategy with
the in vivo translation technology described herein, it becomes possible to specify the three-dimensional structures
of chemically-elaborated proteins. )
B. Methads for Post- Trar:;‘lationala: Modifying Non-Natural Amino Acid Polypeptides using Two
Post-Translational Modification Steps: Formation of Aromutic Anine-Containing Non-Natural Amino
Acids Followed by Reductive Alkylation Reactions of Aromatic Amine-Containing Non-Natural Amino
Acids witl Carbonyl-Comaining Reagents .
10462) Aromatic amine-contalting amino acids can be iranslationally i;xcorpomted into polypeptides prior o
reductive atkylation with carbonyl-containing reagents, including‘ aldehyde-containing reagents, Alternatively,
precursors of ayomatic amine-containing amino acids, such s amino acids containing substituted aromatic moieties,
can be translationally incorperated into polypeptides and subsequently fransformed into aromatic amine-containing
amino acids prior to reductive alkylation with carbonyl-containing reagents. The latter method involves two post-
translational modifications, whereas the former involves only a single post-translational madification. ‘The.methods
for derivatizing and/or further modifying may be conducted with natusally generated polypeptides or chemically
synthesized polypeptides which may be purified prior to, or after, these modification methods. In addition, the
methods for derivatizing and/or further modifying way be conducted with on synthetic polymers, polysaccharides,
or pelynucieotides which may be purified prior to, or after, these modification methods.
|0463) By way of exam.p.le bhly, the following non-natural emino acids can be reduced to generate aromatic

amine-containing amino acids,

femie k=

" Rade AN
R

Ry B
Ry~ Ry
N .
H Ry 0 ®
whgrcin:
e
o~-B \ ' . . . . S
%f"- * - isselected from the group consisting of a monocyclic aryl ring, a bieyclic aryl ring, 2 multcyclic

. aryl ring, 2 monocyclic heteroaryl ring, a bicyclic heteroaryl ring, and a multicyclic heteroaryl ring; ,
A is independently CR,, or N;
B is independently CR,, N, O, or §;
each R, is independently selected from the group consisting of H, halogen, alkyl, -NO,, -CN, substituted alkyl, ~
N(R*);, “COWR’; -COIN(R)z; -OR’, and -S(Q),R’, where kis 1,2, or 3;ard nis.0, 1,2,3,4, 5,01 6;
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R, is H, an amino protecting group, ¥esin, amino acid, polypeptide, or polynucleotide; and

R; is OH, an ester protecting group, resin, amino acid, polypeptide, or‘polynucleotide;

each of R3 and R, is independently H, halogen, lower alky‘l, or substituted Jower alkyl, or R; and R, or two Rg groups
optionally form a cycloalky! or 3 heterocycloatkyl;

Y is -NH-NH,, -NH-NHR.?, -CR*=NR’, -NO;, or -N,, and

each R’ is independently H, alkyl, or substituted alkyl.

Such non-natural amino acids include, but are not limited to, the amino acids with the following structure:

Ra ' <. Y
. Ra Y Ra Ra Ra Rs
R, Rs Ry '
Ry Ra Ry Ra Ry Y
Ra Ra < Ra
Ry~ Ra Ryse Ry Risyy Rz
E Ra \H Ry H Ry
°  m S S
Ra Y
. R;
Ry Ra
Ra
RI\E Ry ’
Re .
o XD.

[0464] Illustrative embodiments for reductively generating an aromatic amine-containing’ non-natural .amino
acid on” a natural pelypeptide, synthetic polymer, polysaccharide, polynucleotide or chemically synthesized

~ Polypéptide are presented in FIGS. 14 and 15. Certain embodiments include reduction of imine substituents into

aromatic primary amine-containing non-natural amine acids, imine substituents info aromatic secondary amine-
containing non-natural amino acids, reduction of hydrazine amine substituents into aromatic primary amine-
contaiping' non-natural amino acids, reduction of hydrazine amine substituents into aromatic secondary amine~
containing non-natural amino acids, reduction of nitro~ substituents into aromatic primary amine-containing non-
natural amino acids, and reduction of azido- substituents into aromatic primary amine-containing non-natural amino
acids. To these illustrative embodiments, substituted aromatic moicties are reduced in a buffered solution (pH of
about 4 to about 7), and the reducing agents used includes, but is not limited to, TCEP, Na;S, Na;5;04, LiAIH,,

" B,H,, NaBH, or WaBCNHa, The reaction proceeds at ambient temperature and the resulting aromatic amine-

containing non-natural amino acid natural polypeptide, synthetic polymer, polysaccharide, polynucleotide or
chemically synthesized polypepiide may be purified by HPLC, FPLC or size-exclusion chromatography.

[0465)-  Reductive alkylation of such aromatic amine-containing amino acid generated from the reduction of
substituted aromatic moiety-containing amino aclds is as described in section A: Methods for Pest-Translationaily
Modifyring Non-Natural -Amino Acid Polypeptides using a Single Post-Translational Modification S!ep.: E.e;!uétive
Alkylation Reactions of Aromatic Amine-Containing Non-Natural Amino Aeids with Aldehyde-Containing Reagents.
Illustrative embodiments of reductive alkylation of aromatic amine-~containing amino acid generated by reductions
of a protected (or masked) amine is presented in FIGS 15 and 34. The reductive alkylation step follows the first
post-transiationa] step which reductively generates aromatic hminc—containing non-natwral amino acids on

) polypeptides The reductive alkylations aré the second post-translationally reactions which thereby modify aromatic

amine-containing non-natural amino acid polypeptides into non-natural amino acid polypeptides with a.lkylatcd
aromatic amine-containing non-natural amino acids. Such post-translational madifications or post mcorporatxon

.
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modifications may also be applied to aromatic amine containing amino acids incorporated into on synthetic
polymers, polysaccharides, polynucleotides or chemically synthesized polypeptides.

j0466} The types of ]Soiypeptides that comprise such aromatic amine-containing non-natural amino acids is
practically unlimited as long as the aromatic amine-containing non-natural amino acid is located on the polypeptide
so that the carbornyl-containing reagent, including aldehyde-containing reagents, can react with the aromatic amine
group and not create a.resulting modified non-natural amino ecid that destroys the tertiary structure of the
polypeptide (excepting, of conrse, if such destruction is the purpose of the reaction).

| [0467] By way of example only, the aldehyde-containing reagents that are reactive with the aromatic amine-

contdining non-natural amino acids described herein, and can alse be used to further modify aromatic amine-
o]

containing non-natural amino acid polypeptides are compounds with the following structure, R 'H
wherein;

'Ry is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,

alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene axide, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocycle, substituted heterocyf:le, aiﬁaryl,
substituted alkary], aratkyl, substituted aralkyl, ~C{O)R”, ~C{O)OR”, <C{OM(R*),, ~-C{OWHCH{R)z, ~
(alkylene or substituted alkylene)-N(R")s, -(alkenjlene or substituted atkenylene)-N(R™);, ~(alkylene or
substituted alkylene)-(aryl or substituted aryl), -(alkenylene or substituted alkenylene)-(aryl or substituted asyl),
-(alkylene or substituted alkylene)-ON(R™),, ~(alkylene or substituted alkylene)-C(O)SR”, ~(alkylene or
substituted alkylene)-S-S-(aryl or substituted aryl), wherein each R” is independently hydrogen, alkyl,
substituted alkyl, afkenyl, substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl,
sitbstituted heteroaryl, heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted
aratkyl, or -C{O)OR’;

or Ry is L-X, where, X is a selected from the group consisting of a label; a dye; a polymer; a water-soluble polymer;
a derivative of polyethyl ene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity label; a
photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chclatox:; a eofactar; a fatty acid; a carbohydrate; a polynucicotide; 2
DNA; a RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a cyclodextrin, a
t;iomaterial; a nanoparticle; a spin label; 2 fluorophore, 2 metal-containing mofjety; a radioactive moiety; a nm.;el
functional group; a group that covalently or noncovalently interacts with other molecules; a photocaged moiety;
an actinic radiation excitable moiety; a ligand; 2 photoisomerizable moiety; biotin; a biotin analogue; a moiety
incorporating a heavy atom; a chemically cleavable group; a photocleavable group; an elongated side chain; a
cdrbon-linked sugar; 2 redox-active agent; an amino thioacid; a toxic moiety; an isotopically labeled moiety; a
biophysical prabe; a phosphorescent gronp; a chemiluminescent group; an electron dense group; a magnetic
group; an intercalating group; a chromophore; an energy transfer agent; a biclogically active agent; a detectable
label; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum dot(s); a nanohar_lsmitter; aradiotransmitter; an abzyme, an activated complex m':tivator, a
virus, an adjuvant, an agiycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a guide
RN A, a saponin, a shuttle vector, a macromolecule, a mimotope, a receptor, a reverse micelle, and any '
combination thereof; and L is optional, and when present is 2 linker selected from the group consisting of

. alkylene, substituted :‘aikylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)-, -

(alkylene or substituted alkylene)-O-, -C(O)-, ~C{O)-(alkylene or substituted ajkylene)-, -(alkylens or

138



10

15

substituted alkylene)-C(0)-, ~C(O)N(R}-, ~C(O)N(R")-(alkylene or substituted alkylene}-, -(alkylene or
substituted alkylene)-C(OIN(R?), ~OC(O)N(R*)-, -OC(O)N(R")-(alkylene or substituted alkylene)-,.-(alkylene
or substituted alky]ene)-OC(O)N(R’)y “NR*)C(O)-, -NR*C(O)-(alkylene or substituted slkylene)-, -(alkylene
or substituted alkylene)-NR’C(O)-, ~S-, -S-(alkylene or substituted alkylene)-, -S(O)y- where k is 1,2, or 3, -
S(O)(alkylene or substituted alkylene)-, -C(8)-, -C(S)-(alkylene or substituted alkylene)-, -CSN(R*)«,
~CSN(R")-{alkylene or substituted alkylene), -N(R*YCO-(alkylene or substituted alkylene)-, N{RHYC{O)O-, -
(alkylene or substituted aikylene)-O-N=CR’, -(alkylene or substituted alkylene)-C(O)NR’-(alk);Icne or
substituted alkylene)-, {alkylene or substituted atkylene)-S{Q)-( alkylene or substituted alkylene)-S-, -
(atkylene or substituted alkylene)-S-S-, -S(O)N(R*)-, -N{R*JC(OIN(R)~, ~N(R"IC(S)N(R’}-,
“N(R”)S(ORN(R)-, N(R’)-N=, -C(R*)=N-, ~C(R*)=N-N(R")-, -C(R’)=N-N=, -C(R*)-N=N-, and
~C(R*)2*N({R")-N(R’)-; each R’ is independently H, alkyl, or substituted alkyl,

[0468] In addition, by way of exampie only, the carbonyl-containing reagents that are reactive with the

aromatic amine-containing non-natural amine acids described herein and which can be used to further modify

aromatic amine-containing non-natural amino acid polypeptides, are dicarbonyl-containing compounds, including

| )o‘\ )CI’\ )
diketones, ketoa!dehydes and dialdehydes, with the following structures, Ri Rj Ry or
j\ I ;
R; (CR)R.)A Rl’
wherein;

gach R, is independently selected from H, optionally substituted alkyl, optionally substitited alkene, optionally
sibstituted alkyne, optionally substituted cycloalkyl, optionally substituted hetefgcycle, optionally substituted
aryl, or optionally substituted heteroaryl; .

Rs is alkylene, substituted alkylene, alkenylene, substituted alkenylchc, alkynylene, substituted alkynylene,
polyalkylene oxide, substituted polyalkylene oxide, cycloalkylene, substituted cycloalkylene, arylene,
substituted arylene, hetesoarylene, substituted heteroarylene, heterocyeloalkylene, substituted
heterocycloalkylene, -C{C)RY -, -C{O}OR"-, -C(OIN(R")-, ~(alkylene or substituted alkylene}NiR”) ——y =
(alkenylene or substituted alkenylene)-N(R™)-, ~(alkylene or substituted alkylene)-ON(R™)-, (alkylene or
substituted zlkylene)-C(O)SR"-, wherein each R” is independently hydrogen, alkyl, substi'tuted atkyl, alkenyl,
substituted alkenyl, alkoxy, substituted alkoxy, substituted atkylene, alkenylene, substituted alkenylene,
alkynylene, substituted alkynylene, aryl, substituted aryl, hetéroaryi, substituted heteroaryl, heterocycle,
substituted heterotycie, atkaryl, substituted atkaryl, aralicyl, or substituted aralkyly ™% - "7

or Rs is L-X, where, X is a selected from the group consisting of a label; 2 dye; a polymer; a water-soluble polymer;
a derivative of polyethylene giycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity labe}; a
photoaffinity label; a reactive compound; a resin; 2 second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; a polynucleotide; a
DNA; a2 RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a cyclodextrin, a
biomaterial; 2 nanoparticle; a spin label; a fluorophore, a metal-containing moiety; a radicactive moiety; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; a photocaged moisty;
an actinic radiation excitable moiety; a ligand; a photoisomerizable moiety; biotin; a biotin ana!oéue; 2 moiety
incorporating a heavy atom; a chemically cleavable group; a photocleavable group; an elongated side chainga
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biological conditions; (iii) Is site-specific; (iv) does not irreversibly destroy the tertiary structure of a polypeptide;

carbon-linked sugar; a redox-active agent; an amino thioacid; a toxic moiety; an isotopically labeled moiety; a
biophysical probe; 2 phosphorescent group; 2 chemiluminescent group; an electron dense group; 2 magnetic
group; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; a detectable -
Iabel; a small molecule; an inhibitory ribonucleie acid; a radionucleotide; 2 neutron-capture agent; a derivative
of biotin; quantum dot(s); a nanotransmitter; a radiotransmitter; an abzyme, an activated complcx activator, a
virus, an adjuvant, an aglycan, 2n allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a guide
RNA, a saponin, a shuttle vector, 2 macromolecule, & mimotope, a receptor, a reversejmicelle, and any
combination thereof; and L is optional, and when present is a linker selected from the group consisting of .
alkylene, substituted alkylene, alkenylene, substituted alkenylene, ~O-, -O-{alkylene or substituted alkylene)-, -
(alkylene or substituted alkylene)-O-, -C(0)-, -C(O)-(alkylene or substituted alkylene)-, ~(alkylene or
substituted alkylene)-C(O)-, ~-C(O)NR)-, -C(O)N(R')-(éikylene or substituted alkylene)-, -(alkylene or
substituted alkylene)-C{OYN(R), -OC(OIN(R?)-, -OC(O)N(R*)-(alkylene or substituted alkylene)-, -{alkylene
or substituted alkylene)-OC(OIN(R’)-, -NR)C(O)-, -NR’C(O)-(aIkylane or substituted aikylene)- ~(alkylene
or substituted alkylene)-NR*C(0O)-, -8-, -S-(alkylene or subsututed alkylene)-, ~S(O) where kis1,2,0r3,~

"S(O)(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(alkylene or substituted alkylene)-, ~-CSNR)-, : -t

~CSN(R’})-(alkylene or substituted alkylene)-, ~N(R’)CO-(alkylene or substituted alkylene)-, ~N(R*)C(O)O-, ~
(alkylene or substituted alkylene)-O-N=CR’-, ~(zikylene or substituted alkylene)-C{O)‘NR’-talkylene ar
substituted alkylene)-, -(alkylene or substituted alkylene)-S(Q),~( alkylene or substituted alkylene)-S-, ~
(alkcylene or substituted alkylene)-S-S-, ~S(O)N(R")-, “N(R"YC(OIN(R*)~, “N(R*)C(S)N(R")-,
SN(RDSOIN(RY-, N(RY)-N=, -CR")=N-, -C(RDI=N-N(R’}-, ~C(R)=N-N=, -C(R")-N=N-, and
-C(R*);-N(R’)-N(R")-; each R’ is independently H, alkyl, or substituted alkyl;nis 1,2, or 3.

{0469] The types of carbonyl-containing reagents which can react with aromatic amine-containing non-natural
amino acids is practically unlimited as long as the aromatic amine-containing non-natural amino acid is located on
the Qolypeptid‘e so that.the carbonyl-containing reagent, including aldehyde'—cbn'taiﬁing' ;t;égc.nts, can react with the
arormatic amine group and not create a resulting modified non-natural amino acid that destroys the tertiz}r_y structure
of the polypeptide (excepting, of course, if such destruction is the purpose of the reaction). Such carbonyl-containing
reagents include, but are not limited to, reagents containing at least one carbonyl moiety and/or reagents contau-nng

“ ey o= N

at Jeast two carbonyl mojeties.

10470} Additionafly, the reaction between an carbonyl moiety, by way of example only an aldehyde moiety, and
an aromatic amine moiety ts facile and such reductive alkylation reactions have at Jeast one of the following
characteristics: (i} occurs in a pi range of about 4 to about 7, (il) generates an amine linkage which Is stable under

(v) accurs rapidly at room temperature; (vi) occurs readily is aqueous conditions; (vii) occurs readily when the ratio
of the non-natural amino acid comprising the aromatic amine moiety to the aldehyde-containing reactant is

seq

stojchiometric, stoichiometric~like or necar stoichiometric; and (viii) is regioselective andfor regiospecific. The
orthogenal nature of the reductive alkylation reactions results in the regioselectivity and/or regiospecificity, thereby
allowing for site specific post-translational modification of non-natural amino acid polypeptides without affecting
other amino acids in the nor-natural amino acid polypeptide.

[0471] Certain embodiments, include a single reductive alkylation of the aromatic amine moiety with a
catbonyl-containing reagent producing a secondary amine moiety, whereas other embodiments include two
reductive alkylations of the aromatic amine moiety with two carbonyl-containing reagents producmg a tertiary
amine moiety. The carbonyl-containing reagents in this embodiment may be identical or different. Additionally,
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certain embodiments include 2 single reductive atkylation of the aromatic amine moiety wilh a reagent containing at
least two carbonyl groups, thereby producing a2 secondary zmine moijety. Still other embodiments include two
reductive ali:ylationS, also referred to as double reductive alkylation, of the aromatic amine moiety with a reagent
containing at least two carbonyl groups, thereby producing a cyclic, tertiary amine moiety. In these illusivative
embodiments, the carbonyl-containing reagent is added to a buﬁ"ere:d solution {pH of about 4 to about 7) of the
aromatic amine-containing non-natural amino acid on a natural polypeptide, synthetic polymer, polysaccharide,
polynucleotide or chemically synthesized polypeptide and a reducing agent such as, by way of example only,
NaBCNH;, TCEP, Na, S, NagS,04, LiAlH,, B;He, and NaBFH;. The reaction proceeds at ambient temperature and the
resulting alkylated aromatic amine-containing non-natural amino acid polypeptide maj be purified by HPLC, FPLC
or size-exclusion chromatography.
18472] In other embodiments, multiple linker chemistries can react site-specifically with an aromatic amine-
containing non-natural amino acid polypeptide. In one embodiment, the linker methods described herein utilize
linkérs containing the carbonyl functionality, including aldehyde functionality, on at least one linker termini (mone,
bi- or multi-functional), The reductive alkylation of a carbonyl-derivatized linker with an aromatic amine-containing
polypeptide generates 2 stable amine linkage, Bi~ and/or multi-fdnctional linkers, also known as heterofunctional
linkers (e.g., aldehyde with one, or more, other linking chemistries) allow the site-specific connection of different
molecules (e.8., other polypeptides, polynucleic acids, polymers or small molecules) to the non-natural amino acid
polypeptide, while mono-functional linkers, alse known as homofinctional linkers {e.g. aldehyde-substituted on ail
termini) facilitate the site-specific dimer- or oligomerization of the aromatic amine non-natural amino acid
polypeptide, By combining this Jinker strategy with the in vivo transiation technology described herein, it becomes
possible to specify the three-dimensional structures of chemically-elaborated polypeptides. .
C. Methods for Post-Translationally Modifying Non-Natural Amino Acid ‘Pob:peplides using a
Two Post-Transiational Modification Steps: Deprotection of Protected Aldehyde-Containing Non-
Natural Amino Acids Followed by Reduclive Amination of the Aldelhyde-Containing - Non-Natural
Amino Acids with Aromatic Amine-Containing Reagents
10473) The incorporation of non-natural amino acids with masked or protected eiecrx'ophiiic~?ontaining
sidechain, inte polypeptides allows for sjte-specific reductive amination of the sidechains. Such‘non-natural amino
acids include masked or protected carbonyl groups, such as, by way of example only, amino acids containing
masked aldehyde groups or protected aldehyde groups, and wherzin the site-specific reductive amination is
accomplished, upon unmasking or deprotection of the aldehyde, via nucleophilic addition of an aromatie amine to
the available aldehyde-containing sidechain. This reductive amination reaction generates an amine linkage,
including secondary and tertiary amines. The methods for derivatizing and/or further modifying may be conducted
with naturally generated polypeptides or chemically synthesized p.olypeptl’des which have been purified prior to the
reductive amination step or after the reductive amination step, In addition, the methods for dervatizing and/or
further modifying may be conducted with on synthetic polymers, polysaccharides, or polynucleotides which may be
purified prior to, or after, these modification methads,
[0474) By way of example only, the following non-natural amino acids are the type of masked/protected
aldehyde moiety-containing amino acids which may be incorporated into polypeptides, then unmasked/deprotected
prior ta reductively aminated the available aldehyde containing sidechain ta generate an amine linkage.
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wherein:

L is optional, and when present is lower alkylene, substituted lower alkylene, lower cycloal !cylene, substituted lower
cycloalkylene, lower alkenylene, substituted lower a1kenylenc; alkynylene, lower heteroalkylene, substituted
heteroalkylene, lower heterocycloalkylene, substituted lower heterocycloalkylene, arylene, substituted arylene,
heteroarylene, substituted heteroarylene, alkarylene, substituted alkarylene, aralkylene, or substituted .
aralkylene; :

Q is optional, and when present is a linker selected from the group consisting of Jower alkylene, substituted lower
alkylene, lower alkenylene, substituted lower alkenylene, lower heteroalkylene, substituted lower
heteroalkylene, -O-(alkylene or substituted alkylene)-, -S-{alkylene or substituted alkylene)-, where k is 1,2,0r
3, -8(0){alkylene or substituted alkyl;zn e)-: -C(O)-(alkylene or substituted alkylene)-, -C(S)-{alkylene or
substituted alkylene)-, -NR'~(alkylene or substituted alkylene)-, -CON(R)-(alkylene or substituted alkylene)-, -
~CSN(R")-(alkylene or substituted a.lky]ene:)-, -N(R’)CO-{alkylene or substituted alkylene)-, and where each R* -
is independently H, alkyl, or substituted alkyl; -

R; is H, an amino protecting group, resin, amino acid, polypeptide, or polynucleotide; and

R; is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;

each of Ry and Ry is independently H, halogen, lower alkyl, or substituted lower alkyl, or Ry and R, or two Ry groups
optionally form .acycloalkyl or a heterocycloalkyl;

each R, is independently selected from the group consisting of H, halogen, alkyl, -NO,, -CN, substituted alkyt, -

N(R)z, -C(O)R?,~C{OIN(R?)z, ~OR?, and ~S(O),R’, where k is 1, 2, or 3;
Ry is a protected aldehyde or a masked aldehyde, wherein the protecting group includes, but is not limited to,

RO OR, v/ N ‘12‘ %2 ;Or %"" ? , where each X, is independently

selected from the group consisting of ~O-, -8-, “N(H)-, -N(R)-, -N(Ac)-, and -N(OMe)-; X» is ~QR, -OAc, -5R,

~N(R)2, ~N(R)(Ac), -N(R){OMe), or N3, and where each R” and R is independently H, alkyl, or substituted alkyl.
Such non-natural amine acids may also be in the form of a salt, or may be incorporated into a non-natural

£

amino acid polypeptide, polymer, or a polynucleotide. Such non-natural amino acids may also be-
incorporated into a mon-natural 'amino acid polypeptide and then post-transjationally modified by
deprotecting to form an aldehyde group “in-situ® followed by reductive amination of thé aldehyde with an
aromatic amine containing reagent, In addition, non-natural amino acids having the structure of Formula
(E) may also be incorporated into a polymer or & polynucleatide and are deprotecting to form an aldehyde
group “in-sitd” followed by reductive amination of the aldehyde with an aromatic_amine containing
reagent. i

[0475]) By way of example only, the aromatic amine-containing reagents which are reactive with the

unmasked}deprotected aldehyde-containing non-natural amino acids described herein are compounds with the

following structure:
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a bicyclic aryl ring, 2 multicyclic aryl ring, 2 monoeyclic heteroaryl ﬁng, a bicyclic heteroaryl ring, and a

is selected from the group consisting of a monocyclic aryl ring,

multicyclic heteroaryl ring; )
A 15 independently CR, or N
5 Bis x;ndependcntly CR,, N, O, or S;
each R, is independently selected from the group consisting of H, halogen, alkyl, ~NO,, -CN, substituted alky), ~
N(R)z, ~C(O)R’, -C(ON(R)z, -OR’, and -S(O)R’, where kis 1,2,0r3;ni50,1,2,3,4, 5, 0r 6;
M is H or —<CHaRs; :
Ry is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
10 alkylalkoxy, substituted alkylalkoxy, polyalkylene oxide, substituted polyalkylene axide, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocycle, substituted heterocyele, alkaryl,
substituted alkaryl, aralkyl, substituted aralkyl, -C(O)R”, -C(Q)OR™, ~C(OYN(R™);, ~-C(O)NHCH(R™);, -
(alkylene or substituted alkylene)-N(R”)z, ~(alkeriylene or substituted afkenylene)-N(R")s, -(alkylene or
substituted alkylene)-(aryl or substituted aryl), ~(alkenylene or substituted alkenylene)-(aryl or substituted aryl),
s .. _ ~(alkylene or substituted alkylene)-OMN(R™),, -(alkylene or substituted alkylene)-C(OYSR”, {alkylene or
substituted alkylene)-S-S-(ary! or substituted aryl), whercin each R” is independently hydrogen, alkyl,
substituted alkyl, alkeny), substituted alkenyt, alkoxy, substituted alkoxy, aryl], substituted acyl, h_gteroaryl,
substituted heteraaryl, heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted
aralkyl, or -C(Q)JOR’; e
‘0 orRsis L-X, where, X is a selccted from the group consisting of a label; a dyz; a polymer; a water-soluble polymer;
a derivative of polyéthylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an-affinity label; a
photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydrate; 2 polynucieotide; a
DNA; a RNA,; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a eyclodextrin, a
5 biomaterial; a nanopaxti‘c]e; a spin label; a ﬂﬁorophore, a metal-containing moiety; a radioactive moiety; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; a photocaged moiety;
an actinic radiation excitable moiety; a ligand; a photoisomerizable moiety; biotin; a biotin anatogue; a moiety

incorporating a heavy atom; 2 chemically cleavable group; a photocleavable group; an elongated side chain; 2
carbon-Jinked sugar; a redox-active agent; an amino thioacid; a toxic mojety; an isotopically labeled moiety; a
J biophysical prabe; a phosphorescent group; a chemiluminescent group; an electron dense group; a magnetic
group; an intercalating group; a chromophore; an energy h-.msfer agent; a biologically active agent; a detectable
label; 2 small moiecdle; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum dot(s); 2 nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antthormone, an antioxidant, an aptamer, a guide
' RNA, a saponin, a shuttle vector, a macromolecule, a mimotope, a receptor, a reverse micelle, and any
combination t'hereof, and L is optional, ard when present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)-, -
(alkylene or substituted alkylene)-O-~, -C{0)}-, -C(0)-(alkylene or substituted alkylene)~, -(alkylene or
substituted atkylene}-C(0)-, ~C(OIN{R)~, -C(OIN{R”)-(alkylene or substituted alkylene)-, ~(alkylene or
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substituted alkylene)~C(O)N(R?), ~OC(O)N(R’})-, -OC(OYN(R?)-(alkylene or substituted alkyléne)-, ~(alkylene
or substituted alkylene)-OC(O)N(R")-, -N(R*)C(O)-, -NR’C(O)-(alkylene or substituted alkylene)-, -(alkylene
or substituted alkylene)-NR’C(0O)-, -8-, -S-(alkylene or substituted alkylene)-, ~S(0)y~ where Kist ,2,0r3,-
S(O)(alkylene or substituted alkylene)-, -C(8)~, -C(S)-({alkylene or substituted alkylene)-, <CSN(R")-,
-CSN(R’)-(alkylene or substituted alkylene)-, -N(R*)CO-(alkylene or substituted atkylene)-, -N(R)C(0)O-, -
(alkylene or substituted alkylene)-0-N=CR’~, -(alkylene or substituted alkylene)-C(O)NR ~(alkylene or -
substituted alkylene)-, -(alkylene or substituted alkylene)-S(O),« alkylene or substituted alkylene)-S-, -
(alkylene or substituted alkylene)-8-S-, -S(0)N(R)-, -N{R*)C(OINR}-, ~N(R")C(S)N(R?)-,
NR)IS(OYN(R)-, -N(R)N=, -CR*)=N-, -C(R")=N-R(R")-, -C(R*)=N-N=, ~C(R*)"N=N-, and
~C(R}>-N(R")-N(R")-; each R” is independently H, alkyl, or substituted alkyl.

Such reagents include compounds having the following structures,

Ra, Ra R H R 2
izs—s: ,P— NH, Rs< Ra Ry Ra
Rd Ra Re Ra ,and Ra NH, R

These compounds may also be used to further modify aldehyde-containing non-natural amino acid polypeptides
(naturally or chemically synthesized), synthetic polyn;ers, polysaccharides, or polynucleotides.

|8476] These reductive amination reactions post-transiationally modify uﬁmaskedideprotected aldehyde-
containing non-natural amino acid polypeptides inte non-natural amino acid polypeptides which contain aromatic
amine-containing non-natural amino acid. The types of polypeptides that comprise such arematic amine-containing
non-natural amino acids is" practically unlimited as long as the unmasked/deprotected aldehyde~containing non-
natural amino acid is located on the polypeptide such that the aromatic amine-containing reagent can react with the
available aldehyde group and not create a resulting modified non-natural amino acid ﬂ)a’t destroys the tertiary
structure of the polypeptide (excepting, of course, if such destruction is the purpose of the reaction).

{6477] Additionally, the reaction between an ajdehyde moiety and an aromatic amine moiety is facile and such
reductive amination reactions have at least one of the following characteristics: (i) occurs in a pH range of about 4 to
about 7, (ii) gensrates an amine linkage which is stable under biological conditions; (iii) is site-specific; (iv) does pot
irreversibly destroy the iertiary structure of a polypeptide; {v) occurs rapidly at room temperature; (Vi) occurs readily
is sgqieous conditions; (vii) occurs readily when the ratio of the nop-natural amino acid comprising the aldehyde
moiety to the aromatic amine-containing reactant is stoichiometric, stoichiometric-like or near stoichiometric; and
{viii) is regioselective and/or regiospecific. The orthogonal nature of the reductive amination reactions results in the
regioselectivity and/or regiospecificity, thereby allowing for site specific post-translational modification of non-
natural amino acid polypeptides without affecting other amino acids in the non-natural amino acid polypeptide.
[0478] An illustrative embodiment of reductively aminating an unmasked or deprotected aldehyde-containing
non-natural amino acid on a polypeptide is presented in FIG. lé. In addition, certain embodimernts include a single
reductive amination of an unmasked or deprotected aldehyde-cc;maining non-natural amino acid on a polypeptide
with an aromatic amine-containing reagent, thereby producing a secondary amine mofjety. Additionally, certain
embodiments include a reductive amination of a carbonyl-containing non-natural amino acid on a polypeptide, in
which the carbonyl moiety contains at least two uimnasked or deprotected aldehyde groups, with an aromatic amine-
containing reagent, thereby producing a cyclic tertiary amine moiety. Still other embodiments include two reductive
aminations of an unmasked or deprotected aldehyde-containing non-natural amino acid on a polypeptide containing
at least two aldehyde groups, with two identical or two different aromatic amine-containing reagents thereby

144



10

15

20

25

30

z;l

praducing two secondary amine moieties. In these illustrative embodiments, an aromatic amine-containing reagent is
added to a buffered solution (pH of about 4 to about 7) of an unmasked or deprotected aldehyde-containing non-
natural amino acid polypeptide and a reducing agent such as, by. way of example only, TCEP, NayS, Na;5,0;,
LiAlH,, B;He NaBH,; or NaBCNH,. The reaction proceeds at ambient temperature and the vesulting aminated
aldehyde-containing non-natural amino acid polypeptide may be purified by HPLC, FPLC or size-exclusion
chromatography. - .

{04791 In other embodiments, multiple linker chemistries can react site-specifically with an unmasked or
deprotected aldehyde-containing non-natural amino acid polypeptide. In one embodiment, the linker methods
described herein utilize linkers containing the aromatic amine functionality on at least one linker termini (mono, bi-
or multi-functional), The reductive amination of an aromatic amine-derivatized linker with an unmasked or
depr'otectcd aldehyde-confaining polypeptide gencrates a stable amine linkage. Bi- and/or multi-functional linkers,
also known as heterofunctional finkers (e.g., aromatic amine with one, or more, other linking chemistries) allow the
site-specific connection of different molecules .(e.g.. other polypeptides, polynucleic acids, polymers or small
molecules) to the non-natural amino acid polypeptide, while mono-functional linkers, also known as homofunctional
linkers (aromatic amine-substituted on all termini) facilitate the site-specific dimer- or oligomerization of the
unmasked or deprotected aldehyde-containing non-natural amine- acid polypeptide. By combining this linker
strategy with the in vivo translation technology described herein, it becomes possible to specify the three-
dimensional structures of chemically-elaborated proteins.

D. Example of Adding Fanctionality: Macromolecular Polymers Coupled to0 Non-Natural Amino

Acid Polypeptides

{0480} Various medifications to the non-natural amino acid polypeptides described herein can be effected using
the ‘compositions, methods, techniques and strategies described herein. These modifications include the
incorporation of further func‘tionaiity onto the non-natural amino acid component of the polypeptide, including but
not limited to, a label; a dye; a polymer; a waterssoluble polymer; a derivative of polyethylene glycol; a
photocrosslinker; a cytotoxic campound; a drug; au affinity label; a photoaffinity label; a reactive compound; &
resin; a second protein or polypeptide or polypeptide analog; an antibody or antibody fragment; 2 metal chelator; a
cofactor; a fatty acid; a carbohydrate; a polynucleotide; a DNA; a RNA; an antisense polynucleotide; a saccharide, a
water-soluble dendrimer, a cyclodextrin, 2 biomaterial; a nanoparticle; a spin label; a fluorophore, a metal-
containing moiety; a radioactive moiety; a novel functional group; a group that covalently or noncovalently interacis
with other molecules; a photocaged moiety; an actinic radiation excitable moiety; a ligand; 2 photoisomerizable

. moiety; biotin; 2 biotin analogue; a moiety incorporating a heavy atom; a chemically cleavable group; a

photocleavable group; an elongated side chain; a carbon-linked sugar; a redox-active agent; an amino thioacid; a
toxic moiety; an isotopically labeled moiety; a biophysical probe; a phosphorescent group; a chemiluminescent
group; an electran dense group; a magnetic group; an intercalating group; a chtamaphore; an energy transfer agent;
a biologically active agent; a detectable label; a small molecule; an inhibitory ribonucleic acid; a radionucieotide; a
neutron-capture agent; a derivative of biotin; quantum dot(s); a nanotransmitter; a radiotraus'mitter; an abzyme, an
activated complex activator, a virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an
antioxidant, an aptamer, 2 guide RNA, a saponin, a shuttle vector, 2 macromolecule, a mimotope, a receptor, a
reverse micelle, and any combination thereof. As an {llusirative, non-limiting example of the compositions, methods,
tecbniqz;es and strategies described herein, the following description will focus on adding macromolecular polymers
to the non-natural amino acid polypeptide with the unéerstanding that the compositions, methods, techniques and
strategies descriiaed thereto are also applicable (with appropriate modifications, if necessary and for which one of
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skill in the art could make with the Eiigclosurcs herein) to adding other functionalities, including but not limited to
those listed above. .

[0481] A wide varicty of macromolecular polymers and other molecules can be linked to the non-natural amino
acid polypeptides described herein to modulate biological properties of the non-natural amino acid polypeptide (or
the corresponding natural amino acid polypeptide), and/or prc;vide new biological properties to the non-natural
amino acid polypeptide {or the corresponding natural amino acid polypeptide). These macromolecular polymers can
be linked to the non-natural amino acid polypeptide via the non-natural amino acid, or any functional substituent of
the non-natural amino acid, or any substituent or functional group added to the non-natural amino acid.

{0482] Water soluble polymers can be coupled to the non-natural amino acids incorporated into polypeptides
(natural or synthetic), polynucleotides, poly saccharides or synthetic polymers. The water soluble polymers may be
coupled via 2 non-natural amino acid incorporated in the polypeptide or any functional group or substituent of a
non-natural amino acid, or any functional gi—oup or substituent added to a non-natural amino acid. In some cases, the
non-natural amino acid polypeptides described herzin comprise ore or more non-watural amino acid(s) Hinked to
water soluble pofymers and one or more naturally-occurring amino acids coupled to water soluble polymers.
Covalent attachment of hydrophilic.polymers 10 a bielogically active molecule represents one approach to'increasing
water solubility (such as in a physiological environment), bioavailability, increasing serum half-life, increasing
therapeutic half-life, modulating immunogenicity, mc;dulating biological activity, or extending the circulation time
of the biologically active molecule, including proteins, peptides, and particularly hydrophobic molecules. Additional
important features of such hydrophilic polymers may include biocompatibility, lack of toxicity, and lack of
immunogenicity. For therapeutic use of the end-product preparation, a pharmaceutically acceptable polymer may be
used.

[0483] Examples of hydrophilic polymers include, but are not limited to, polyalkyl ethers and alkoxy-capped
analogs thereof (e.g., polyoxyethylene glycol, polyoxyethylene/propylene glycol, and methoxy or ethoxy-capped
analogs thereof, especially polyoxyethylene glycol, the latter is also known as polyethylene glycol or PEG);
polyvinylpyrrolidones; polyvinylalkyl ethers; polyoxazolines, polyalkyl oxazolines and polyhydroxyalkyl
oxazolines;  polyacrylamides, polyalkyl acrylamides, and polyhydroxyalkyl acrylamides (e.g.,
polyhydroxypropylmethacrylamide "and derivatives thereof); polyhydroxyalkyl acrylates; polysialic acids and
analogs thereof; hydrophilic pei:tide sequences; polysaccharides and their derivatives, including dextran and dextran
derivatives, e.g., carboxymgthyidextran, dextran sulfates, aminodextran; cellulose and its derivatives, e.g.
carboxymethyl cellulose, hydroxyalky! celluloses; chitin and its derivatives, e.g., chitosan, succinyl chitosan,
carboxymethylchitin, carboxymethylchitosan; hyaluronic acid and its derivatives; starches; alginates; chondroifin
sulfate; albumin; pullulan and carboxymethyl pullulan; polyaminoacids and derivatives thereof, e.g,, polyglutamic
acids, polylysines, polyaspartic acids, polyaspartamides; maleic anhydride copolymers such as; styrene maleic
anhydride copolymer, divinylethyl ether maleic anhydride copolymer; polyvinyl alcohols; copolymers thereof}
terpolymers thereof; mixtures thereof; and derivatives of the foregoing. The water soluble polymer may be any
structural form including but not limited to linear, forked or branched. In some embodiments, polymer backbones
that are water-soluble, with from about 2 to about 300 termini, are particularly useful. Multiﬁmcﬁonél polymer
derivatives include, but are not timited to, linear polymers having two termini, each terminus being bonded to a .
functional gronp which may be the same or different, In some embodiments, the water polymer comprises a
poly(ethylene glycol) moiety. The molecular weight of the polymer may be of a wide range, including but not
timited. to, between about 100 Dz and about 100,000 Da or more. The molecular weight of the polymer may be
between about 100 Da and about 100,000 Da, incinding but not limited to, 100,000 Da, 95,000 Da, 90,006 Da,
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85,000 Da, 80,000 Dz, 75,000 Da, 70,000 Da, 65,000 Da, 60,000 Da, 55,000 Da, 50,600 Da, 45,000 Da, 40,000 Da,
35,000 Da, 30,000 Da, 25,000 Da, 20,000 Da, 15,000 Da, 10,000 Da, 3,000 Da, 8,000 Da, 7,000 Da, 6,000 Da,
5,000 )53, 4,000 Da, 3,000 Da, 2,000 Dz, 1,000 Da, 900 Da, 800 Da, 700 Da, 600 Da, 500 Da, 400 Da, 300 Da, 200
Da, and 100 Da. In some embodiments, the molecular weight of the polymer is between about 100 Da and about
50,000 Da. In some embodiments, the molecular weight of the polymer is between about 100 Da and about 40,000
Da. In some embodiments, the molecular weight of the polymer is between about 1,000 Da and about 40,000 Da. in
some embodiments, the molecular weight of the polymer is between about 5,000 Dz and about 40,000 Da, In some
emhodimenté, the molecular weight of the polymer is between about 10,000 Da and about 40,000 Da, In some
embodiments, the poly(ethylene glycel) molecule is a branched polymer. The molecular weight of the branched
chain PEG may be between about 1,000 Da and about 100,000 Da, including but not limited to, 100,000 Da, 95,000
Da, 50,000 Da, 85,000 Da, 80,000 Da, 75,000 Da, 70,000 Da, 65,000 Da, 60,000 Da, 55,000 Da, 50,000 Da, 45,000
Da, 40,000 Da, 35,000 Da, 30,000 Da, 25,000 Da, 20,000 Da, 15,000 Da, 10,000 Da, 9,000 Da, 8,000 Da, 7,000 Da, .
§,000 Da, 5,000 Da, 4,000 Da, 3,000 Da, 2,000 Da, and 1,0'00 Da.’In some embodiments, the molecular weight of
the branched chain PEG is between about 1,000 Da and about 50,000 Da. Il"l. some -emgadiméns, the molecular
weight of the branched chain PEG is between about 1,000 Da and about 40,000 Da. In some embodiments, the
molecular weight of the branched chain PEG is between about 5,000 Da and about 40,000 Da. In some
embodiments, the molecular weight of the branched chain PEG {s between about 5,000' Da and about 20,008 Da.
Those of ordinary skill in the art will recognize that the foregoing fist for substantially water'soluble backbones is by
no means exhaustive and is merely illustrative, and that all polymeric materials having the quaht:es described above
are contemplated as being suitable for use in methods and compositions described herein.
[0484) As deseribed above, one example of a hydrophilic polymer is poly(ethylene glycol), abbreviated PEG,
which has been used extensively in pharmaceuticals, on artificial implants, and in other. apphcanons where
biocompatibility, Iack of toxicity, and lack of immunogenicity are of importance. Thc polymcrpolyeptlde
embodiments described herein will use PEG as an example hydrophilic polymer wut‘h the understanding that other
hydrophilic polymers may be similasly utilized in such embodiments.
[0485) PEG is a well-known, water soluble polymer that is commercially available or can be prepared by ring-
opening polymerization of ethylene glycol according to methods well knnwn in the art (Sandler and Karo, Polymer
Synthesis, Academic Press, New York, Vol. 3, pages 138-161). PEG is typxca]ly clcar, co}oriess odorless, soluble in
water, stable to heat, inert to many chemical agents, does not hydrolyze or deteriorate, and is generally non-toxic.
Poly(ethylene glycol} is considered to be biocompatible, which is to say that PEG is capable of coexistence with
living tissues or organisms without causing harm, More specifically, PEG is substantially non-immunogenic, which
is to say that PEG does not tend io produce an immune response in the body. When attached to a molecule having
some desirable function in the body, such as a biologically active agent, the PEG tends to mask the agent and can
reduce or eliminate any immune response $0 that an orgenism can tolerate the presence of the agent, PEG conjngates
tend not to produce a substantial immune response or cause clofting or other undesirable effects.
{6436] The term “PEG” is used broadly to encompass any polyethylene giycol molecule, without regard to size
or to modification at an end of the PEG, and can be represented as linked to a non-natural amino acid polypeptide by
the formula:

XO~(CH,CH,0),-CH.CH.-Y
where n is 2 to 10,000 and X is K or a terminal modification, including but not limited to, 2 Cy.4 alkyl, a protecting
group, or a terminal functional group. The term PEG includes, but is not limited to, poly(ethylene glycol) in any of
its forms, inciuding bifunctional PEG, multiarmed PEG, derivatized PEG, forked PEG, branched PEG (with each
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chain having a molecular weight of from shout ¥ kDa to about 100 kDa, from about 1 kDa to about 56 kDa, or from
about 1 kDa to about 20 kDa), pendent PEG (i.e. PEG or related polymer's having one or more functional groups
pendent to the polymer backbom;), or PEG with degradable linkages therein. In one embodiment, PEG in which n is
from about 20 to about 2000 is svitable for use in the methods 'and corpositions described herein. In so;ne
embodiments, the water polymer comprises a poly(ethylene glycol) moliety. The molecular weight of the polymer
may be of a wide range, including but not limited to, between about 100 Da and about 100,000 Da or more. The
molecular weight of the polymer may be between about 100 Da and about 100,000 Dz, including but not limited to,
100,000 Da, 95,000 Da, 90,000 Da, 85,000 Da, 80,000 Da, 75,000 Da, 70,000 Da, 65,600 Dz, 60,000 Da, 55,000
Da, 50,000 Da, 45,000 Da, 40,000 Da, 35,000 Da, 30,000 Da, 25,000 Da, 20,000 Da, 15,000 Da, 10,000 Da, 9,000
Da, 8,000 Da, 7,000 Da, 6,000-Da, 5,000 Da, 4,000 Da, 3,000 Da, 2,000 Da, 1,000 Da, 500 Da, SOQ DPa, 700 Da, 600
Da, 500 Da, 400 Da, 300 Da, 200 Da, and 100 Da. In some embodiments, the molecular weight of the polymer is
between about 100 Da and about 50,000 Da. In some embodiments, the molecular weight of the polymer is between
about 100 Da and about 40,000 Da. in some embodiments, the molecular weight of the polymer is between about
1,000 Da and about 40,000 Da. In some emhodiments: the moleeular weight of the polymer is between about 5,000
Da and about 40,000 Da. In some embodiments, the molecular weight of the polymer is between about 10,000 Da
and about 40,060 Da. In some embodiments, the poly{ethylene glycol) molecule is a branched polymer. The
molecular weight of the branched chain PEG may be between about 1,000 Da and about 100,000 Da, including but
not limited to, 100,000 Da, 95,000 Da, 90,000 Da, 85,000 Da, 80,000 Ba, 75,000 Da, 70,000 Di, 65,000 Da, 60,000
Da, 35,000 Da, 50,000 Da, 45,000 Da, 40,000 Da, 35,000 Da, 30,000 Da, 25,000 Da, 20,000 D3, 15,000 Da, 10,000
Da, 9,000 Da, 8,000 Da, 7,000 Da, 6,00{_} Da, 5,000 Da, 4,000 Da, 3,000 Da, 2,000 Da, and 1,000 Da, In some
embodiments, the molecular weight of the branched chain PEG is between about 1,000 Da anid about 50,000 Da. In
some embodiments, the molecular weight of the branched chain PEG is between about 1,000 Da and about 40,000
Da, In some embodiments, the molecular weight of the branched chain PEG is between about 5,000 Da and about
40,000 Da. In some embodiments, the molecular weight of the branched chain PEG is between about 5,000 Da and
about 20,000 Da. A wide range of PEG molecules are described in, including but not limited to, the Shearwater
Polymers, Inc. catalog, Nektar Therapeutics catalog, incorporated herein by reference,

04871 Specific examples of terminal functional groups in the literature include, but ars not limited to, N-
succinimidy} carbonate (see e.g., U.S. Pat. Nos. 5,281,698, 5,468,478), amine (see, e.g., Buckmann et al, Makromol.
Chemn. 182:1379 (1981), Zalipsky et al. Eur. Polym. J. 19:1177 (1983)), hydrazide (See, e.g., Andresz et al.
Makromot, Chem. 179:301 (1978)), succinimidy! ptopionate and succinimidy! butanoate (see, e.g., Olson et al, in
Poly(ethylene glycol) Chemistry & Biological Applications, pp 170-181, Hairris & Zalifisky Eds., ACS, Washington,
D.C., 1997; see also U.S. Pat. No. 5,672,662), succinimidyl succinate (See, e.g., Abuchowski et al. Cancer Biochem.
Biophys. 7:175 (1984) and Yoppich et al. Makromol. Chem, 180:1381 (1979), succinimidy] ester (see, e.g., .S, Pat.
No. 4,670,417), benzotriazole carbonate (see, e.8., U.S, Pat. No. 5,650,234), glycidyl sther (see, ¢.g., Pitha et al, Eur,
J Biochem. 94:11 (1979), Elling et al., Biotech. Appl. Biochem. 13:354 (1991), oxycarbonylimidazole (ses, e.g2.,
Beauchamp, et al., Anal. Biochem. 131:25 (1983), Tondelli et al. §. Controlied Release 1:251 (1985)), p-nitrophenyl
carbonate (see, e.g., Veronese, et al., Appl. Biochem. Biotech,, 11: 141 SI?SS); and Sartare et al., Appl. Biochem.
Biotech,, 27:45 (1981)), aldehyde (see, e.g., Harris et al. I. Polym. Sci. Chem. Ed. 22:341 (1984), U.S. Pat. No.
5,824,784, U.S. Pat, No. 5,252,714), maleimide (see, e.g., Goodson et al. Bio/Technology 8:343 (1990), Roman; et
al. in Chemistry of Peptides and Proteins 2:29 (1984)), and Kogan, Synthetic Comm, 22:2417 (1992)), orthopyridyl-
disulfide (see, e.g., Woghiren, et al. Bioconj. Chem. 4:314(1993)), acrylol (see, e.g, Sawhney et al,,

. 3 N
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Macromolecules, 26:581 (1993)}, vinylsulfone (see, e.g., U.S. Pat. No. 5,900,461). Al of the above references and

- patents are incorporated herein by reference.

{0488} In some cases, a PEG terminates on one end with hydroxy or methoxy, L.e., X is H or CH; (“methoxy
PEG”). Altematively, the PEG can terminate with a reactive group, thereby forming a bifunctional polymer. Typical
reactive groups can include those reactive gronps that are commonly used te react with the functiona) groups found
in the 20 common amino acids (incluéiﬁg,bpt not limited to, maleimide groups, activated carbonates (including but
not Hmited to, p-nitrophenyl ester), activated esters (including but not limited to, N-hydroxysuccinimide, p-
nitrophenyl ester) and aldehydes) as well as functional groups tha't are inert to the 20 common amino acids but that
react specifically with complementary functional groups present in non-natural amino acids (including but not
limited to, aromatic aminé groups).

{0489} It is noted that the other end of the PEG, which is shown in the above formula by Y, will attach cither
direcily or indirectly to a polypeptide (synthetic o natural), polynucleotide, polysaccharide or synthetic polymer via
a nop-natural amino acid. When Y is an aldehy&c group, then the aldehyde-containing PEG reagent can react with
an aromatic amine-containing non-natural amino acid in a polypeptide to form a PEG group linked to the
polypeptide via an amine linkage. Examples of appropriate reaction conditions, purification methods and reagents
are described throughont this specification and theaccompanying Figures. FIG. 35 presents a schematic illustrating
the comparison between N-terminal PEGylation and PEGylation based on reductive atkylation of aromatic amine
moieties on amino acids which have been incorporated into peptides. The figure illustrates that under the reaction
conditions used the PEGylation of a natural peptide is only easily achieved at the terminal amine, whereas under the
reaction conditions used for PEGylatio.ia of x;on-natural peptides with incorporated non-natural amino acids
containing aromatic moijeties may be achieved at the site of incorporation of the non-natural amino acid into the
sequence, without any reaction at the protonated terminal amine. The site of PEGyIation. depends on the site of
incorporation of the non-natural amina acid containing the aromatic amine moiety. Such a site may be a terminal
site, oy it may be at any site within the peptide sequence. ’ '

0490 By way of example only and not as 2 limitation on the types or classes of PEG reagents that may be used
with the compositions, methods, techniques and sirategles described herein, FIG: 36 pre.scnts illustrative examples
of aldchyde-containing PEG reagents that can react with aromatic amine-containing non-natural amino acid
polypepiides to form non-natural amine acid poiy'ge'pﬁde}; finked to the PEG group via an amine linkage. Also
presented in FIG. 36 are examples of branched aldehyde-containing PEG reagents that can react with aromatic
amine-containing non-natural aminoe acid polypeptides to form non-natural amino acid polypeptides linked to PEG
groups. o :

{0491} Heterobifunctional derivatives are also particularly useful when it is destred to attach different
molecules to each terminus of the PEG polymer. In some embodiments, one end of the PEG contains an aldehyde
moiety which can react with an aromatic amine group present in a non-natural amino acid to form an amine linkage
between the PEG and the peptide, while the other end of the PEG confains other functionality which may undergo
further reaction h}; treatment with an appropriate agent. By way of example such functionality may be an amine
group available to actasa nucleophile on a variety of electrophiles, including carbony! containing reagents.

|0492] Thus, in some embodiments, the polypeptide comprising the non-natural amino acid is linked to a water
soluble polymer, such as polyethylene glycol (PEG), via the side chain of the non-natural amino acid, The non-
natural amino acid. methods and compositions described herein provide a highly efficient method for the selective
modification of proteins with PEG derivatives, which involves the selective incorporation of non-natural amino
acids, including but not limited to, those amino acids contail:ling functional groups or substituents not found in the
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.20 naturally incorporated amino acids, into proteins in response to a selector codon and the subsequent modification
of those amino acids with a suitably reactive PEG derivative. Known chemistry methodologies of a wide variety are
suftable for use with the non-natural amino acid methods and compositions described herein to incorporate & water
solfuble polymer into the protein. ’ ‘

10493] The polymer backbone can be linear or branched, Branched polymer backbones'are generaily known in
the art. Typically, a branched polymer has a central branch core moiety and a plurality of lin€ar polymer chains
linked to the ceniral branch core. PEG is used in branched forms that can be prepared by addition of ethylene oxide
to various polyols, such as glyserol, glycerol oligomers, pentaerythritol and sorbitol. The central branch moiety can
also be derived from‘seve.ml amino acids, such as lysine. The branched poly(ethylene glycol) can be represented in
general form as R(-PEG-OH),, in which R is derived fram a core moiety, such as glycerol, glycerol oligomers, or
pentaerythritol, and m represents the number of arms. Muiti-armed PEG molecules, such as those described in U.S.
Pat. Nos. 5,932,462 5,643,575; 5,229,490; 4,289,872; U.S. Par. Appl. 2003/0143596; WO 96/21469; and WO |
93/21259, each of which is incorporatéd by reference herein in Its entirety, can also be used as the polymer
backbone. R

10494] Branched PEG can also be in the form of a forked PEG represented by PEG(-YCHZ), where Y is a
linking proup and Z is an activated terminal group linked to CH by z chain of atoms of defined length. Yet another
branched form, the pendant PEG, has reactive groups, such as carboxyl, along the PEG backbone rather than at the
end of PEG chains, FIG. 36 shows non-limiting examples of branched aldehyde-containing PEG, reagents uscd in
the inethods deseribed herein, ) .

10495} In additfon to these forms of PEG, the polymer can also be prepared with weak or degradable linkages in

- the backbone. For example, PEG can be prepared with ester linkages in the polymer backbone that are subject to

hydrolysis. As shown below, this hydrolysis results in cleavage of the polymer into fragments of lower molecular
weight: -
~PEG-CO,-PEG-+H,0 » PEG-CO:H-!-HOJ’B&-

It is understood by those skilled in the art that the term poly(ethylene glycol) or PEG represents or includes all the
forms knowa in the art including but not limited to those disclosed herein. The molecular weight of the polymes may
be of 2 wide range, including but not limited to, between about 100 Da and about 160,000 Pa or more. The
molecular weight of the polymer may be between about 100 Da and abofxt 100,000 Da, including but not limited tn,
100,000 Da, 95,000 Da, 90,000 Da, 85,000 Da, 80,000 Da, 75,000 Da, 70,000 Da, 65,000 Da, 60,060 Da, 55,000
Da, 50,000 Da, 45,000 Da, 40,000 Da, 35,000 D&, 30,000 Da, 25,000 Dz, 20,000 Da, 15,000 Da, 10,000 Da, 5,000
Da, 8,000 Da, 7,000 Da, 6,000 Da, 5,000 Da, 4,000 Da, 3,000 Da, 2,000 Da, 1,000 Da, 900 Da, 800 Da, 700 Da, 600
Da, 500 Da, 400 Da, 300 Da, 200 Da, -and 100 Da. In some embodiments, the molecular weight of the polymer is
between about 100 Da and about 50,000 Da. In some embadiments, the molecular weight of the polymer is between
about 100 Da and about 40,000 Da. In some embodiments, the molecular weight of the polymer is between about
1,000 Da and about 40,000 Da. In some embodiments, the molecular weight of the pofymer is between.abont 5,000
Da and about 40,000 Da. In some en;bodiments, the mojecunlar weight of the polymer is between about 10,000 Da
and about 40,000 Da,

[0496] In order to maximize the desired properties of PEG, the total molecular weight and hydration state of the
PEG-* polymer or polymers aitached to the biologically active molecule must be sufficiently high to impart the
advantageous characteristics typically associated with PEG polymer attachment, such as increased water solubility
and circulating-half life, while not adversely impacting the bioactivity of the parent molecule,
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[0497} The methods and compositions described herein may be used to pt,odi;ce substantially homogenous
preparations of polymer:protein conjugates. “Substantially homogenous” as used hereip means that polymer:protein
conjugate molecules are observed to be greater than half of t-he total protein. The polymer:protein conjugaie has
biological activity and the present “substantially homogenous™ PEGylated polypeptide preparations provided herein
are those which are homogenous enough to display the advantages of a homogenous preparation, e.g., ease in
clinical application in predictability of lot to lot pharmacokinetics, ’

10498} One may also choose to prepare a mixture of polymer:protein conjugate molecules, and the advantage
provided herein is that one may select the proportion of mono-polymer:protein conjugate to include in the mixture.
Thus, if desired, one may prepare a mixture of various proteins with various numbers of po[ymer.moieties attached
(.e., di-, tri-, tefra-, efc.) and combine said conjugates with the mono-polymer:protein conjugate prepared using the
methods described herein, and have a mixture with a predetermined proportion of mono-polymer:protein conjugates.

" 10499 The proportion of polyethylene glycol molecules to protein molecules witl vary, as will their

concentrations in the reaction mixture. In general, the optimum ratio (in terms of efficiency of reaction in that there
is minimal excess unreacted protein or polymer) may be determined by the molecular weight of the polyethylene
giycol selected and on the nuinber of available reactive groups available. As refates 1o molecular weight, typically
the higher the malecular weight of the polymér, the fewer number of polymer molecules which may be attached to
the protein. Simiiarly, branching of the polymer should be taken into account when optimizing these pararneters,
Generally, the higher the molecular weight (or the more branches) the higher the polymer:protein ratio,
{05001 As used herein, and when contemplating hydrophilic polymer:polypeptide/protein conjugates, the term
“therapeutically effective amount” further refers to an amount which gives the desired benefit to a patient. The
amount will vary from one individual to another and will depend upon a number of factors, including the overall
physical condition of the patient and the underlying condition to be treated. A therapeutically effective amount of
the present compositions may be readily ascertained by one skilled in the art using publicly available materials and
procedures,
10501} The number of water soluble polymers linked to a modified or unmodified non-natural amino acid
polypeptide (i.e., the extent of PEGylation or glycosylation) described herein can be adjusted to provide an altered
(including but not limited to, .increased or decreased) pharmacologic, pharmacokinetic or pharmacodynamic
characteristic such as in vivo half-life. In some embodiments, the half-life of the polypeptide is increased at least
about 10, '20, 30, 49, 50, 60, 70, 80, 90 percent, two fold, five-fold, 10-fold, 50-fold, or at least about 100-fold over
an unmodified polypeptide.
j0502) In-one embodiment, a polypeptide comprising an aromatic amine-containing non-natural amino acid is
modified with a PEG derivative that contains a terminal aldehyde moiety that is linked directly to the PEG
backbone. In another embodiment, a polypeptide comprising an aromatic amine-containing non-natural amino acid
is modified with a branched PEG derivative that contains a terminal aldehyde moiety, with cach chain of the
branched PEG having a MW ranging from about 10-40 kDa and, in other embodiments, from about 5-20 kDa.
10503] In some embodiments, the aldehyde-terminal PEG derivative will have the structure;

: RO-(CHzCH,0),~0-(CH;)y-CH,-NH-CH;-C(O)H
wheie R is a simple alky! (methyl, ethyl, propy), etc.), m is 2-10 and n is 100-1,000 (i.e., average molecular weight

-is between 5-40 kDa). The molecular weight of the polymer may be of 2 wide range, including but not Iimited to,

between about 100 Da and about 100,000 Da er more. The molecular weight of the polymer may be between about
100 Da and about 100,000 Da, including but not Jimited to, 100,000 Da, 95,000 Da, 90,000 Da, 85,000 Da, $0,000
Dz, 75,000 Da, 70,000 Da, 65,000 Da, 66,000 Da, 55,000 Da, 50,000 Da, 45,000 Da, 40,000 Da, 35,000 De, 30,000
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Da, 25,000 Da, 20,000 Ds, 15,000 Da, 10,000 Da, 9,000 Da, 8,000 Da, 7,000 Da, 6,000 Da, 5,000 Da, 4,000 Da,
3,000 Da, 2,000 Da, 1,000 Da, 900 Dz, 800 Da, 700 Da, 600 Da, 500 Da, 400 Da, 300 Da, 200 Da, and 100 Da. In
some embodiments, the molecular weight of the polymer is between about 100 Da and about 50,000 Da. In some
embodiments, the molecular weight of the polymer is between about 100 Da and about 40,000 Da. In some
embodiments, the molecular weight of the polymer is between about 1,000 Da and about 40,000 Da. n some
erabadiments, th.e molecular weight of the polymer is between about 5,000 Da and about 40,000 Da. In some
embodiments, the molecular weight of the polymer is between about 10,000 Da and about 40,000 Da.

{0504} In another embodiment, & polypeptide comprising a aromatic amine amine acid is modified with a
branched PEG derivative that contains a terminal aldehyde moijety thus forming an amine bond with each chain of
the branched PEG having 2 MW ranging from about 10-40 kDa and, in other embodiments, from about 5-20 kDa.
The molecular weight of the branched chain PEG may be between about 1,000 Da and about .100,000 Da, including
but not limited to, 100,000 Da, 95,000 Da, 90,000 Da, 85,000 Da, 80,000 Da, 75,000 Da, 70,000 Da, 65,000 Da,

* 60,000 Da, 55,000 Da, 50,000 Da, 45,000 Da, 40,000 Da, 35,000 D2, 30,000 Da, 25,000 Da, 20,000 Da, 15,000 Da,

10,000 Da, 9,000 Da, 8,000 Da, 7,000 Da, 6,000 Da, 5,000 Da, 4,000 Da, 3,000 Da, 2,000 Da, and 1,000 Da. In
some embodiments, the molecular weight of the branched chain PEG is between about 1,000 Da and about 50,000
Da. In some embodiments, the molecular weight of the branched chain PEG is between about 1,000 Da and about
40,000 Da. In some embodiments, the molecular weight of the branched chain PEG is between about 5,000 Da and *
about 40,000 Da. In some embodiments, the molecular weight of the branched chain PEG is between about 5,000
Da and about 20,000 Da. .
[0505} Several reviews and monographs on the functionalization and conjugation of PEG are available. See, for
example, Harris, Macromol. Chem. Phys, C25: 325-373 (1985); Scouten, Methods in Enpmology 135: 30-65
{1987); Wong et al, Enzyme Microb. Technol. 14; 866-874 (1992); Delgado et al., Critical Reviews in Therapeutic
Drug Carrier Systems 9: 249-304 (1992); Zalipsky, Bioconjugate Chem. 6; 150-165 (1995).
10506) Methods for activation of polymers can also be found in WO 94/17039, U.S, Pat. No. 5,324,844, WO
94/18247, WO 94/04193, U.S. Pat. No. 5,219,564, U.S, Pat. No. 5,122,614, WO 50/13540, U.S. Pat. No. 5,281,698,
and WO 93/15189, and for conjugation between activated polymers and enzymes including §ut not limited to *
Coagulation Factor VIII (WO 94/15625), haemoglobin (WO 94/03027), oxygen canying molecule {U.S. Pat. No.
4,412,989), ribonuclease and superoxide dismutase (Veronese at al., App. Biochem. Bzotech 11: 141-52 (1985)), ail
of which are herein incorporated by reference i their entirety. o
[0507] If necessary, the PEGylated nop-natural amino acid polypeptides described herein obtained from the
hydrophobic chromatography can be purified further by one or more procedures known to those skilled in the art
including, but are not limited to, affinity chromatography; anion~ or cation-exchange chromatography (using,
including but not limited to, DEAE SEPHAROSEY); chromatography on silica; reverse phase HPLC; gel filtration
(using, including but not limited to, SEPHADEX G-75); hydrophobic interaction chromatography; size-exclusion
chromatography, metal-chelate chromatography; ultrafiltration/diafiltration; ethanol precipitation; ammonium
sulfate precipitation; chromatofocusing; displacement chromatography; electrophoretic procedures (includi:;'g but
not limited to preparative isoclectric focusing), differential solubility (including but not limited to ammonium sulfate
precipitation), or extraction. Apparent molecular weight may be estimated by GPC by comparison to globular
protein standards (Preneta AZ, PROTEIN PURIFICATION METHODS, A PRACTICAL APPROACH (Harris & Angal, Eds.)
IRE Press 1989, 203-306). The purity of the non-natural amino acid polypeptide:PEG conjugate can be assessed by
proteolytic degradation (including but not fimited to, trypsin cleavage) followed by mass spectrometxy analysis,
Pepinsky RB., et.al., J. Pharmcol. & Exp. Ther, 297(3):1059-66 (2001).
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. {6508] PEGylation of natural polypeptides by reductive alkylation of the terminal amine moiety reqiires more

time than that required for PEGylation of an aromatic amine moiety on a nor-natural amino acid. Additionally, the
fatter PEGylation method is site specific and may occur at any site in the polypeptide where the non-natural amino
acid has been incorporated. FIG. 37 shows the PEGylation of a terminal amine of a'peptide MT-9 using
stoichiometric or near stoichiometric ratios, at pH 5, requires at least twelve hours for about 50% PEGylation to
occur. In contrast, FIG. 38 shows js a non-limiting example of the PEGylation of a peptide which contains an amino
acid containing an aromatic amine moiety, including but not limited to pAF2 (p-amino-phenylalanine). In FIG, 38
the peptide MT-9 is near complete PEGylation with 20k PEG aldehyde or 40k PEG aldehyde in stoichiometric or
near stoichiometric ratios, at pH 4, after reacting for about one hour,

10509] This demonstrates the beneficial characteristics of PEGylation using reductive alkylation of an amino
acid containing an aromatic amine rmoiety, such as selectivity (only PEGylation at the aromatic amine containing
amino acid); fast reaction time( about one hour versus twelve hours); stoichiometric or near stoichiometric ratios
rather than an excess of PEG aldehyde reagent (thereby using less reagent); and specificity {in contrast to only N-
terminal PEGylation, PEGylation via reductive alkylation of an amino acid containing an aromatic amine moiety
ynay occur at any anywhere in the peptide sequence). : . .
[0510] A non-limiting example of the PEGylation of hGH (“human growth hormone”) is shown in FIG. 39,
wherein the tyrosine residue at position 35 of the hGH protein has been translationally replaced with an amino;c:d
containing an aromatic amine moiety, including but not limited to pAF2 (p-amino-phenylalanine), which is then
reductively alkylated with a PEG containing an aldehyde moiety. Also shown in FIG. 39 is a non-limiting example
of the PEGylation of IFNo, wherein an amino acid containing an aromatic amine moiety, including but not limited
to pAF2, is incorporated into the IFNa sequence and is subsequently reductively alkylated with a branched PEG
contdining an aldehyde moiety. .

[0511] A water soluble polymer linked to a non-natural amino acid of a polypeptide described herein can be
furtheér derivatized or substituted without limitation. o

E, Further examples of modifications using sive-specific derivatization

{0512} A non-timiting example of the selective, site-specific derivatization of polypeptides/proteins is shown in
FIGS. 20-34, wherein reductive alkylation of the aromatic amine molety, including but not limited to pAF2 (p- i
amino-phenylalaning), otcurs preferentiatly, over other sidechain groups such as, by way of example lysine, or any
end group derivatization. Such selective, site-specific derivatization may atlow for modification of
polypeptides/proteins to design agonists and/or antagonists, site specific pegylation of polypeptides/proteins,

‘prodrug desipn, polypeptide/protein glycosylation, * polypeptide/protein dimerization, small molecule drug

conjugates of polypeptides/proteins, and small molecule drug conjugates of antibodies.

F. Enlancing affinity for serum albumin

[0513] Various molecules-can also be fused to the non-natural amine acid polypeptides described herein to
modulate the half-life in serum. In some embodiments, molecules are linked or fused to the modified or unmodified
non-natural amino acid polypeptides described herein to enhance affinity for endogenotis serum albumin in an
animal. .

j0514] For example, in some cases, a recombinant fusion of a polypeptide and an albumin binding sequence is
made, Exemplary albumin binding sequences include, but are not limited to, the albumin binding domain from
streptococcal protein G (see. e.g., Makrides et ol., J. Pharmacol. Exp. Ther. 277:534-542 (1996) and Sjolander ef al.,
J, Immunokb. Methods 201:115-123 (1997)), or albumin-binding peptides such as those described in, e.g.,, Dennis, ef

- al., J. Biol. Chem. 277:35035-35043 (2002).
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[0515) In other embodiments, the modified or unmodified non-patural amino acid polypeptides described
herein are acylated with fatty acids. In some cases, the fatty acids promote binding to serum albumin. See, e.g.,
Kurizhals, et al., Biochem, J. 312:725-731 (1995),

[0516] In Othel: embodiments, the modified or unmodified non-natural amino acid polypeptides described
herein are fused directly with serum albumin (including but not limited to, human serum albumin), Those of skill in
the art will recognize that a wide variety of other molecules can alse be linked to non-natural amino acid
bo[ypeptides, modified or unmodified, as described herein, to modulate binding to serum albumin or other serum
components. '

G. Glycosylation of non-naturef amitio acid polypeptides deseribed herein

[6517] The methods and compositions described herein include polypeptides incorporating one or more non-
natural amino acids bearing saccharide residues. The saccharide residues may be either natural (including but not
Iimited to, N-acetylglucosamine) or non-natural (including but not limited to, 3-fluorogalactose). The saccharides
may be linked to the non-natural amine acids either by an N- or O-hnked giycos:dlc Imkage (including but not
limited to, N-acetylgalactose-L-serine) or a non-natural linkage (mc!udmg but not limited 1o, a heterocycle,
including a nitrogen-containing heterocycle, linkage or the sorresponding C- or 8-linked giycoside).

[0518} The saccharide (including but nat limited to, glycosyl) moieties can be added to the non-natural aminoe
acid polypeptides either in vivo or iz vitro. In some embodiments, 2 polypeptide comprising an aromatic amine-
containing non-natural amino acid is modified with a saccharide derivatized with ‘an aldehyde group to generate the
corresponding plycosylated polypeptide linked via an amine finkage. In other embodiments, a polypeptide
comprising a protected aldehyde-containing non-natural amine acid which, upon .dcprotccdon, is modified with a
saccharide derivatized with an aromatic amine group to generate the corresponding glycosylated polypeptide linked
via an amine linkage. Once attached to the non-natural amino acid, the saccharide may be ﬁxrther claborated by
treatment with giycosyltransferases and other enzymes to generate an ohgosaccharxde bound to the non-natural
amino acid polypeptide. See, €.5., H. Liy, etal. J Am, Chein, Soc. 125: 1702-1703 (2003).

M. Use of Lénking Groups and Applica!lans, Including Polypeptide Dimess and Multimers

[8519]) In addition to adding functionality directly to the non-natural amino acid polypeptide, the non-natural
amino acid portion of the polypeptide may first be modified with a multifunctional (e.g., bi-, tri, tetra-) linker
molecule that then subsequently is further modified, That is, at least one end of the multifunctional linker molecule
reacts with at least one ron-natural amino acid in a polypeptide and at least one other end of the multifunctional
linker is available for furthér functionalization. If all ends of the multifunctional linker are identical, then (depending
upon the stoichiometric conditions) homomultimers of the non-natural amino acid polypeptide may be formed. If the
ends of the multifunctional linker have distinct chemical reactivities, then at least one end of the multifunctional
linker group will be bound to the non-natusal amino acid polypeptide and the other end car subsequently react with
a different functionality, including by way of example only: a label; a ;lye; a polymier; a water-sojuble polymer; a
derivative of polyethylene glycol; a photocrosslinker; a cytotoxic compound; a drug; an affinity Jabel; a
photoaf’ﬁnity label; a reactive compound; a resin; a second protein.or.polypeptide or polypeptide analog; an antibody
or antibody fragment; a metal chelator; 2 cofactor; a fatty acid; a carbohydrate; 2 polynucleotide; a DNA; a RNA; an
antisense polynucleotide; a saccharide, a water-soluble dendrimer, 2 cyclodextrin, a biomaterial; a nanopatticle; a
spin label; a fluorophore, 2 metal-coniaining mofety: a radicactive moiety; a novel functional group; a group that
covalently or noncovalently interacts with other -molecules; & photocaged moiety; an actinic radiation excitable

. moiety; a ligand; 2 photoisomerizable moisty; biotin; a biotin analogue; a moiety tncorporating a heavy atom; a

chemically cleavable group; a photocleavable group; an elongated side chain; a carbon-linked sugar; a redox-active
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agent; an amino thioacid; a toxic moiety; an isotopically labeled moijety; 8 biophysical probe; a phosphorescent '

group; a chemiluminescent group; an electron dense group; a magnetic group; an intercalating group; a --°

chromophore; an energy transfer agent; 2 biologically active agent; a detectable Jabel; a small molecule; an
inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative of biotin; quantum dot(s); a
nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, 2 virus, an adjuvant,‘an aglycan, an *
allergan, an angiostatin, an antihormens, an antioxidant, an aptamer, a guide RNA, a sapenin, a shuitle vector, 2
macsomolecule, 2 mimotope, a receptar, 2 raverse micelle, and any combination thereof,
{0528} The multifunctional linker geoup has the general structure:

' X—Lf— L —W

X1v)
wherein:
each X is an aldehyde or an aromatic amine;
each L is independently selected from the group consisting of alkylene, substituted alkylene,
alkenylene, substituted alkenyleae, -0, -O-(alkylene or substituted alkylene)-, -8, -8+
(alkylene or substituted alkylene)-, -S(O)- where k is 1, 2, or 3, -S(O)(alkylene or
substituted atkylene)-, -C(0)-, -C(O)-(alkylene or substituted alkylent)-, ~C(S)-, ~C(S)-
{alkylene or substituted alkylene)-, -N(R>)-, “NR*~(alkylene or substituted alkylene)-,
~C{OYN(R?)-, -CON(R?)-(alkylene or substituted alkylenc)-, -(alkylene or substituted
’ alkyleng)NR*C(0)O-(alkylene or substituted alkylene)-, -O-CON(R")-{alkylene or substituted
alkylene)-, ~CSN(R?)-, -CSN(R™)-(alkylene or substituted alkylene)-, -N(R’)CO-(alkylene or
substituted alkylene)-, -N(R’)C(0)O-, -N(R’)C(O)O-(nlk)"lene or substituted alkylene)-,
-S(OXN(R")-, ~“N(R*YC(OIN(R")-, -N(R YC{OIN(R*)-(alkylene or substituted alkylenc)-,
NRICE)NR?)-, -NRSO)NR’)-, NR)-N=, -CR)=N-, -CRI=N-NR’)-, -C(R")=N-
N=, -C(R")2-N=N-, and -C(R*)2-NR")-N(R")-;
wherein R” is independently H, alkyl, or substituted alkyl;
L, is optional, and when present, is ~C(R’),-NR’-C(Q)O-(alkylene or substituted alkylene)- where
pis0,1,0r2;
W isan z;ldehyde or an aromatic amine; and n is 1 to 3.
{6521} The methods and compositions described hercin aiso provide for polypeptide combinations, such as
homedimers, heterodimers, homomultimers, or heteromubltimers (i.¢., trimers, t;.tramers, ete.). By way u? example
only, the following description focuses on the GH superger;e family members, however, the methods, techniques
and compositions described in this secfion can be zpplied to virtually any other polypeptide which can provide
benefit in.the form of dimers and multimers, including by way of example only; alpha-1 antitrypsin, angiostatin,
antthemolytic factor, antibody, apolipoprotein, apoprotein, atrial natriuretic factor, airial natriuretic polypeptide,
atrial peptide, C-X-C chemokine, 'I‘3976.5, NAP-Z,. ENA-78, gro-a, gro-b, gro-c, IP-10, GCP-2, NAP-4, SDF-1, PF4,
MIG, calcitonin, c-kit ligand, cylokine, CC chemokine, monocyic chemoatiractant protein-1, monocyte
chemoattractant protein-2, monocyte chemoattractant protein-3, }nonooyte inflammatory protein-1 alpha, monacyte
inflammatory protein-i beta, RANTES, 1309, R83915, R91733, HCC1, T58847, D31065, T64262, CD40, CD40
ligand, c-kit ligand, collagen, colony stimulating factor (CSF), complement factor Sa, complement inhibitor, '
_complcmenf receptor 1, cytokine, epithelial neutrophil activating peptide-78, MIP-16, MCP-1, epidermal growth
factor {(EGF), epithelial.neutrophi_l activating peptide, erythropoietin (EPQ), exfoliating toxin, Factor IX, Factor VII, _
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Factor V111, Factor X, fibroblast growth factor (FGF), fibrinogen, fibronectin, four-hefical bundle protein, G-CSF,
glp-1, GM-CSF, glucocerebrosidase, gonadotropin, growth faétor, growth factor receptor, grf, hedgehog protein,
hemoglabin, hepatocyte growth. factor (hGF), hirudin, human growth hormone (hGi—l), hurnan serum albumin,
-ICAM-1, ICAM-1 receptor, LFA-1, LFA-1 receptor, insulin, insulin-like growth factor (JGF), IGF-I, 1GF-I],
interferon (IFN), IFN-alpha, IFN-beta, IFN-gamma, any interferon-like moiecule or member of the IFN family,
interleukin (L), JL-1, 1L-2, IL-3, T4, IL~5, JL~6, L7, JL-B, IL-9, 1L-10, IL-11, YL-12, keratinocyte growth factor
(KGF), lactoferrin, leukemia inhibitory factor, Iuciferase, neurturin, neutrophil inhibitory factor (NIF), oncostatin M,
osteogenic protein, oncogené product, paracitonin, parathyroid hormone, PD-ECSE, PDGF, peptfde hormone,
pleiotropin, protein A, protein G, pth, pyrogenic exotoxin A, pyrogenic exotoxin B, pyrogenic exotoxin C; pyy,
refaxin, renin, SCF, small biosynthetic protein, soluble complement receptor I, soluble I-CAM 1, soluble interleukin
receptor, soluble TNF receptor, scmatomedin, somatostatin, somatotropin, streptokinase, superantigens,
staphylococeal enterotoxin, SEA, SEB, SECI, SEC2, SEC3, SED, SEE, steroid hormone receptor, superoxide
dismitase, toxic shock syndrome toxin, thymosin alpha 1, tissue plasminogen activator, tumor growth factor (TGF),
tumor necrosis factor, tumor necrosis factor alpha, tumor necrosis factor beta, tumor necrosis factor receptor
(TNFR), VLA=4 protein, VCAM-1 protein, vascular endothelial growth factor (VEGF), urokinase, mos, ras, raf,
met, p53, tat, fos, myc, jun, myb, rel, estrogen receptor, progesterone receptor, testosterone receptor, aldosterone
receptor, LDL receptor, and corticosterone. . ’

[0522) Thus, encompassed within the methods, techniques and compositions described herein are a GH
supergene family member polypeptide containing one or. more non-natural amino acids bound to another GH
supergene family mesmber or variant thereof or any other polypeptide that is a non-GH supergene family member or
variant thereof, either directly to the polypeptide backbone or via a linker. Due to its increased molecular weight
compared to monomers, the GH supergene family member dimer or multimer conjugates may exhibit new or
desirable prqperties, including but not limited to different pharmacoelogical,’ pharmacokinetic, pharmacodynamic,
‘modulated therapeutic half-life, or modulated plasma half-life relative to the monomeric GH supergene family
member, In some embodiments, the GH supergene family member dimers described herein will modulate the
dimerization of the GH supergene family member receptor. In other embodiments, the GH supergene family
member dimers or multimers described herein will act as a GH supergene family member receptor antagonist,
agonist, or modulator. )

10523} In some embodiments, the GH supergene family member polypeptides are linked directly, including but
not limited to, via an Asn-Lys amide linkage or Cys-Cys disulifi de linkage. In some embediments, the linked GH
supergene family member polypeptides, andlor the linked non-GH supergene family member, will comprise

, different non-natural amino acids to facilitate dimerization, including but not limited to, a first GH supergene family

member, and/or the linked non-GH supergene family member, polypeptide comprising an aromatic amine-
containing non-natural amine acid conjugated to a second GH sux;ergene family member polypeptide comprising a
aldehyde-containing non-natural amino acid and the palypeptides are reacted via reductive alkylation, forming an
amine linkage between the two, )
{0524) Alternatively, the two GH supergene family member polypeptides, and/or the linked non-GH supergene
family members, are linked via a linker. Any hetero- or homo-bifunctional linker can be used to link the two GH
supergene family members, and/or the linked non-GH supergene family member, polypeptides, which can have the
same or different primary sequence. In some case.s, the linker used to tether the GH supergene family member,
and/or the finked non-GH supergene family member, polypeptides together can be a bifunctional PEG reagent.

156



10

15

20

AV 3

{0525) In some embodiments, the methods and compositions described herein provide for wates-soluble
bifunctional linkers that fiave a dumbbell structure that includes: a) aJdehyde-containi}zg moiety on at Jeast a first end
of a polymer backbone; and b} at least 2 second functional group on a second end of the polymer backbone. The
second functional group can be the same or different as the first functional group. The second functionsl group, in
some embadiments, is not reactive with the first functiorial group. The methods and compositions described herein
provide, in some embodiments, water-soluble compounds that comprise at least one arm of a branched molecular
structure. For example, the branched molecular structure can be dendritic.
{65261 In some embodiments, the methods and compositions deseribed herein provide muitimers comprising
one or more GH supergene family member formed by reactions with water soluble activated polymers thet have the
structure:

. Re(CH2CHZ0),-O-(CHa)m-X
wherein n is from about 5 to about 3,000, m is 2-10, X{ can be a carbony! (including an aldehyde)-containing moiety,
and R is a capping group, a functional group, or a leaving group that can be the same or different as X. R can be, for
example, a functional® group selected from the group consisting of hydroxyl, protected hydroxyl, alkoxyl, N
hydroxysuccinimidyl ester, l-benzouiaz:)lyl ester, N-hydroxysuccinimidyl carbonate, 1-benzotriazolyl carbonate,
acetal, aldehyde, aldehyde hydrates, alkenyl, acrylate, methacrylate, acrylamids, active sulfone, amine, amincoxy,
protected amine, hydrazide, protected hydrazide, protected thiol, carboxylic acid, protected carboxylic acid,
isocyanate, isothiocyanate, maleimide, vinylsulfone, dithiopyridine, vinylpyridine, iodoacetamide, epoxide,
glyoxals, diones, mesylates, tosylates, and tresylate, alkene, and ketone.
4 Example of Adding Functionality: Easing thie Iselation Properiies of u Polppeptide
10527} A naturally-occurring or non-natural amino acid polypeptide may be difficult to isofate from a sample
for a number of reasons, including but not fimited to the solubility or binding characteristics of the polypeptide. For
example, in the preparation of a polypeptide for therapeutic use, such a polypeptide may be isolated from a
recombinant system that has been engineered to overproduce the polypeptide. However, because of the solubility or
binding characteristics of the polypeptide, achieving a desired level of purity often proves difficult. The methods,
compositions, techniques and strategies described herein provide a solution to this situation.
{0528} Using the methods, compositions, techniques and strategies described herein, one of skill in the art can
produce an alkylated amine-containing non-natural amino acid polypeptide that is homologous to the desired
polypeptide,” wherein the.alkylatcd amine-containing non-natural amino acid polypeptide has improved isolation
chigracteristics. In one embodiment, a homologous non-natural amino acid polypeptide is produced biosynthetically.
In a further or additional embodiment, the non-natural amino acid has incorporated into its structure one of the non-
natural amino acids described herein. In a further or additional embodiment, the non-natural amino acid is
incorp;orated at a terminal or internal position and is further incorporated site specifically, .
[6529] In one embodiment, the resulting non-natural amino acid, as produced biosynthetically, aiready has the
desired improved isolation characteristics. In further or additional embodiments, the non-natural amino acid
comprises an amine linksge to a group that provides the improved isolation characteristics. In further or additional
embodiments, the non-natural amino acid is further modified to form an alkylated amine-containing non-natural
amino acid polypeptide, wherein the modification provides an amine tinkage to a group that provides the improved
isolation characteristics. In some embodiments, such a group is divecily linked to the pon-natural amino acid, and in
other embodiments, such 2 group is.linked via a linker group to the non-natural amino acid. In cerfain embodiments,
such a group is connected to the non-natural aminoe acid by a single chemical reaction, in other embodiments a series
of chemical reactions is required to connect such a group to the non-natural amino acid. Preferably, the group
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imperting improved isolation characteristics is linked site specifically to the non-natural amino acid in the non-
natural amino acid polypeptide and is not linked to a naturally occurring amino acid under the reaction conditions
utilized, '

10530] In further or additional embodiments the resulting non-natural amino acid polypeptide is homelogous to
the GH supergene family inembers, however, the metheds, techniques and compositions described in this section
can be applied to virtually any other polypeptide which can benefit from improved isolation characteristics,
including by way: of example only: alpha-1 antitrypsin, angjostatin, antihemolytic factor, antibody, apolipoprotein,
apoprotein, atrial natriuretic factor, atria) natriuretic polypeptide, atrial peptide, C-X-C chemokine, T39765, NAP-2,
ENA-78, gro-a, gro-b, gro-c, II"-]O, GCP-2, NAP-4, SDF-1, PF4, MIG, calcitonin, ¢-kit ligand, cytokine, CC
chemokine, monocyte chemoatiractant protein-1, monocyte chemoattractant protein-2, monocyte chemaattractant
protein-3, monocyte inflammatory protein-1 alpha, monocyte inflammatory protein-i beta, RANTES, 1309, R83915,
RS1733, HCC1, T58847, D31065, T64262, CD40, CD40 ligand, c-kit ligand, collagen, cclony stimulating factor
(CSF), camplement factor 5z, complement inhibitor, complement receptor 1, cytokine, epithelial neutrophil
activating peptide-78, MIP-16, MCP-1, epidermal growth factor (EGF), epithelial neutrophil activating peptide,
erythropoietin (EPO), exfoliating toxin, Factor IX, Factor VI, Factor V1], Factor X, fibroblast growth factor (FGF),
fibrinogen, fibronectin, four-helical bundle protein, G-CSF, glp-1, GM-CSF, glucocerebrosidase, gonaEiotropin,
growth factor, growth factar receptor, grf, hedgehog protein, hemoglobin, hepatocyte growth factor (hGF), hirudin,
human growth hormone (hGH), human serum albumin, ICAM-1, ICAM-1 receptor, LRA-1, LFA-1 receptor, insulin,
insulin-like growth factor (IGF), IGF-1, IGF-I1, interferon (IFN), IFN-alpha, IFN-beta, lFN-gamma., any interferon-
like: inolecule or memberof the IFN family, interleukin (IL), IL~1, IL-2, 1L-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, 1L~
10, JL-11, 1L-12, keratinocyte growth factor (KGF), lactoferrin, leukemia inhibitory factor, luciferase, neurturin,
neutrophil inhibitory factor (NIF), oncostatin M, osteogenic protein, oncogene product, paracitonin, parathyroid
hormone, PD-ECSF, PDGF, peptide hormone, pleiotropin, protein A, protein G, pth, pyrogenic exotoxin A,
pyrogenic exotoxin B, pyrogenic exotoxin C, pyy, relaxin, renin, SCF, small biosynthetic protein, soluble
complement receptor I, soluble I-CAM 1, soluble interlevkin receptor, soluble TNF receptor, somatomedin, -
sornatostatin, somatotropin, streptokinase, superantigens, staphylococeal enterotoxin, SEA, SEB, SECI, SEC2,
SEC3, SED, SEE, steroid hormone receptor, superoxide dismutase, toxic shock syndrome toxin, thymosin alpha 1,
tissue plasminogen activator, tumor growth factor (TGF), tumor necrosis factor, tumor necrosis factor alpha, tumor
necrosis factor beta, tumor necrosis factor receptor (TNFR), VI.A-4 protein, VCAM-1 protein, vascular endothelial
growth factor (VEGF), urokinase, mos, ras, raf, met, p53, tat, fos, mye, jun, myb, rel, estrogen receptor,
progesterone receptor, testosterons receptor, aldosterone receptor, LDL receptor, and corticosterane.

[0531]  In further or additional embodiments, the group imparting improved isolation characteristics improves
the water solubility of the polypeptide; in other embodiments, the group improves the binding properties of the
polypeptide; in other embodiments, the group provides new binding properties to the polypeptide (including, by way
of example only, @ biotin group or a biotin-binding group). In embodiments wherein the group improves the water
solubility of the polypeptide, the group.is sc’lcctcd from the water soluble polymers described herein, including by
way of example only, any of the PEG polymer groups described hesein.

J. Example of Adding Funciionality: Delecting the Presence of a Polypeptide

[0532) A naturally-occurring or non-natural amino acid polypeptide may be difficult to défect in a sample
(including an in vivo sample and an in vifro sample) for a number of reasons, including but not limited to the lack of
a reagent or Jabel that can readily bind to the polypeptide. The methods, compositions, techniques and strategies
described herein provide 2 solution to this situation,
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[0533] Using the methods, compositions, techniques and strategies described herein, one of skill in the art can
produce an alkylated amine-containing non-natural amino acid polypeptide that is homologous to the desired
polypeptide, wherein the alkylated amine-containing non-natural aminoe ‘acid pBlypcptide allows the detection of the
polypeptide in an in vivo sample and an in vitro sample. In one embodiment, a homologous non-natural amino acid
5 ° polypeptide is produced biosyntheticaily, In a further or additional embodiment, the non-natural amino acid has
incorporated nto its structure one of the non-natural amino acids descriiaeq herein. In a forther or additional
embodiment, the non-natural amino acid is incorporated at a terminal or internal position and is further incorporated
site specifically. ’ ) . .
[0534] In one embodiment, the resulting non-natural amino acid, as produced biosynthetically, already has the
10 desired detection characteristics. In further or additional embadiments, the non-natural aminAo acid comprises an
amine linkage to a group that provides the improved detection characteristics. In further or additional embodiments,
the non-natural amino acid is further modified to form an alkylated amine-containing non-natural amino_acid
polypeptide, wherein the nfodiﬁcation provides an amine linkage to 2 group that provides the improw':d detection
characteristics. In some embodiments, such a group is directly linked to the non-natural amino acid, and in ;)thcr
15  cmbodiments, such a group is linked via a linker group to the non-natural amino acid. In cerfain embodiments, such
a group is connected to the non-natural amino acid by a single chemical reaction, in other embodiments a series of -
chemical reactions is required ta connect such a group to the non-natural amino acid. Preferably, the group
imparting improved detection characteristics is linked site specifically to the non-natural amino acid in the non-
natural amino acid polypeptide and is not linked to a naturally occurring amino acid under the reaction conditions
20 utilized, . » )
[0535] In further or additional embodiments the resulting non-natural amino acid polypeptide is homologous to
the GH éupergene family members, however, the methods, techniques and compositions described in this section
can be applied to virtually any other polypeptide which needs to be detected in an in vivo sample and an in vitro
sample, including by way of cxample only: alpha-1 antittypsin, angiostatin, éntihemolytic factor, antibody,
25 apolipoprotein, apoprotein, afrial natriuretic factor, atrial natriuretic poiypcl?h‘de, atrial peptide, C-X-C chemokine,
T39765, NAP-2, ENA-78, gro-a, gro-b, gro-c, IP-10, GCP-2, NAP~4, SDF-1, PF4, MIG, calcitonin, c=kit ligand,
cytoking, CC chemokine, monocyte chemoativactant protein-1, monocyte. chemoattraciant protein-2, monotyte
. chemoattractant protein-3, monocyte inflammatory protein-f alpha, monocyie inflammatory protein-i beta,
RANTES, 1309, R83915, R91733, HCCI, T58847, D31065, T64262, CD40, CD40 ligand, c-kit ligand, collagen,
0 colony stimulating factor (CSF), complement factor Sa, complement inhibitor, complement receptor 1, cytokine,
epithelial neutrophil activating peptide-78, MIP-16, MCP-1, epidermal growth factor (EGF), epithelial neutrophil
activating peptide, erythropoietin (EPQ), exfoliating toxin, Factor IX, Factor VII, Factor VI, Factor X, fibroblast
growth factor (FGF), fibrinogen, fibronectin, four-helical bundle protein, G-CSF, glp-1, GM-CSF,
. glucocerebrosidase, gonadotropin, gvowth factor, growth factor receptor, grf, hedgehog protein, hemoglobin,
5 hepatocyte growth factor (hGF), hirudin, human growth hormone (hGH), human serum albumin, [CAM-1, ICAM-1
receptor, LFA~1, LFA-] receptor, insulin, insulin-like growth factor (IGF), IGF-I, IGF-I}, interferon (IFN), IFN-
alpha, IFN-beta, IFN-gamma, any interferon-like molecule or member of the IFN family, interleukin (IL), IL-1, IL~
2, IL-3, L4, IL-5; IL-6, 117, IL-8, IL-9, IL-10, IL-11, 1L-12, keratinocyte growth factor (KGF), lacteferrin,
leukemia inhibitory factor, luciferase, neurturin, nentrophil inhibitory factor (NIF), oncostatin M, osteogenic protein,
) oncogene product, paracitonin, parathyreid ‘hormone, PD-ECSF, PDGF, peptide hormone, pleiotropin, protein A, i
protein G, pth, pyrogenic exotoxin A, pyrogenic exotoxin B, pyrogenic exotoxin C, pyy, relaxin, renin, SCF, small
biosynthetic protein, soluble complement receptor 1, soluble I-CAM 1, soluble interleukin receptor, sojuble TNF
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receptor, somatomedin, somatostatin, sematotropin, streptokinase, superantigens, staphylococcal enterotoxin, SEA,
SEB, SEC1, SEC2, SEC3, SED, SEE, steroid harmone receptor, superoxide dismutase, toxic shock syndrome toxin,
thyrnosin alpha 1, tissue plasminogen activator, tumor growth factor (TGF), tumor necrosis factor, tumor necrosis
factor alpha, tumor necrosis factor beta, tumor necrosis factor receptor (TNFR), VLA-4 protein, VCAM-1 protein,
vascular endothelial growth factor (VEGF); urokinase, mos, ras, raf, met, p53, tat, fos, myc, jun, myb, rel, estrogen
receptor, progesterone receptor, testosterone receptor, aldosterone receptor, LDL receptor, and corticosterone.

{0536] In further or additional embodiments, the group imparting improved detection characteristics is selected

‘from the group comsisting of a label; a dye; an affinity Jabel; a photoaffinity label; a spin label; a fluorophore; a

radioactive moiety; a moiety incorporating a heavy atom; an isotopically labeled moiety; a biophysical probe; a
phosphorescent group; a chemiluminescent group; an electron dense group; a. magnetic group; a chromophore; an
energy transfer agent; a detectable Jabel; and any combination of the above. ’

X - Example of Adding Functionality: Improving the Therapeatic Properties of a Polypepltide
1053%] A naturally-sccurring or non-natural amino acid polypeptide will be able to provide a certain therapeutic
benefit to a patient with a particular disorder, disease or condition. Such 2 therapeutic benefit will depend upon a
number of factors, including by way of example only: the safety profile of the polypeptide, and the
pharmacokinetics, pharmacologics and/or pharmacodynamics of the polypeptide (e.g., water solubility,
bioavailability, serum haiflife, therapeutic halfdlife, immunogenicity, biological activity, or circulation time). In
addition, it may be advantageous to provide additional functionality to the po]ypepti;ie, such as an attached cytotoxic
compound or drug, or it may be desirable to attach additional polypeptides to form the homo- and heteromultimers
described herein. Such modifications preferably do not destroy the acti\{ity and/or tertiary structure of the original
polypeptide. The methods, compositions, techniques and strategies described herein provide solutions to these
issues, .

[0538] Using the methods, compositions, techniques and strategies described herein, one of skill in the art can
produce an alkylated amine-containing non-natural amino acid polypeptide that is homologous to the desired
polypeptide, wherein the alkylated amine-containing non-natural amino acid polypeptide has improved therapeutic
characteristics. In one embodiment, a homologous non-natural amino' acid polypentide is produced biosynthetically,
In 2 further or additiona) embodiment, the non-natural amino acid has incorporated into its structure one of the non-
natural amino acids described herein. In a further or additional embodiment, the non-natural émil:w acid is
incorporated at a terminal or internal position and is Turther incorporated site specificaily.

105391 In one embodime‘nt, the resulting non-natural amine acid, as produced biosynthetically, already has the
desired improved therapeuti:: characteristics. In further or 2dditional embodiments, the non-natural amino acid
comprises an amine linkage to a group that provides the improved therapeutic characteristics. In further or additional
embodiments, the non-natural amino acid is further modified to form an alkylated amine-containing non-patural
amino acid polypeptide, wherein the modification provides an amine linkage to a group that provides the improved
therapeutic characteristics. In some embodiments, such a group is direcily linked to the non-natural amino acid, and
in other embodiments, such 2 group is linked via a linker group to the non-natural amino acid, In certain
embodiments, such a group is connected to’the non-natural amino acid by a single chemical reaction, in other
embodiments a series of chemical reactions is required to connect such a group to the non-natural amino acid.
Preferably, the group mparting improved therapeutic characteristics is linked site specifically to the non-natural
amino acid in the non<natural amino acid polypeptide and is not linked to a naturally occurring amino acid under the
reaction conditions utilized, -
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{0540} In further or additional embodiments the resulting non-natural amina acid polypeptide is homologous to

the GH supergene family members, however, the methods, techniques and compositions described in this section

ean be applied to virtually any other polypeptide which can benefit from jmproved therapeutic charactcristfcs,

including by way of example only: alpha-1 antitrypsin, angiostatin, antthemolytic factor, antibody, apolipoprotein,

apoprotein, atvial natriaretic factor, atrial natriuretic polypeptide, atrial peptide, C-X-C chemokine, T39765, NAP-2,

ENA-78, gio-a, gro-b, gro-c, IP-10, GCP-2, NAP-4, SDF-1, PF4, MIG, calcitonin, c-kit ligand, cytokine, CC
chemoking, monocyte chemoatiractant protein-1, monocyte -chernoatiractant protein-2, monocyte chemoattractant
protein-3, monocyte inflammatory protein-1 alpha, monocyte inflammatory protein-i beta, RANTES, 1309, R83915,

R91733, HCCI, T58847, D3)065, T64262, CD40, CD40 ligand, c-kit ligand, collagen, colony stimulating factor
(CSF), complement factor 5a, complement inhibitor, complement receptor 1, cytokine, epithetia) neutrophil

activating peptide-78, MIP-16, MCP-1, epidermal growth factor (EGF), epithelial neutrophil activating peptide,

erythropoietin (EPO), exfoliating _toxin, Factor IX, Factor VI, Factor VIII, Factor X, fibroblast growth factor (FGF),

fibrinogen, fibronectin, four-helical bundle protein, G-CSF, gip-l, GM-CSF, glucocerebrosidese, gonadotropin,
growth factor, growth factor receptor, grf; hedgehog protein, hemoglobin, hepatocyte growth factor (hGF), hirudin,

human growth hormone (hGH), human serum albumin, 1ICAM-1, ICAM-1 receptor, LFA-1, LFA-1 receptor, insulin,
insulin-like growth factor (JGF), 1GF-], IGF-II, interferon (IFN), IFN-alpha, IFN-beta, IFN-gamma, any interferon«
like molecule or member of the IFN family, interleukin {IL), IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, 1L-9, TL-
10, IL-11, IL-12, keratinocyte growth factor (KGF), lactoferrin, leukemia inhibitory factor, luciferase, neurturin,

neutrophil inhibitory factor (NIF), oncosiatin M, osteogenic protein, oncogene product, paracitonin, parathyroid
hormone, PD-ECSF, PDGF, peptide hormone, pleiotropin, protein A, protein G, pth, pyrogenic exotoxin A,

pyrogenic exotoxin B, pyrogenic cxotoxin €, pyy, relaxin, renin, SCF, small biosynthetic protein, soluble
complement receptor’ I, soluble 1-CAM 1, soluble interlevkin receptor, soluble TNF receptor, somatomedin,

somatostatin, somatotropin, streptokinase, superantigens, staphylococcal enterotoxin, SEA, SEB, SECI1, SEC2,

SEC3, SED, SEE, steroid hormone recepior, st;peroxide dismutase, toxic shock syndrome toxin, thymosin alpha 1,

tissue plasminogen activator, tumor growth factor (TGF), tumor necrosis factor, tumor necrosis factor alpha, tumor
necrosis factor beta, tumor necrosis factor receptor (TNFR), VLA-4 protein, VCAM-1 protein, vascular endothelial
growth factor {(VEGF), urokinase, mos, ras, raf, met, p53, tat, fos, myc, jun, myb, rel, estrogen receptor,
progesterone receptor, testosterone receptor, aldosterane receptor, LDL receptor, and corticosterone, .

(0541} In forther or additional embodiments, the group imparting improved therapeutic characteristics improves

the water solubility of the polypeptide; in other embadiments, the group improves the binding properties of the
polypeptide; in other embodiments, the éroup provides new binding broperties io the polypeptide (including, by way
of example only, ‘2 biotin group or a biotn-binding group}. In embodiments wherein the group improves the water
solubility of the polypeptide, the group is selected from the water s'oluble polymers described herein, including by
way of example only the PEG polymer groups. In further or additional embodiments the group is a cytotoxic
compound, whereas in other embodiments the group is a drug, In further embodiments the linked drug or cytotoxic
compound can be cleaved from the non-natural amino acid polypeptide so as to defiver the drug or cytotoxic
compound to a desired therapeutic location. In other embodiments, the group is a second polypeptide, including by
way of example, an alkylated amine-containing non-natural amino acid polypeptide, further including by way of
example, a polypeptide that has the same amino acid structure as the first non-natural amino acid polypeptide.

{0542} In further or additional embodiments, the alkylated amine-containing non-natural amino acid.
polypeptide is a modified alkylated amine-containing non-natural amino acid polypeptide. In further ar additional
embodiments, the alkylated amine-containing non-natural amino acid polypeptide increases the bioavailability of the
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polypeptide relative to the homologous -naturally-occusring amino acid polypeptide. In further or additional
embodiments, the alkylated amine-containing non-natural amine acid polypeptide increases the safety profile of the
polypeptide relative to the homologous naturally-occurring amino acid polyp‘eptide. In further or additional
embodiments, the alkylated amine-containing non-natural amino acid polypeptide increases the water solubility of
the polypeptide relative to the homologous naturally-occurring amino acid polypeptide. Tn further or additional
embodiments, the alkylated amine-containing non-natural amino acid polypeptide increases the therapeutic half-life
of the polypeptide relative to the homologous naturally-cccurring amino acid polypeptide. In further or additional
embodiments, the alkylated amine-containing non-natural amino acid polypeptide increases the serum haif-life of
the polypeptide relative to the homologous naturally-occurring amino acid polypeptide. In further or additional
embodiments, the alkylated amine-containing non-natural amino acid polypeptide extends the circulation time of the
polypeptide relative to the homologous naturally-occurring amino acid polypeptide, In further or additional
embodiments, the alkylated amine-co;rtaining non-natural amino acid polypeptide modulates the biclogical activity
of the polypgptidc relative to the homologous naturally-occurring amino acid polypeptide. In further or additional
embodiments, the alkylated amine-containing non-natural amino acid polypeptide modulates the immunogenicity of
the polypeptide relative to the homologous naturally-occurring amino acid polypeptide.

XI. - Therapeuiic Use.;' of Modified Polypepiides

105431 For convenience, the “modified or unmodified” non-natural polypeptides described in this section have
been described generically and/or with specific examples. However, the “mmodified or unmodified” non-natural
polypeptides described in this section should not be limited to just the generic descriptions or specific example
provided in this section, but rather the “modified or unmodified” non-natural polypeptides described in this section
apply equally well to all “modified or unmodified” non-natural polypeptides comprising at least one amino acid
which falls within the scope of Formulas (A)-(E) and (})-(XVI), including any sub-formulas or specific compounds
that fall within the scope of Formulas (A)-(E) and (X)-(XVI) that are described in the specification, claims and
figures herein. ) ' t

10544} The modified or unmodified non-natural amino acid polypeptides described herein, including homo-and
hetero-multimers thereof find muiltiple vses, including but not limited to: therapeutic, diagnostic, assay-based,
industrial, cosmetic, plant biblogy, environmental, energy-production, and/or military uses. As a non-limiting
illustration, the following therapeutic uses of modified or unmodified non-natural amino acid polypeptides are
provided. -

[0545] The modified or unmodified non-natural amino acid polypeptides described herein are usefil for treating a
wide range of disorders, conditions, or diseases. Administration of the modified or unmodified non-natural amino
acid polypeptide products described herein results in any of the activitics demonstrated by commercially available
polypeptide preparations in humans. Average quantities of the modified or unmodified non-natural amino acid
polypeptide product may vary and in particular should be based upon the recommendations and prescription of a
qualified physician. The exact amount of the modified or unmodified non-natural amino acid polypeptide is a matter
of preference subject to such factors as the exact type of condition being treated, the condition of the patient being
treated, as well as the other ingredients in the compasition. The amount to be given may be readily determined by
one skilled in the art based upon therapy with the modified or unmedified non-natural amino acid polypeptide.

A. Administration and Pharmacentical Compositions

[0546])' The “modified or unmodified” non-natural amino acid polypeptides described herein, including homo~ and
hetero-multimers thereof find multiple uses, including but not limited to: therapeutic, diagnostic, assay-based,
industrial,. cosmetic, plant biology, environmental, energy-production, and/or military uses. As a non-limiting
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" illosfration, the following therapeutic uses of “modified or unmodified” non-natural amino acid polypeptides are
provided.
[0547] The “modified or unmodified” non-natural amine acid polypeptides described hercin are useful for treating

a wide range of disorders. Administration of the “modified or unmodified” non-natural amino acid polypeptide
products described herein results in any of the activities demonstrated by ‘commercially available polypeptide
preparations in humans, Average quantities of the “modified or unmodified” non-natural amino acid polypeptide
product may vary and in particular should be based upon the recommendations and prescription of a qualified
physician. The exact amount of the “maodified or unmodified” non-natural amine acid polypeptide is 2 matter of
preference subject to such factors as the exact type of condition being treated, the condition of the patient being
tm.ated, as well as the other ingredients in the composition. The amount to bs given may be readily determined by
one skilled in the art based upon therapy with the “madified or unmodified” non-natural amine acid polypeptide.

{0548] The non-natural amine acid polypeptides, modified or unmedified, as described herein (including but not
limited to, synthetases, proteins compyising on¢ or more non-natural amino acid, etc.) are optionally employed for
therapeutic uses, including but not limited to, in combination with a snitable pharmaceutical carrier. Such
compositions, for example, comprise a therapeutically effective amount of the non-natural amino acid polypceptides,
modified or unmodified, as described herein, and a phanmaceutically acceptable carrier or excipient. Such a casrier

or exciplent includes, but is not limited Yo, saline, buffered saline, dextrose, water, glycerol, ethanol, and/or

combinations thereof. The formulation is made fo swit the mode of adminisation. In general, methods of
administering proteins are well known in the art and can be applied to administration of the non-natural amine acid
polypeptides, modified or unmedified, as described herein.

[0549] Therapeutic compositions comprising one or more of the non-natural amino acid polypeptides, modified or
unmodified, as described herein. 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 activity, stability or other suitable measures of

non-natural to natural amino acid homologues (including but not limited to, comparison of a polypeptide medified to
include one or more non-nattral amino acids to a natural amino acid polypeptide), i.e., in 2 retevant assay,

{6550] Adminisiration is by any of' the routes normally used for intraducing a malecule into ultimate cantact with
bleod or tissue cells, The non-natural amino acid polypeptides, modified or unmodified, as described herein, are
administered in any svitable manner, optionally with one or more pharmaceutically acceptable carriers, Suitable
methods of administering the non-natural amino acid polypeptides, modified or unmodified, as described herein, fo 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 than another route.

{0551} Pharmaceutically acceptable carriers are determined in part by the parficular composition being
administered, as well as by the particular method used to administer the composition. Accerdingly, there i$ a wide
varjety.of suitable formulations of pharmaceutical compositions described herein, .

[0552} The non-natural amino acid polypeptides described herein and compositions comprising such polypeptides
may be administered by any conventional route suitable for proteins or peptides, including, but not limited to
parenterally; e.g. injections including, but not Iimited to, subcutaneously or intravenously or any other form of
injections or infusions. Polypeptide pharmaceutical compositions comprising non-natural amino acid polypeptides
described herein, may be administered by a number of routes including, but not limited to oral, intravenous,
intraperitoneal, intramuscular, transdermal, subcutaneous, topical, sublingual, or rectal means. Compositions
comprising non-natural amino acid polypeptides, modified or unmodified, as described herein, can also be
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administered via liposomes. Such administration routes and appropriate formulations are generaily known to those
of skilf in the art. The non-natural amino acid polypeptides described herein, may be used alone or in combination
with other suitable components including but not limited to, a pharmaceutical carxier, .
[0553] The non-natural amino acid polypeptides, modified or unmodified, as described hcrcm, alone or in
combination with otfier 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 into pressurized acceptable

- propellants, such as dichlorodifluoromethane, propn'ne, nitrogen, and the like.

}0554) Formulations suitable for pasenteral administration, such as, for example, by intraatticula;‘ {in the joints),
intravenous, intramuscular, intradermal, intraperitoneal, 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 agents, staﬁilizers, and preservatives. The formulations of
packaged nucleic acid can be presented in unit-dose or multi-dose sealed containers, such as ampules and vials,
[0555] Parenteral administration and intravenous administration are preferred methods of administration. In
particular, the routes of administration already in use for natural amino acid homologue therapeutics (including but
not limited to, those typically used for EPO, IFN, GH, G-CSF, GM-CSF, IFNs, interleukins, antibodies, and/or any
other pharmaceutically delivered protein), along with formulations in current use, provide preferred routes of
administration and formulation for the non-natural amino acid polypepfides, modified or unmodified, as described
herein. i .

]0556] The dose administered to a patient, in the context compositions ‘and methods described herein, is sufficient
to have a beneficial therapeutic response in the patient over time. The dose is determined by the efﬁc;;;( of:the
particular formulation, and the activity, stability or serum half-life of tiw non-natural amino acid polypeptides,
modificd or unmcidiﬁcd, employed and the condition of the paticnt, as well as the body weight or surface area of the
patient to be treated, The size of the dase is also determined by the existence, nature, and extent of any adverse side-
effects that accompany the administration of 2 particular formulation, or the like in a pacticular patient.

{0557] In determining the effective amount of the formulation to be administered in the treatment or prophylaxis
of disease {including but not limited to, cancers, inherited discases, diabetes, AIDS, or the like), the physician
evaluates circulating plasma levels, formulation toxicities, progression of the disease, andfor where relevant, the
production of anti-non-natural amine acid polypeptide antibodies. .

[0558] The dose administered, for example, to a 70 Kilogram patient, is typically in the range equivalent to dosages
of currently-used therapeutic proteins, adjusted for the altered activity or serum half-life of the relevant composition.
The pharmaceutical formutations described herein can sepplement treatment conditions by any known conveational
therapy, including antibody administration, vaccine administration, administration of cytotoxic agents, natural amino
acid polypeptides, nucleic acids, nucleotide analogues, biologic response modifiers, and the Jike.

[0559] For administration, the pharmaceutical formulations described herein are administered at a rate determined
by the LD-50 or ED-50 of the relevant formulation, and/or observation of any side-effects of the non-natural amino
acid polypeptides, modified or unmodified, at various concentrations, including but not limited to, as applied to the
mass and overall health of the patient, Administration can be accomplished via single or divided doses.

[0560] If a patient undergoing infusion of a formuiation develops fevers, chills, or muscle aches, he/she 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 infusjons with either aspirin, acetaminophen, or, including but not limited to, diphenhydramine, Meperidine is
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used for more severe chills and muscle aches that do not quickly respond to antipyrefics and antihistamines. Cell
infusion is slowed or discontinued depending upon the severity of the reaction. .

[0561}] Non-natural amino acid polype;;ﬁdes, modified or unmodified, as described herein, can be administered
directly to a mammalian subject, Administration is by any of the routes normally used for intraducing a polypeptide
to a subject. The non-natural amino acid polypeptides, modified or unmodified, as described herein, include those
suitable for oral, rectal, topical, inhalation (including but not limited to, via an aerosol), buccal (including but not

* limited to, sub-lingual), vaginal, parenteral (including but not limited to, subcutaneous, intramuscular, intradermal,

intraarticular, intrapleural, intraperitoneal, intracerebral, intraarterial, or intravenous), to;.:ical (i.e., both skin ard
mucosal surfaces, including airway surfaces) and transdermal administration, although the most suitable route in any
given 'case will depend on the nature and severity of the condition being treated. Administration can be either Jocal
or systemic. The formulations can be presented in unit-dose or mulii-dose sealed containers, such as ampoules and
vials. The non-natural amino acid polypeptides, modified or unmodified, as deseribed herein, can be prepared in a

* mixture in a unit dosage injectable form (including but not limited to, solution, suspension, or emulsion) with a

pharmaceutically acceptable carrier. The non-natural amino acid polypeptides, modified or unmo&iﬁed, as described
herein, can also be administered by continuous infusion (using, including but not limi.tcd to, minipumps.such &s
osmotic pumps), single bolus or slow-release depot formulations. ‘

[0562] Formulations suitable.for administration include aqueous and non.-agueous solutions, isotonic sterile
solutions, which can contain antioxidants, buffers, bacterjostats, and solutes that render the formulation isotonic, and
agueéous and non-aqueous sterile suspensions that can include suspending agents, solubilizers, thickening agents,
stabilizers, and preservatives. Solutions and suspensions can be prepared from sterile powders, granules, and tablets
of the kind previously described.

[6563] Freeze-drying is a commonly employed technique for presenting proteins which serves to remove water
from the protein preparation of interest. Freeze-drying, or lyophilization, is @ process by which the material to be
dried is first frozen and then the ice or frozen solvent is removed by sublimation in a vacuum environment. An
excipient may be included in pre-lyophilized formulations to enhance stability during the freeze-drying process
and/or to improve stability of the lyophilized ;;roducz upon storage. Pika!, M. Biopharm. 3(9)26-30 (1990) and
Arakawa et al, Pharm. Res, 8(3):285-291 (1991). . :

[0564] The spray drying of pharmacenticals is also known ta those of ordinary skill in the art. For eiamp!e, see
Broadhead, J. et al., “The Spray Drying of Pharmaceuticals,” in Drug Dev. Ind. Pharm, 18 (11 &-12), 1169-1206
(1992). In addition to small molecule pharmaceuticals, a varjety of biological materials have been spray dried and
these include: enzymes, sera, plasma, micro-organisms and yeasts. Spray drying isa useful techniqﬁc because it car
convert a liquid pharmaceutical preparation into a fine, dustless or agglomerated powder in 2 one-step process. The
basic technique comprises the following four steps: a) atomization of the feed solution into a spray; b) spray-air
contact; ¢) drying of the spray; and d) separation of the dried product ffom the drying air, U.S. Patent Nos.
6,235,710 and 6,001,800, which are herein incorporated by reference in their entirety, describe ‘the preparation of

* recombinant erythropoietin by spray drying. P S

{6565] The pharmaceutical compositions described hersin may comprise a pharmaceutically acceptable carrier,
excipient or stabilizer. Pharmacemtically acceptable camriers 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 pharmmacecutical compositions (including optional pharmaceutically
acceptable carriers, excipients, or stabilizers) for the non-natural amino acid polypeptides, modified or unmodified,
described herein, {(see, for example, in Remington: The Science and Practice of Pharmacy, Nineteentit EA (Easton,

.
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Pa.: Mack Publishing Company, 1995); Hoover, John E., Remington’s Pharmaceutical Sciences, Mack Publishing
Co., Easton, Pennsylvania 1975; Liberman, H.A. and Lachman, L., Eds., Pharmaceutical Doszge Farms, Marcel
Decker, New York, N.Y., 1980; and Pharmaceutical Dosage Forms and Drug Delivery Systems, Seventh Ed.
(Lippincott Williams & Wilkins, 1999)). Sujtable carriers include buffers containing succinate, phosphate, borate,
HEPES, cifrate, imidazole, acetate, bic‘arbonatc, and other organic acids; antioxidants including but not limited to,
ascorbic acid; low molecular weight polypeptides including but not limited to those less than about 10 residues;
proteins, including but not limited to, serum albumin, gelatin, or immunoglobulins; hydrophilic polymers including
but got limited to, polyvinylpyrrolidone; amino acids including but not limited to, glycine, glutamine, asparagine,
arginine, histidine or histidine derivatives, methionine, glutamate, or Iysine; monosaccharides, disaccharides, and
other carbohydrates, including but not limited to, trehalose, sucrose, ghicose, mannose, or dextrins; chelating agents
including but not limited to, EDTA and edentate disodium; divalent metal jons including but not limited to, zinc,
cobalt, or copper; sugar alcohols including but not limited to, mannitol or sorbitol; salt-forning counter ions
inelyding but not limited to, sodium; andl;ar nonionic surfactants, including but not limited to Tween™ (including
but not limited to, Tween 80 (polysorbate 80) and Tween 20 (polysorbate 20), Pluronics™ and other pluronic acids,
including but not limited to, and other -pluronic, acids, including but not limited to, pluronic acid F68 (poloxamer
188), or PEG. Suitable surfactants include for example but are not limited to polyethers based upon poly(ethylene
oxide)-poly(propylene oxide)-poly(ethylene oxide), i.e., (PEQ-PPO-PEO), or poly(propylene oxide)-poly(ethylene
oxide)-poly(propylene oxide), i.e., (FPO-PEO-PPQ), or a combination thereof, PEO-PPO-PEO and PPO-PEQ-PPO
are commercially available under the trade names Pluronics™, R-Pluronics™, Tetronies™ and R-Tetronics™
{BASF Wyandotte Corp., Wyandotte, Mich.) and are further described ip' U.S. Pat. No, 4,820,352 incorporated
herein in its entirety by reference. Other ethylene/polypropylene block polymers may be suitable surfactants, A
surfactant or a combination of surfactants may be used to stabilize PEGylated non-natural amino acid polypeptides
against one or more stresses including but not limited to stress that resuits from agitation, Some of the above may be
referred to as “bulking agents.” Some may also be referred to as “tonicity modifiers.” Antimicrobial preservatives
may also be applied for product stability and antimicrobial effectiveness; suitable preservatives include but are not
limited to, benzyl alcohol, bepzatkonium chloride, metacresol, methyl/propy) parabene, cresol, and phenol, or a
combination thereof.

[0566] The neon-natural amino acid polypeptides, modified or unmodified, as described herein, including those
finked to water soluble polymers such as PEG c¢an also be administered by or as part of sustained-release systems,
Sustained-release compositions include, including but not limited to, semi-permeable polymer matrices in the form
of shaped articles, including but not limited to, films, or microcapsules. Sustained-release matrices include from
biocompatible materials such as poly(2-hydroxyethyl methacrylate) (Langer et al., J. Biomed. Mater. Res., 15: 267~
277 (1981); Langer, Chem. Tech., 12: 98-105 (1982), ethylene vinyl acétate (Langer et al., supre) or poly-D-(-)-3~
hydroxybutyric acid (EP 133,988), polylactides (polylactic acid) (U.S. Patent No, 3,773,919; EP 58,481),
polyglycolide (polymer of glycolic acid), polylactide co-glycolide (copolymers of lactic acid and glycolic acid)
polyanhydrides, copolymers of L-glutamic acid and gamma-ethyl-1~glutamate (U. Sidman ez al., Biopolymers, 22,
547-556 (1983), poly(ortha)esters, polypeptides, hyaluronic acid, collagen, chondroitin sulfate, earboxylic acids,
fatty acids, phospholipids, polysaccharides, nucleic acids, polyamino acids, amino acids such as phenylalanine,
tyrosine, Isoleucine, polynucleotides, polyvinyl propylene, polyvinylpymrolidone and silicone. Sustained-release
compositions also include a liposomally entrapped compound. Liposomes containing the compound are prepared by
methods known per se: DE 3,218,121; Eppstein et al., Proc. Natl. Acad. Sci. U.S.A., 82: 3688-3692 (1985); Hwang
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etal., Proc. Natl. Acad. Sci. U.S.A., 77: 4030-4034 (1980); EP 52,322; EP 36,676; EP 143,949; Japanese Pat. Appln.
83-118008; U.S. Pat. Nos. 4,485,045, 4,619,794, 5,021,234, and 4,544,545; and EP 102,324,

[0567] Liposomally entrapped polypeptides can be prepared by methods described in, eg., DE B,i 18,121;
Eppstein ef al., Proe. Natl, Acad, Sci, U.S.A., 82: 3688-3692 (1985); Hwang et al., Proc. Natl, Acad. Sci. U.S.A., 71T

* 4030-4034 (1980); EP 52,322; EP 36,676; EP 143,949; Japanese Pat. Appln. 383-118008; U.S. Patént Nos.

4,485,045, 4,619,794, 5,021,234, and 4,544,545; and EP 102,324. Composition and size of [jposomes are well
known or able to be readily determined empirically by one skilled in the art. Some examples of liposomes as
deseribed in, ;:.g., Park JW, et al., Proc. Natl, Acad. Sci. US4 92:1327-1331 (1995); Lasic D and Papahadjopoulos D
(eds): MEDICAL APPLICATIONS OF LIPOSOMES (1998); Drummond DC, ef al,, Liposomal drug delivery systems for
cancer therapy, in Teicher B (ed): CANCER DRUG DISCOVERY AND DEVELOPMENT (2002); Park JW, ef al., Clin.
Cancer Res. 8:1172-1181 (2002); Nielsen UB, et al., Biochin. Biophys. Acta 1591(1-3):109-118 (2002); Mamot C,
er ol., Cancer Res. 63: 3154-3161 (2003). B

[0568) The dose administered to a patient in the context of the compositions, formulations and methods described
herein, should be sufficient to cause o beneficial response in the subject over time. Geﬁera!ly, the total
pharmaceutically effective amount of the non-natural amine acid polypeptides, modified or unmodified, as described
herein, administered parenterally per dose is in the range of about 0.01 jig/kg/day to about 100 pg/kg, or about 0.05
mg/kg to about 1 mg/kg, of patient body weight, although this is subject to therapeutic discretion, The frequency of
dosing is also subject to therapeutic discretion, and may be more frequent or less frequent than the commercially
available products approved for use in humans. Generally, a polymer:polypeptidé conjugate; including by way of
example only, a PEGylated polypeptide, as described herein, can be adeministered by any of the routes of
administration described above.

[0569] In some embodiments is 2 method for treating a disorder, condition or disease comprising administering a
therapeutically effective amount of a polypepttde comprising at least one non-natural amino acid selected from the

group consisting of: °

o

Ed

wherein each R, Is independently selected from the group consisting of H, halogen, alkyl, -NO;, -CN, substituted
alkyl, -N(R")2, ~€(O)R’, -C(O}N(R),, -OR?, and -S(O)R", where k is 1, 2, or 3;

M is H or -CH,Rs; or the M-N-C(Rs) mojety may form a 4 to 7 membered ring structure;

R, is H, an amino protecting grot;p, resin, amino acid, polypeptide, or palynucleotide;

Rz is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;

Rs is atkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy,
alkylalkoxy, substituted alkylalkoxy, polyaikylene oxide, substituted polyalkylene oxide, cycl oalkyl, substituted
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cycloalkyl, aryl, substituted aryl, heferoaryl, substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl,
substituted alkaryl, aralkyl, substituted aratkyl, ~C(O)R>, ~<C(Q)OR™, -C(ON(R™),, -C(O)NHCH(R™),, -
{alkylent or substituted alkylenp)—N(R”)g, ~«(alkenylene or substituted alke;\ylene)-N(R”)z, ~(atkylene or
substituted alkylene)-(aryl or substituted aryl), :(alkenylcnc or substituted alkenylene)-(ary] or substituted aryl),

5 ~(alkylene or substituted alkylene)-ON(R™),, -(alkylene or substituted alkylene)-C(O)SR”, -(alkylene or
substituted alkylene)-S-S-(aryl or substituted aryl), wherein each R” is independently hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl, substitnted alkaryl, aralkyl, substituted
aralkyl, or -C(O)OR?;

10 orRgsis L-X, where, X is a selected from the group consisting of a Jabel; a dye; a polymer; a water-soluble polymer;
a derivative of polyethylene glycol; a photocresslinker; a cytotoxic compound; a drug; an affhnity Jabel; a
photoafTinity label; a reactive compound; 4 resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment;'a metal chelator; a cofactor; a fatty acid; a carbohydrate; a po lynucleoti.de; a
DNA; 2 RNA; an antisense polynucleotide; a saccharide, a water-soluble dendrimer, a cyclodextrin, a

is | biomaterial; a nanoparticle; a spin label; a fluorophore, a metal-containing moiety; a radioactive moiety; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; a photocaged moiety;
an actinic radiation excitable moiety; 2 Iié,and;.a phofoisomerizable moiety; biotin; a biotin analogue; a moiety
incorporating a heavy atorn; a chemically cleavable group; a photocleavable group; an elongated side chain; a
carban-linked sugar; a redox-active agent; an amino thioacid; a toxic moiety; an isotopically lzbeled moiety; a

20 biophysical probe; a phosphorescent group; a chemiluminescent group; an elecron dense group; a magnetic
Eroup; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; a detectable
Iabel; a small molecule; an inhibitory ribonucleic acid; a radionucleotide; 2 neutron-capture agent; 2 derivative
of biotin; quantum dot(s); & nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an allergan, an angiostatin, an antihormone, an antioxidant, an aptamer, a guide

15 RNA, a saponin, a shuttle vector, a macromolecule, a mimotope, a receptor, a reverse micelle, and any
combination thereof; and L is opttonal, and when present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)-, -
{alkylene or substituted alkylene)-O-, -C(O)-, -C(O)-(alkylene or substituted alkylene)-, -(alkylene or
substituted alkylene)-C(0)- ~-C(OMN(R")~, -C{O)N(R")-(alkylene or substituted alkylene)-, -(alkylene or

0 substituted alkylene)-C(O)N(R"), -OC(O)N(R")-, -OC(O)N(R"}-(alkylens or substituted alkylene)-, -(alkylene
" or substituted alkylene)-OC(O)N(R")-, -N(R)C(0)-, ~NRC(0)-(alkylene or substituted alkylene)-, ~(alkylene
or substituted alkylene}-NRC(0)-, -8-, -S-(alkylene or substituted alkylene)-, -S{O)- where kis 1,2, or 3, -
S(O)(alkylene or substituted alkylene)-, -C(S)-, -C(8)-(alkylene or substituted alkylene)-, -CSN(R?)-,
-CSN(R)-(alkylene or substituted alkylene)-, -N(R’)CO-(alkylene or substituted alkylene)», -N(R?)C(O)O-, -
5 {(alkylene or substituted alkylene)-O-N=CR>-, -(alkylene or substituted alkylene)-C{O)NR*-{alkylene or
substituted alkylene)-, (alkylene or substituted alkylene}-S(O)w-( alkylene or substituted alkylene)-S-, -
(alkylene or substituted alkylene)-8-8-, -S(O)N(R")-, -M(R)C(OIMN(R-, “NRIC(SIN(R")-,
NR)SO}NR)-, -N(R")-N=, -C(R")=N-, ~C(R*}=N-N(R?)~, ~C(R’)=N-N=, -C(R*);-MN=N-, and —
CRM)N(R)-N(R )~ .
) orRsand any R, optionally form a cycloalkyl or a heterocycloalkyl; and
cach R’ is independently H, alkyl, or substituted alkyl with a proviso that when R; is H then R is not OH, or when
R is OH then R, is not H. .
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[0570}] In other embodiments is @ method for treating a disorder, condition or disease, further comprising
administering a pharmaceutically acceptable carrier with the therapsutically effective amount of the polypeptide. In
further embodiments is 2 method for txcatiné a disorder, condition or disease, wherein R, and Ra are both
polypeptides. In some embodiments is a method for treating a disorder, condition or disease, wherein X is a2 water-
soluble polymer. In other embodiments is a rhethed for treating a disorder, condition or disease, whercin X is 2
derivative of polyethylene glycol. In a further embodiment is a method for treating a disorder, condition or discase,
wherein X [s a cytotoxic compound. . :

In some embodiments is a method for treating a disorder, condition or disease, wherein X is a drug,

10571] In some embodiments is a method for treating a disorder, condition or disease, wherein X is a second
polypeptide, In other embodiments is a method for treating a disorder, condition or disease, wherein the second
polypeptide is a peptide containing 2 non~natu|:al amino acid polypeptide,

[0572] In some embodiments is a method for ireating a disorder, condition or disease, wherein the polypeptide is a
protein homologous to a therapeutic protein selected from the group consisting of: alpha-1 antitrypsin, angiostatin,
antihemolytic f;actor, antibody, antibody fragment, apolipoprotein, apoprotein, atrial natriuretic factor, atrial
natriuretic polypepride, atrial peptide, C-X-C chemokine, T39765, NAP-2, ENA-78, gro-a, gro~!3, gro-c, IP-10,
GCP-2, NAP~4, SDF-1, PF4, MIG, calcitonin, c-kit ligand, cytokine, CC chemokine, monocyte chemoattractant
protein-1, monocyte chemoatiractant protein-2, monocyits chemoatiractant protein-3, monocyte inflammatory
protein-1 alpha, monocyte inflammatory protein-i beta, RANTES, 1309, R83915, R91733, HCC1, T58847, D31065,
T§4262, CD40, CD40 ligand, c-kit ligand, collagen, colony stimulating factor (CSF), complement factor Sa,
complement inhibitor, complement receptor 1, cytokine, epithelial nentrophil activating peptide-78, MIP-16, MCP-
1, epidermal growth factor (EGF), epithelial neutrophil activating peptide, erythropoietin (EPQ), exfoliating toxin,

" Factor IX, Factor VII, Factor VIil, Factor X, fibroblast growth factor (FGF), fibrinogen, fibronectin, four-helical

bundle protcin, G-CSF, glp~I, GM-CSF, glucacersbrosidase, gonadotropin, growth factor, growth factor receptor,
grf, hedgehog protein, hemoglobin, hepatocyte growth factor (hGF), hirudin, human growth hormone (hGH), human
seram albumin, ICAM-1, ICAM-1 receptor, LFA-1, LFA-1 receptor, insulin, insulin-like gro.wth chtor (IGF), IGF-
1, IGF-11, interferon (JFN), IFN-alpha, [IFN-~beta, IFN-gamma, interleukin (IL), 1L~1, IL-2, YL-3, 114, IL~5, A6, T~
7, 1L-8, IL-9, IL-10, IL-11, IL-12, keratinocyte growth factor (KGF), lactoferrin, leukemia inhibitory factor,
luciferase, meurturin, neutrophil inhibitory factor (NIF), oncostatin M, osteogenic protein, oncogene product,
paracitonin, parathyroid hormone, PD-ECSF, PDGF, peptide hormone, pleiotropin, protein A, protein G, pth,
pyrogenic exotoxin A, pyrogenic exotoxin B, pyrogenic exotoxin C, pyy, relaxin, renin, SCF, small biosynthetic
protein, soluble complement receptor 1, soluble I-CAM 1, soluble interlcukin seceptor, soluble TNF receptor,
somatomedin, somalostatin, somatotropin, streptokinase, superantigens,. staphylococeal enterofoxin, SEA, SEB,
SECI, SEC2, SEC3, SED, SEE, steroid hormone receptor, superoxide dismutase, toxic shock syndrome toxin, .
thymosin alpha 1, tissue plasminogen activator, tumor growth factor {(TGF), tumor necrosis factor, tumor necrosis
factor alpha, tumor necrosis factor beta, tumor necrosis factor receptor (TNFR), VLA-4 protein, VCAM-1 protein,
vascular endothelial growth factor (VEGF), urokinase, mos, ras, raf, met, p53, tat, fos, myc, jun, myb, rel, estrogen
Teceplor, progesterone receptor, testosterone receptor, aldosterone receptor, LDL receptor, and corticosterone,

{0573] In other embodiments is a method for treating a disorder, condition or disease, wherein the at least one non-
natural amino acid is incorporated ata specific site within the polypeptide. In some embediments is a method for
teating a disorder, condition or disease, wherein the polypeptide is synthesized by a ribosome. In some
embodiments is 2 method for treating a disorder, condition or disease, wherein the polypeptide comprising at least
one non-natural amino acid is stable in aqueous solution for at least 1 month. In other embediments is a method for
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treaiing a disorder, condition or disease, wherein the polypeptide comprising at least one non-natural amino acid is
stable for at least 2 weeks. In some embodiments is 2 method for treating a disorder, condition or disease, wherein
the polypeptide cc;mprising at least one non-natural amino acid is stable for at least 5 days.

[6574] In a further embodiment is a method for detecting the presence ;sf a polypeptids in a patient, the method
comprising administering an effective amount of a homologous non-natural amino acid polypeptide comprising at
least one non-natural amino acid selected from the group consisting of: .

H

wherein each R, is independently selected from the group consisting of H, hal ogen, alkyl, -NO;, -CN, substituted
alkyl, -N(R")z, “C(ORR’, -C(O)N(R")z, -OR’, and -S(O),R’, where k is 1,2, or 3;,

M is H or—-CH,Rs; or the M-N-C(R;) moiety may form a 4 to 7 membered ring structure;

R, is H, an amino protecting group,-resin, amino acid, polypeptide, or polynucieotide;

Rz is OH, an ester protecting group, resin, amino acid, polypeptide, or polynucleotide;

Rs is alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aikoxy, substituted alkoxy,
alkylalkoxy, substituted alkylalkoxy, polyalkylene oiide, substituted polyalkylene oxide, cycloalkyl, substituted
cycloatkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heterocycle, substituted heterocycle, alkasyl, .
substituted afkaryl, aralkyl, substituted araiky}, -C{O)R", ~C(O)OR”, ~C(OYN(R™)z, -C(O)NHCH(R™), -
(alkylene or substituted alkylene}-N(R™),, ~(alkenylene or substituted alkenylene)-N(R*)z, -(alkylene or
substituted alkylene)-{aryl or substituted aryl), -(alkenyléne or substituted alkenylene)-(aryl or substituted aryl},
~(alkylene or substituted alkylene}-ON(R™);, -(atkylens or substituted alkylene)-C(O)SR”, -(alkylene or
substinited alkylene)-S-S-(aryl or substituted asyl), wherein each R” is independently hydrogen, aikyl,
substituted alkyl, alkenyl, substituted alkeny), alkoxy, substituted alkoxy, aryl, substituted aryl, heteroaryl, .
substituted heteroaryl, heterocycle, substituted heterocycle, alkaryl, substituted alkaryl, aralkyl, substituted
aralkyl, or -C(O)OR’;

or Rs is L-X, where, X is a selected from the group consisting of a label; a dye; a polymer; 2 water-soluble polymer;

a derivativp of polyethylene glycol; a photocrosslinker; a cytotoxic compotnd; a drug; an affinity label; a
photoaffinity label; a reactive compound; a resin; a second protein or polypeptide or polypeptide analog; an
antibody or antibody fragment; a metal chelator; a cofactor; a fatty acid; a carbohydraie; a polynucleotide; a
DNA; a RNA; an antisense.po!ynuclectide; a saccharide, a water-soluble dendﬁm'er, a cyciodextrin, a
biomaterial; a nanoparticle; a spin label; a fluorophore, a metal-containing moiety; a radioactive moiety; a novel
functional group; a group that covalently or noncovalently interacts with other molecules; a photocaged moiety;
an actinic radiation excitable moiety; a ligand; a photoisomerizable moiety; biotin; a biotin analogue; a mojety
incarporating a heavy atom; a chemically cleavable group; a photocleavable group; an elongated side chaing a
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carbon-linked sugar; a redox-active agent; an amino thioacid; a taxic moiety; an isotopically labeled moiety; a
biophysical probe; a phosphorescent group; a chemiluminescent group; an electron dense group; a magnetic
group; an intercalating group; a chromophore; an energy transfer agent; a biologically active agent; a detectable
Iabel; 2 small molecule; an inhibitory ribonucleic acid; a radionucleotide; a neutron-capture agent; a derivative
of biotin; quantum doi(s); a nanotransmitter; a radiotransmitter; an abzyme, an activated complex activator, a
virus, an adjuvant, an aglycan, an 2llergan, an angiostatin, an antihormone, ar antioxidant, an aptamer, a guide
RNA, a saponimn, a shuttle vector, a macromolecule, a mimotope, a receptor, a reverse mfcelle, and any
combination thereof; and L is optional, and when present is a linker selected from the group consisting of
alkylene, substituted alkylene, alkenylene, substituted alkenylene, «O-, ~Q-(altkylene or substituted alkylene)-, -
{alkylene or substituted allcylene)-0-,~C(0)-, -C(O)-(alkylene or substituted alkylene)-, -{alkylene or
substituted alkylene)-C(O)~, ~C(ONIR)-, -C{ON(R")-(atkylens or substituted alkylent)-, ~(alkylene or
substituted atkylene)-C(O)N(R’), -OC{O)N(R?)-, <OC(O)N(R?*)-(alkylene or substituted a]kyl:;nc)-, ~(alkylene
or substituted alkylene)-OC(OIN(R")-, -N(R*)C(Q)-, -NR'C(0)-(alkylene or substituted alkylene)-, -(alkylene
or substituted alkylene)-NR’C(O)-, -S-, ~S-(alkylene or substituted alkylene)-, -S(O)- where kis 1,2, or 3, -
S$(O)(alkylene or substituted alkylene)-, -C(S)-, -C(S)-(alkylene or substituted alkyiene)-, -CSN(R?)-,
-CSN(R")-{alkylene or substituted alkylene)- -N{R)CO-(alkylenc or substituted alkylene)-, <N{R")C(0)0-, ~
(alkylene or substituted alkylene)-Q-N=CR’-, -(alkylene or substituted alkylene)-C{ONR -(alkylene ot
substituted alkylene)-, ~(alkylene or substituted alkylene)-S{0),-( alkylene or substituted alkylene)-S-, -
(alkylene or substituted alkylene}-S-S-, -S(OXN(R™)~, -N(R’jC(b)N(R‘)-, N{R)ICSINR)-,
“N(R*S(O)N(R")-, “N(R"}-N=, -C(R")=N~, ~C(R)=N-N(R)-, -C(R")=N-N=, -C(R?);-N=N-, and
-C(R)2-N(R")-N(R*)+ ' '

of Rs and any R, optionally form a cyclealkyl or a heterooycloatkyl;

each-R’ is independently H, alky], or substituted alkyl; and with a provise that when R, is H then R is not OH, or

when R, is OH then R, is not H.

[0575] In other embodiments is a method for detecting the presence of 2 polypeptide in a patient wherein the at

least one non-natural acid js incorporated at a specific site within the polypeptide. In some embodiments is a

method for detecting the presence of a polypeptide in a patient, wherein the non-natural amino acid is incorporated

-using a translation system. In some embodiments is a method for detecting the presence of a pelypeptide in 2

patient, wherein the non-natural amino acid is incorporated into the polypeptide using a translation system and a
post translation modification system. In other embodiments is 2 method for detecting the presence of a polypeptide
in a patient, wherein the at least one non-natural amino acid is stable in agueous solution for at least I month. In
some embadiments is a method for detecting the presence of a polypeptide in a patient, wherein the at least one non-
natural amino acid is stable for at least 2 weeks. In other embodiments is 2 method for detecting the presence of a
polypeptide in a patient, wherein the at Jeast one non-natural aniino acid is stable for at Jeast 5 days, .

{0576) 1In some embodiments is 2 method for detecting the presence of a polypeptide in a patient, wherein the
polypeptide is a protein homologous fo a therapeutic protein selccted from the group consisting of: alpha-l
antitrypsin, angiostatin, antihemolytic factor, antibody, apolipoprotein, apoprotein, atrial natrfuretic factor, atrial
natriuretic polypeptide, atrial peptide, C-X-C chemokine, T39765, NAP-2, ENA»?B,‘ éro-a, gro-b, gro-¢, IP-10;
GCP-2, NAP-4, SDF-1, PF4, MIG, calcitonin, c-kit ligand, cytokine, CC chemokine, monocyte chemoatiractant
protein-1, monocyte chemoatiractant protein-2, monocyte chemoattractant protein-3, m;mocyte inflammatory
pratein-1 alpha, monocyte inflammatory protein-i beta, RANTES, 1309, R33915, R91733, HCC1, T58847, D31065,
T64262, CD40, CD40 ligand, c-kit ligand, collagen, colony stimulating factor (CSE), complement factor Sa,
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- complement inhibitor, complement receptor 1, cytokine, epithelial neutrophil activating peptide-78, MIP-16, MCP-
« 1, epidermal growth factor (EGF), epithelial nevtrophil activating peptide, erythropoietin (EPO), exfoliating toxin,

Factor IX, Factor V1I, Factor VIII, Factor X, fibroblast growth factor (FGF), fibrinogen; fibronectin, four-hefical
bundle protein, G-CSF, glp-1, GM-CSF, glueocerebrosidase, gonadotropin, growth factor, growth factor re:eptor,
grf, hedgehog protein, hemoglobin, hepatocyte growth factor (hGF), hirudin, human growth hormone (hGH), human
serum albumin, ICAM-1, ICAM-1 receptor, LFA-1, LFA-1 receptor, insulin, insulin-like growth factor (IGF), IGF-
1, IGF-II, interferon (JFN), IFN-alpha, IFN-beta, IFN-gamma, interleukin (IL), IL-1, IL-2, 1L-3, IL4, IL-5, }.-6, IL-
7, 1IL-8, IL-9, IL-10, 1L-11, TL-12, keratinoeyte growth factor (KéF), Iactofen:in, leukemia inhibitory factor,
luciferase, neurturin, neutrophil inhibitory factor (NIF), oncosiatin M, osteogenic protein, oncogene product,
paracitonin, parathyroid hormone, PD-ECSF, PDGF, peptide hormone,’ pleiotropin, prot;:in A, protein G, pth,
pyrogenic exofoxin A, pyrogenic exotoxin B, pyrogenic exotoxin C, pyy, relaxin, renin, SCF, small iaiosynthetic
protein, soluble complement receptor 1, soluble CAM 1, soluble interienkin receptor, soluble TNF receptor,
somatomedin, somqfostazin, somatotropin, streptokinase, superantigens, staphylococcal enterotoxin, SEA, SEB,
SEC1, SEC2, SECE;, SED, SEE, stero}d hormone receptor, superoxide dismutase, toxic shock syndrome toxin,
thymosin alpha 1, tissue plasminogen activator, tumor growih factor (TGF), tumor necrosis factor, tumor necrosis
factor alpha, tumor necrosis factor beta, tumor necrosis factor receptor (TNFR), VLA-4 protein, VCAM-1 protein,
vascular endothelial growth factor (VEGF), urokinase, mos, ras, raf, met, p53, tat, fos, mye, jun, myb, rel, estrogen
receptor, progesterone receptor, testosterone recoptor, aldosterone receptor, LDL receptor, and corticosterone.

EXAMPLES
[0577] The following examples describe methods for synthesis of aromatic amine contammg amino acids.

Example 1a: Synthesis of 3-chloro-4-amino-phenylalanine . i

10578} 3-chloro-4-amino-phenylalanine was synthesized according to the method in FIG. ll

Example 1b: Symthesis of 3-iodo-4-amino-phenylalanine |

{05791 3-jodo-4-amino-phenylaianine was synthesized according to the method in Flé. i1,
Example Ic: Synthesis of 3:-methaxy-4-amino-phenylalanine ‘

[0580F 3-methoxy-4-amino-phenylalanine was synthesized according to the method in FIG. 12.
Example 1d:’ Synthesis of 3-fluoro.d.amino-phenylalanine

{0581} - 3-flugro4-amino-phenylalanine was syathesized according to the method in FIG. 12.

Example le: Synthesis of N-methyl-p-amino-phenylalanine .

[0582] N-methyl-p-amino-phenylalanine was synthesnzcd aceording to the method in FIG. 13,
Example 1f Synthesis ofN.—elth-g-ammo-ghenxlalamn

[0583] N-ethyl-p-amino-phenylalanine was synthesnzed acgording to the method in FIG. 13.
[6584] The following examples describe methods for cloning and expression of a modified polypeptide followed .
by post-translational modification

Example2:  PEGylationofhGH

[0585] This example details cloring and expression of a modified polypeptide in E. coli. An introduced translation
system that comprises an orthogonal tRNA. (O-tRNA) and an orthogonal aminoacy) tRNA synthetase (O-RS) is used
to express the polypeptide containing a non-natural amino acid. The O-RS preferentially aminoacylates the Q-fRNA
with a non-natural amino acid. In tum the translation system inserts the non-natural amino acid into the polypeptide,
in response to an encoded selector codon. The transf‘onnatwn of E. coli with plasmids containing the modified gene
and the orthogonal aminoacy! tRNA synthetaseltRNA. pair (specxf‘ ¢ for the desired non-natural amino acid) allows
the site-specific incorporation of non-natural amino acid into the polypeptide. The transformed E. coli, grown at 37°
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C in media containing between 0.61 — 100 mM of the particular non-natural amino acid, expresses modified
polypeptide with high fidelity and efficiency. The His-tagged polypeptide containing a non-natural amino acid is
produced by the E. coli host cells as inclusion bodies or aggregates. The aggregates “are solubilized and affinity
purified under denaturing conditions in 6M guanidine HCI, Refolding is performed by dialysis, at 4°C overnight in
50mM TRIS-HCI, pH8.0, 40pM CuSQq, and 2% (w/v) Sarkosyl. The material is then dialyzed against 20mM TRIS-
HCH, pH 8.0, 100mM NaCl, 2mM CaCl,, followed by removal of tile His-tag. See Boissel et al,, (1993) 268:15983~
93. Methods for purification 'of polypeptides are well known in the art and are confirmed by SDS-PAGE, Western
Blot analyses, or electrospray-ionization fon trap mass spectrometry and the like.

[0586] By way of example, hGH polypeptide with p-aminophenylalanine substituted for the tyrosine at position 35
(H6-nGH Y3SpAF2) was generated in E. coli cells using constructs that encode for hGH, and an orthogonal tRNA
synthetase-orthogonal tRNA. pair for the ﬁon-natnral amino acid. The expressed protein was purified using IMAC
and IEX chromatcgraphy. The protein was dialyzed into 10mM Sodium Phosphate, 20g/L glycine, S5g/L mannitol,
pH 7.0 and was then concentrated SSOuM. The pH of the sample was adjusted to pH 4.0 using 10% acetic acid.
(0587] Post translational modification of H6-hGH Y3SpAF2 was demonsirated by the pegylation of H6-hGH
Y35pAF2 by reductive alkylation of the p-aminophenylalanine with various PEG-aldehydes. A non-limiting
procedure for such pegylation is outlined in FIG 39 and is described herein as follows: 100ul PEGylation reactions
were set-up using 20K, 30K, and 40K PEG aldehyde, The PEG aldehyde was in 20mM acetate buffer at pH 4.0.
Each reaction had a, 1:1 molar ratio of PEG to protein, and a 5:1 molar ratioc of NaCNBH; solubilized in
DMF:protein, The reactions were incubated at either 4 degrees or at room temperature and were anaiyzed by SDS~
PAGE after 3, 4, 6 and 16 hrs. Gel electrophoresis of the resulting peptides are shown in the FIG. 40

|0588]) The following examples describe methods “for modification of polypeptides by post-transiational
modification as shown in FIGS. 20-34, wherein X is p-aminophenylalanine.

Example 3a: Reduchive alkylations of reduced urstensin-i} (UT-11-SH) with propionaldehyde and benzaldehyde
[0589] A mixture of 3 equivalents of NaBCNH; at PH 4 was added to 2 mixture of 0.25 mM propionaldehyde (or
¢. 25 mM benzaldehyde) and 0.25 mM reduced urotensin and allowed to yeact for 2 hours, Analysis of the product

raixture was by HPLC with the following conditions: 0-50%B (A, 0.05% TFA in water; B, 60% acetonitrile and

0.05% TFA in wateér), flow rate: 1.5mL/min; column; Zorbax Extend C18, 3.5 m, 4.6X50mm.

Example 3b: Reductive alkylations of urgtensin-II (UT-11) with propionaldehyde and benzaldehyde

[0590] A mixwure of 3 equivalents of NaBCNH; at pH 4 was added to a mixture of 0.25 mM propionaldehyde (or
0.25 mM benzaldehyde) and 0.25 mM urotensin and allowed to react for 2 hours. Analysis of the product mixture
was by HPLC with the following conditions: 5-60%B (A, 0.05% TFA in water; B, 60% acetonitrile and 0.05% TFA
in water), flow rate: [.5ml/min; cojumn: Zorbax Extend C18, 3.5 m, 4.6x50mm.

Example 3c: Reductive alkylations of peptide XT-8 with grog.ionaldehgde, benzaldehvde, isobutaldebyde and

pivalaldehvde . . -
10591] A mixture of 3 equivalents of NaBCNH; at pH 4 was added to a mixture of 0.25 mM propianaldehyde {or

0.25 mM benzaldehyde, or 0.25 mM isobutaldehyde or 0.25 mM pivalaldehyde) and 0.25 mM XT-8 were allowed
to react for 2 hours. Analysis of the product miixture was by HPLC with the following conditions: 5-60%B (A,

0.05% TFA in water; B, 60% acetonitrile and 0.05% TFA in water), flow rate: 1.5mL/min; column: Zorbax Extend
C18, 3.5 m, 4.6x50mum.

Example 3d: Rednctive alkylations of peptide $XT-¢ wnth propionaldehyde, benzaldehyde, isobutaldehyde and
pivalaldehyde
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10592} A mixture of 3 equivalents of NaBCNH; at pH 4 was added to 2 mixture of 0.25 mM propionaldehyde (or
0.25 mM benzaldehyde, or 0.25 mM isobutaldehyde or 0.25 mM pivalaldehyde) and 0.25 mM SXT-9 were allowed
to react for 2 hours, Analysis of the product mixture was by HPLC with the following conditions: 5-60%B (A,
0.05% TFA in water; B, 60% acetonitrile and 0.05% TFA in water), flow rate: 1.5mL/min; colurnn: Zorbax Extend
C18, 3.5 m, 4.6x50mm. - '

.

Example 3¢: Reductive alkylations of peptide HXT-9 with propionatdehyde, benzaldehyde, isobutaldehyde and

ivalaldehyde
[0593] A mixture of 3 equivalents of NaBCNHj; at pH 4 was added to a mixture of 0.25 mM propionaldehyde (or

0.25 mM benzaldehyde, or 0.25 mM isobutaldehyde or 0.25 mM pivalaldehyde) and 0.25 mM HXT-9 were allowed
to react for 2 hours. Analysis of the product mixture was by HPLC with the following conditions: 5-60%B (A,
0.05% TFA in wate;: B, 60% acctonitrile and 0.05% TFA in water), flow rate: 1.5mL/min; column; Zorbax Extend
C18, 3.5 m, 4.6x50mm.
Example 3f: eductive alkylations of peptide WXT.9 with propionaldehyde, benzaldehyde, and isobutaldghyde
10594} A mixture of 3 equivalents of NaBCNH; at pH 4 was added fo a mixture of 0.25 mM propionaldehyde (or
0.25 mM benzaldehyde, or 0.25 mM isobutaldehyde) and 0.25 mM WXT-9 were allowed to react for 2 hours.
Analysis of the product mixture was by HPLC with the following conditions: 5-60%B (A, 0.05% TFA in water; B,
60% acetonitrile and 8.05% TFA in water), flow rate: 1.5mL/min; column: Zorbax Extend C18, 3.5 m, 4.6x50mm,
Example 3g: Reductive alkylations of peptide NXT-9 with propjonaldehyde, and benzaldehyde
[0595] A mixture of 3 equivalents of NaBCNH; at pH 4 was added to a mixture of 0.25 mM propionaldehyde (or
0.25 mM benzaldehyde) and 0.25 mM NXT-9 were aliowed to react for 2 hours, Analysis of the product mixture
was by HPLC with the following conditions: 5-60%B (A, 0.05% TFA in water; B, 60% acetonitrile and 0.05% TFA ~
in water), flow rate: 1.5mL/min; column: Zorbax Extend C18, 3.5 m, 4.6x50mm.
Example 3ht Rednctive atkyfations of peptide RXT-10 with propionaldehyde or benzaldehyde
[0596] A mixture of 3 eguivalents of NaBCNH; at pH 4 was added to a mixture of 0.25 mM propionaldehyde (or
0.25 mM benzaldehyde) and 0.25 mM RXT-10 were allowed to react for 2 hours. ‘Analysis of the product mixture
+ was by HPLC with-the following conditions: 5-60%B (A, 0.05% TFA in water; B, 60% acetonitrile and 0.05% TFA
' in water), flow rate: 1.5mL/min; column: Zorbax Extend C18,3.5 m, 4.6x50mm.
Example 3i; Reductive alkylations of peptide AXT-11 with propionaldehyde or benzaldehyde
{0597} A mixture of 3 equivalents of NaBCNH; at pH 4 was added to a minture of 0.25 mM propionaldehyde {or
0.25 mM benzaldehyde) and 0.25 mM AXT-11 were atlowed to react for 2 hours. Analysis of the product mixture
was by HPLC. with the following conditions: 5-60%B (A, 0.05% TFA in water; B, 60% acetonitrile and 0.05% TFA
in water), flow rate: 1.5mL/min; column: Zorbax Extend C18, 3.5 m, 4.6%50mm.
Example 3j: Reductive alkylations of peptide AXT-11 with 3-phenyipropanal, 2-phenviacetaldehvde. or
[0598] A mixture of 3 equivalents of NaBCNH, at pH 4 was added to a mixture 0f 0.25 mM S-pheny'lpropanal (or
0.25 mM 2-phenylacetaldehyde or 0.25 mM cinnamaldehyde) and 0.25 mM AXT-11 were allowed to react for 5
hours. Analysis of the product mixture was by HPLC with the following conditions: 5-60%5B (A, 0.05% TFA in
water; B, 60% acefonitrile and 0.05% TFA in water), flow rate; 1,.5SmL/min; colamn: Zorbax Extend C18, 3.5 m,
4.6x50mm.
Example 3k:

carbaldehyde, picolinaldehyde, or quinoline-4-carbaldehyde
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{0599] A mixture of 3 equivalents of NaBCNH; at pH 4 was added to.a mixture of 0.25 mM of 1H-imidazale-5-
carbaldehyde (or 0.25 mM thiophene-2.carbajdehyde, or 0.25 mM picolinaldehyde, or 0.25 mM quinoline-4-
carbaldehyde) and 0.25 mM AXT-11 wer:: allowed to react for 5 hours. Analysis of the product mixture was by
HPLC with the following conditions: 5-60%B (A, 0.05% TFA in water; B, 60% acetonitrile and 0.05% TFA in
v}étcr), flow rate: 1.5mb/min; column: Zorbax Extend C18, 3.5 m, 4.6x50mm.

Example 31; Reductive alkylations of peptide AXT-]1 with benzaldehyde, 1-phenylbutane~1.3-dione, ora

mixture of benzaldehyde and 1-phenylbutane-1,3-dione
{0600) A mixture of 3 equivalents of NaBCNH; at pH 4 was added to 2 mixture of 0.20 mM of benzaldehyde, (or

0.20 mM 1-phenylbutane-1,3-dione, or a mixture of 0.20 mM benzaldehyde and 0.20 mM 1-phenyibutane-1,3-

dione} and 0.20 mM AXT-11 were allowed to react for 2 hours, Analysis of the product mixture was by HPLC with

the following conditions: 5-60%B (A, 0.05% TFA in water; B, 60% acetonitrile and 0,05% TFA in water), flow rate:

1.5miL/min; column: Zorbax Extend C18, 3.5 m, 4.6x50mm.

Example 3m:  Reductive alkylations of peptide NXT-9 with benzaldehyde, 1 -phenvipropane-1.2-dione, or a
mixture of benzaldehyde and 1-phenylpropane-1.2-dione '

[8601) A mixture of 3 equivalents of NaBCNH; at pH 4 was added to a mixture of 0.20 mM of benuideﬁyde, (or

0.20 mM 1-phenyipropane-1,2-dione, or a mixture of 0.20 mM benzaldehyde and 0.20 mM I1-phenylpropane-1,2-

dione) and 0.20 mM NXT-9 were allowed 10 veact for 2 hours, Analysis of the product mixture was by HPLC with

the following conditions: 5-60%B (A, 0.05% TFA in water; B, 60% acetonitrile and 0.05% TFA in water), flow rate:

1.5mL/min; column: Zorbax Extend C18, 3.5 m, 4.6x50mm.

Example 3n: Reductive alkylations of' peptide MXT-9 with benzaldehyde, acetophenone, a mixture of
benzaldehyde and acetophenone, a mixture ‘of benzaldehvde and propionaldehyde, or 2 mixture of

benzaldehyde and butan-2-.one
{0602]) A mixture of 3 equivalents of NaBCNH; at pH 4 was added to a mixture of 0.20 mM of benzaldehyde, (or

020 mM acetophenone, or a mixture of 020 mM benzatdehyde and 0.20 mM acetophenone, or a mixture of 0.20 °
mM benzaldehyde and 0.20 mM propionaldehyde, or a mixture of 0.20 mM benzaldehyde and 0.20 mM butan-2-
one) and 0.20 mM MXT-9 were allowed to react for 2 hours. Analysis of the product mixtura was by HPLC with the
following conditions: 5-60%B (A, 0.05% TFA in water; B, 60% sacetonifrile and 0.05% TFA in water), flow rate;
1.5m1/min; column: Zorbax Extend C18, 3.5 m, 4.6x50mm.

Example 3o: Reduction of peptide MXT-9-N, followed hy reductive alkylations of peptide MXT-9-NH, with

propionaldehyde or benzaldehyde
j0603] A mixture of MXT-9-N; was rednced with TCEP piving the peptide MXT-9-NH,. A mixture of 3

eguivalents of NaBCNH3 at pH 4 was added to a mixture of 0.20 mM of propionaldchyde, (or 0.20 mM
benzaldehyde) and 0.20 mM MXT-9-NH, were aliowed to react for 1 hour. Analysis of the product mixture was by
HPLC with the following conditions: 5-60%B (A, 0.05% TFA in water; B, 60% acetonitrile and 0.05% TFA. in
water), flow rate: 1.5mL/min; column: Zorbax Extend C18, 3.5 m, 4.6x50mm.

[0604] The following examples describe methods to measure and compare the in vitro and in vivo activity of a
modified therapeutically active non-natural amino acid polypeptide to the iy vitro and in vive activity of a
therapentically active natvral amino acid polypeptide.

Example 4: Measurement of non-natural amino acid polypeptide activity and affinity

[0605] . This example details the measurement of non-natural amino acid polypeptide activity and affinity of non-

natural amino acid polypeptides for their receptor, binding partner, or ligand.
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[0606) Protein for the non-natural amino acid polypeptide receptor, binding partner, or ligand is expressed and
isolated according to methods known to those of ordinary skill in the art. The Biocore™ system is used to analyze
the binding of non-natural amino acid polypeptide fo its reccptor.' Similarly, a binding partner or ligand may be used
in this assay.
[0607) Approximately 600-800 RUs of soluble receptor is immobilized on a Bizcore™ CMS chip, using a standard
amine-coupling procedure, as recommended by the manufacturer. Various concentrations of wild type or (modified)
non-natural amino acid poiyp.eptide in HBS-EP buffer (Biacore™, Pharmacia) are injected over the surface at a flow
Tate of 40 pi/min for 4-5 minutes, and dissociation was monitored for 15 minutes post-injection, The surface is
regenerated by a 15 second pulse of 4.5M MgCl,. Only a minimal Joss of binding affinity (1-5%) is observed after at
lcast 100 regeneration cycles. A reference cell with no receptor immobilized is used to subiract any buffer bulk
effects and non-specific binding. ) :
[0608] Kinetic binding data obtained from (modified) non-natural amino acid polypeptide titration experiments is
processed with BiaEvaluation 4.1 software (BIACORE™), Equitibrium dissociation constants (K.d) are calculated as
ratios of individual rate constants (kea'kon)- A " '
[0609] Stable Cell Lines are established expressing receptor, binding partner, or ligand for the non-paturaf amino
acid polypeptide. Cells are electroporated with a construct that containing the receptor, binding partner, or ligand
cDNA. Transfected cells are alfowed to recover for 48 hours before cloning. Reteptor, binding partner, or ligand
expressing transfectants are identified by surface staining with antibody against the receptor and are analyzed on a
FACS Array (BD Biosciences, San Diego, CA). Stably transfected ceil ciones are established upon further rounds of
repeated subcloning of desired transfectants. Such cells are used in cell binding assays.
[0616) Cells (3x10°) are incubated in duplicate in PBS/1% BSA. (100 pl) in the absence or presence of various
concentrations (volume: 10 pi) of unjabeled natural amino acid polypeptide or a negative control polypeptide and in
the presence of 'Z I-(modified) non-natural amino acid polypeptide (approx. 100,000 cpm or 1 ng) at 0°C for 90
minutes (total volume: 120 pl). Cells are then resuspended and Jayered over 200 pl ice cold FCS in a 350 ul plastic
cenmifuge tube and cenwifoged (1000 g; 1 minute). The peliet is collected by cuiting off the end of the tube and
peliet and supernatant counted separately in 2 gamma counter (Packard).
[0611} Specific binding (cpm) is determined as total bmdmg in the absence of a compeutor (mean of duplicates)
minus non-specific binding. The non-specific binding is measured for cach ;f‘ti';e-:e!l types used Expenments arg
run on separate days using the same preparation of '*|-(modified) non-natural amino acid polypeptide and should
display internal consistency. 'I-(modified) non-natural amino acid polypeptide demonstrates binding to* the
receptor, binding protein, or ligand-producing cells, The binding is inhibited in 2 dose¢ dependent manuer by
uplabeled natural amino acid polypeptide, but not by a negative control polypeptide.
Example 5: In Vivo Studies of modified therapeuticaily active non-natural amino acid polvpeptide
[0612] Modified therapeuticaily active non-natural amino acid polypeptide, therapeutically active natural amino
acid polypeptide and buffer solution are administered to mice or rats. The results will show superior activity and
prolonged half life of the modified therapeutically active non-natural amino acid polypeptide of in comparison to
that for therapeutically active natural amino acid polypeptide. )
Example 6: Measurement of the in vivo Half\life of Conjugated and Non-conjugated modified therapeutically
. .active non-natural amino acid polypeptide and Veriants Thereof.
[0613} All animal experimentation is conducted in‘an AAALAC aceredited fagility. and under protocols approved
by tlie Institutional Animal Care and Use Committee of St. Louis University. Rats are housed mdividually in cages
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in yooms with a 12-hour light/dark cycle. Animals are provided access to certified Purina fodent chow 5001 and
water ad libitum. . .

Example 7: Pharmacokinetic studies

[0614] The quality of each modified therapeutically active non-natural amino acid polypeptide are evaluated by
three assays before entefing animal experiments, The purity of'the modified therapentically active non-natusal amino -
acid polypeptide are examined by running a 4-12% acrylamide NuPAGE Bis-Tris gel with MES SDS running buffer
undér non-reducing conditions (Invitrogen, Carlsbad, CA). The gels are stained with Coomassie blse, The modified
therapeutically active non-naturat amino acid polypeptide band is greater than 95% pure based on densitometry
scan, The endotoxin level in each modified therapeutically active non-natural amino acid polypeptide is tested by a
kinetic LAL assay using the KTA? kit from Charles River Laboratories (Wilmington, MA), and is less than 5 EU per
dose. The biological activity of the modified therapeutically active non-natural amino acid polypeptide is assessed

with the cell assays that characterize bioactivity of the polypeptide.

J0615] Pharmacokinetic properties of modified therapeutically active non-natural amino acid polypeptide
compounds are compared to each other and ito therapeutically active natural amino acid polypeptide in male
Spraguc-Dawley rats (261-425g) obtained from Charles River Laboratories. Catheters are surgically instalied into
the caratid artery for blood collection. Following successful catheter installation, animals are assigned to treatment
groups (threc to six per group) prior to dosing. Animals are dosed subcutaneously with I mg/kg of compound in a
dose volume of 0.41-0.55 mi‘/kg. Blood samples are collected at various time points via the indwelling catheter and
into EDTA-coated microfuge tubes. Plasma is collected after centrifugatipn, and stored at -80°C until analysis.
Compound concentrap‘ons are measured using antibody sandwich ELISA kits from either BioSource Intemnational
(Camarillo, CA) or Diagnostic Systems Laboratories (Webster, TX). Co;rcentrations are calculated using standards
corresponding to the analog that is dosed. Pharmacokinetic parameters are estimated using the modeling program
WinNonlin (Pharsight, version 4.1). Noncompartmental analysis with linear-up/log-dewn trapezoidal integration is
used, and concentration data is uniformly weighted, The data is-then plotted to oblain Cmax: maximum
concentration; terminal yy: terminal haif-life; AUCy.5p area under the concentration-time curve extrapolated to
infinity; MRT: mean residence time; Cl/f: apparent total, plasma clearance; and Vz/f: apparent volume of
distribution during terminal phase,
Example 8: Pharmacodynamic stedies
[0616] Male Sprague-Dawley rats ace obtained from Charles River Laboratories. Aaimals are allowed to acclimate
for a period of three weeks, during which time biological characteristics associated with the natural amino acid

R A P

polypeptide are monitored. Animals with an acceptable [eve] of change in these biological characteristics are
randomized to treatment groups. Rats are administered either a bolus dose or. daily dose subcutancously of the
modified non-natural amino acid polypeptide, Throughout the study rats are daily and sequentially anesthetized,
bled, and dosed (when applicable) and the correlating biological characteristics are measured. Blood is collected
from the orbital sinus vsing a heparinized capiflary tube and placed into an EDTA coated microfuge tube. Plasma is
isolated by centrifugation and stored at -80°C until analysis, The plasma concentrations following a single
subcotaneous dose in the rats are obtained.

Example 9: Human Clinical Tria] of the Safety and/or Efficacy of Modified Therapeutically Active Non-

Natural Aming acid Polypeptide,
10617} Objective To compare the safety and pharmacokinetics of subcutane‘ously administered a modified

therapeutically active non-natural amino acid polypeptide to the safety and pharmacokinetics of, a therapeutically
active natural amino acid polypeptide,
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[0618] Patients Eighteen healthy volunteers ranging between 20-40 years of age and weighing between 60-90 kg
are enrolled in the study. The subjects will have no clinically significent abnormal laboratory values for hematalogy
or serum chemistry, and a negative urine toxicology screen, HIV screen, and hepatitis B surface antigen. They
should not have any evidence of the following: hypertension; a history of any primary hematologic disease; history
of significant hepatic, renal, cardiovascular, gastrointestinal, genitourinary, metabolic, neurologic disease; a history
of anemia or seizwre disorder; a known sensitivity to bacterial or mammalian-derived products, PEG, or human
serom albumin; habitual and heavy. consumer to beverages containing caffeine; participation in any other clinical
trial or had blood transfused or donated ‘within 30 days of study em;y; had exposure to a therapettically active
natural amino acid polypeptide within three months of study entry; had an illness within seven days of study entry;
and have significant abnormalities on the pre-study physical examination or the clinical laboratory evaluations
within 14 days of study entry. All subjects are evaluable for safety and all blood collections for pharmacokinetic
analysis are collected as scheduled. Al studies are performed with institutional ethics committee approval and
patient consent. .

10619] Study Design This will be a Phase 1, single-center, open-label, randomized, two-period crossover stady in
healthy male volunteers, Eighteen subjects are randomly assigned to one of two treatment sequence groups (nine
subjects/group). A therapeuticaily active patural amino acid polypeptide is administered aver two separate dosing
periods as a bolus s.c. injection in the upper thigh using equivalent doses of the modified therapettically active non-
natural amino acid polypeptide. Additional dosing, dosing frequency, or other parameter as desired, may be added to
the study by including additional groups of subjects. Each dosing period is separated by a 14-day washout period.
Subjects are confined to the study center at Jeast 12 hours prior to and 72 hours following dosing for each of the two
dosing periods, but not between dosing periods. Additional groups of subjects may be added if there are to be
additional dosing, frequency, or other parameter, to be tested for the modified therapeutically active non-natural
amino acid polypeptide as well.

[0620] Blood Sarapling Serial blood is drawn by direct vein puncture before and after admlmsu'atlon of modified
therapentically active non-natural amino acid polypeptide or therapeutically active natural amino acid polypeptide.
Venous blood samples (5 ml) for determination of serum modified therapeutically active non-natural amino acid
ponpeptlde or therapeuticaily active natural amino acid po]ypepndo concentrations are obtained at about 30, 20, and
10 minutes prxor to dosing (3 baseline samples) and at apprommately the following times afier dosing: 30 minutes
and at 1, 2, 5, 8, 12, 15, 18, 24, 30, 36, 48, 60 and 72 hours. Each serum sample is divided into two aliquots. All
serum samples are stored at -20°C. Serum samples are shipped on dry ice. Fasting clinical Jaboratory tests
(hematology, serum chemistry, and urinalysis) are pe}fonned immediately prior to the initial dose on day 1, the
morning of day 4, immediately prior to dosing on day 16, and the morning of day 19.

[0621] Bioanalytical Methods An ELISA kit procedure (Diagnostic Systems Laboratory [DSL], Webster TX), is
used for the determination of serum concentrations.

{0622] Safety Determinations Vital signs are recorded immediately prior to each dasing (Days 1 and 16), and at 6,
24, 48, and 72 hours after each dosing. Safety determinations are based on the incidence and type of adverse events _
and the changes in clinical laboratory tests from baseline. In addition, changes from pre-study in vital sign
measurements, including blood pressure, and physical examination results are evaluated.

[0623] Data Analysis Post-dose serum concentration values are corrected for pre-dose baseline concentrations by
subtracting from each-of the post-dose values the mean baseline concentration determined from averaging the levels
from the three samples collected at 30, 20, and 16 minutes before dosing. Pre-dose serum concentrations are not
included in the calculation of the mean value if they are below the quantification level of the assay. Pharmacokinetic
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parametess are determined from serim concentration data corrected for baseline concentrations. Pharmacokinetic
parameters are calculated by model independent methods.on a Digital Equipment Corporation VAX 86006 computer
system using the Jatest version of the BIOAVL software. The following pharmacokincticé parameters are
determined: peak serum concentration (Crxd; time to peak serum concentration (tyy); area under the concentration-
time curve (AUC) from time zero to the last blood sampling time (AlUUCo42) calculated with the use of the linear
trapezoidal rule; and terminal elimination halftlife (t;,), computed from the elimination, rate constant. The
elimination rate constant is estimated by linear regrassion of consecutive data points in the terminal Jinear region of
the log-linear concemration-time plot. The mean, standard deviation {SD), and coefficient of variation (CV) of the
phanmacokinetic parameters are calenlated for each ireatment. The ratio of the parameter means (preserved
formulation/ron-preserved formulatian) is calculated.

[0624] Safety Results The incidence of adverse events is equally distributed across the treatment groups, There are
no clinically significant changes from baseline or pre-study ¢linical laboratory tests or blood pressures, and no
‘notable changes from pre-study in physical examination results and vital sign measurements. The safety profiles for

W

the two treatment groups should appear similar,
[0625] Pharmacokinetic Results Mean serum maodified therapeutically active non-natural amino acid polypeptide
or therapentically active natural amino acid polypeptide concentration-time profiles (uncorrected for baseline levels)

in all 18 subjects after receiving a single dose of modified therapeutically active non-natural amino acid polypeptide
or therapeutically active natural amino acid polypeptide are compared at each time point measured. All ;ubjccts
should have pre-dose baseline concentrations within the normal physiologic range. Pharmacokinetic parameters are
determined from serum data corrected for pre-dose mean baseline concentrations and the Cpy and ., are
determined, The mean 1, for the therapentically active natural amino acid polypeptide is significantly shorter than
the t,, for the modified therapeutically active non-natural amino acid polypeptide. Terminal half-life values are
significantly shorter for the therapeutically active natural amino acid polypeptide compared with the terminal half-
life for the modified tﬁerapeuﬁcally active non-natural amino acid polypeptide..

[0526] Although the present study is conducted in healthy male subjects, similar abserption characteristics and
safety profiles would be anticipated in other patient populations; such as male or female patients with cancer or
chronic. renal failure, pediatric renal failure patients, patients in autologous predeposit programs, or patients

+ scheduled for elective surgery.

{0627] In conclusion, subcutaneously administered single doses of modified therapeuticafly active non-natural
amino acid polypeptide will be safe and well tolerated by healthy male subjects, Based on a comparative incidence
of adverse events, clinjcal laboratory vafues, vital signs, and physical examination results, the safety profiles of the
madified therapeutically active non-natural amino acid polypeptide and the therapeutically active natural amino acid
polypeptide will be equivalent, The modified therapeutically active non-natural amino acid polypeptide potentially
provides large clinical utility to patients and hezlth care providers.

10628] 1t is understood that the examples and embodiments described herein are for jllustrative purposes only and

* that various modifications or changes in light thereof will be suggested to persons skilled in the art and are fo be

included within the spirit and purview of this application and scope of the appended claims. All publications,
patents, and patent applications cited herein are hereby incorporated by reference in their entirety for all purposes,
SEQUENCE LISTING

. . Protein,
SEQID* . Sequence Notes . nucleie acid,
.. . . ! tRNA or RS
1- CCGGCGGTAGTTCAGCAGGGCAGAACGGCGGACTCTA M. jannaschii’ tRNA
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Protein,

SEQ ID Sequence Notes nucleic acid,
. : tRNA or RS
éﬁTCCQ(:,‘ATGGCGCTGG'ITCAAATCCGGCCCGCCGGAC mRNAT,
CCCAGGGTAGCCAAGCTCGGCCAACGGCGACGGACTC HLADO3; an

2 TAAATCCGTTCTCGTAGGAGTICGAGGGTTCGAATCCC optimized amber RNA

TTCCC TGGGACCA Supressor {RNA
) GCGAGGGTAGCCAAGCTCGGCCAACGGCGACGGACTT ’:{Lfi’,‘k &

3 CCTAATCCGTTCTCGTAGGAGTTCGAGGGTTCGAATCC op }’;‘am i RNA
CTCCCCTCGCACCA suresson tRNA
MDEFEMIKRNTSEISEEELREVLKKDEKSAGIGFEPSGKIH | Aminoacyl tRNA
LGHRYLQIKKMIDLQNAGFDIILLADLHAYLNQKGELDEIR synthetase for the
KIGDYNKKVFEAMGLRAKYVYGSTFQLDKDY TLNVYRL incorporation of p~

A ALKTTLKRARRSMELIAREDENPKVAEVIYPIMQVNTYYY azido-L- RS
LGVDVAVGGMEQRKIHMLARELLPKKVVCIHNPVLIGLD |  phenyvivlanine
GEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGVVEGNP
IMEIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNKE
LHPMDLKNAVAEELIKILEPIRKRL p-Az-PheRS(6)
MDEFEMIKRNTSEISEEELREVLKKDEKSAGIGFEPSGKIH | Aminoacyl tRNA
LGHYLQIKKMIDLQNAGFDIILLADLHAYLNQKGELDEIR | synthetase for the
KIGDYNKKVFEAMGLKAKY VYGSSFQLDKDYTLNYYRL incorporation of p~

s ALKTTLKRARRSMELIAREDENPKVAEVIYPIMQVNTSHY benzoyl-L- RS
LGVDVAVGGMEQRKIHMLARELLPKKVVCIHNPVLTGLD |  phenylalanine
GEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGVYEGNP
IMEIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNKE
LHPMDLKNAVAEELIKILEPIRKRL p-BpakS(1)
gggggmgausnmmﬁvmKDEKAAIGFBPSGMI—H, Aminoacyl (RNA
QNAGFDIILLADLHAYLNQKGELDEIRKIGDYNKKVFES | mthetasefor the
MGLKAKYVYGSPFQLDKDYTLNVYRLALKTTLKRARRS | eorporation of

6 MELIAREDENPKVAEVIY PIMQVNATYLAVDVAVGGMEQ ,f"’”f’f” . RS
RKIHMLARELLPXKVVCIENPVLTGLDGEGKMSSSKGNFI preryiaianine.
AVDDSPEEIRAKIKKAYCPAGVVEGNPIMEIAKYFLEYPLT
TKRPEKFGGDLTVNSYEELESLFKNKELHPMDLKNAVAEE | |,

LIKILE PIRKR L- ropargyl-PheRS
MDEFE MIKRN TSEII SEEEL REVLK KDEKS AAIGF Awinaaond RNA
EPSGK IHLGH YLQIK XMIDL QNAGF DIIIL LADLH e o th
AYLNQ KGELD EIRKI GDYNK KVFEA MGLKA KYVYG spatae "“{?’ e
SPFQL DKDYT LNVYR LALKT TLKRA RRSME LIARE ncorporatiot of

7 DENPK VAEVI YPIMQ VNIPY LPVD VAVGG MEQRK ,f’ °-"1‘"I'5>' - RS
1HMLA RELLP KKVVC IHNPV LTGLD GEGKM $8SKG _ plenylatanine
NFIAV DDSPE EIRAK IKKAY CPAGV VEGNP IMEIA -

KYFLE YPLTI KRPEK FGGDL TVNSY EELES LFKNK » LPAaRS
ELHPM DLKNA VAEEL IKILE PIRKR L Fopargyi-a
MDEFE MIKRN TSEH SEEEL REVLK KDEKS AAIGF Aminoacyl (RN
EPSGK IHLGH YLQIK KMIDL QNAGF DIIL LADLH s h
AYLNQ KGELD EIRKI GDYNK KVFEA MGLKA KYVYG “?"” eiase for the
SKFQL DKDYT LNVYR LALKT TLKRA RRSME LIARE "“’P"”’""l” of

8 DENPK VAEVI YPIMQ VNAIY LAVD VAVGG MEQRK g"’f’;”f” " RS
IHMLA RELLP KKVVC IHNPV LTGLD GEGKM SSSKG phenylaiantne
NFIAV DDSPE EIRAK IKKAY CPAGY VEGNP IMEIA
KYFLE YPLTI KRPEX FGGDL TVNSY EELES LRKNK »

ELHPM DLKNA VAEEL IKILE PIRKR L ropargyl-PheRS
MDEFEMIKRNTSEISEEELREVLKKDEKSATIGFEPSGKIH |  Aminoacyl t(RNA
9 "LGHYLQIKKMIDLQNAGFDIILLADLHAYLNQKGELDEIR | synthetase for the RS

KIGDYNKKVFEAMGLKAKYVYGSNFQLDKDYTENVYRL

incorporation of p-
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Protein,

SEQID Sequence. Notes nocleie acid,
. tRNA or RS
ALKTTLKRARRSMELIAREDENPKVAEVIYPIMQVNPLAY azido-
QGVDVAVGGMEQRKIHMLARELLPKXVVCIHNPVLTGL phenylalanine
DGEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGVVEGN
PIMELAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNK .
ELHPMDLKNAVAEELIKILEPIRKRL p-Az-PheRS(])
| MDEFEMIKRNTSEUSEEELREVLRKKDEKSATIGFEPSGKIH |  Aminoacyl tRNA

LGHYLQIKKMIDLQNAGFDINLLADLHAYLNQKGELDEIR | synthetase for the
KIGDYNKKVFEAMGLKAKYVYGSSFQLDKDYTLNVYRL incorporation of p-

10 ALKTTLKRARRSMELIAREDENPKVAEVIYPIMQVNPLHY azido- RS
QGVDVAVGGMEQRKIHMLARELLPKKVVCIHNPVLTGL phenylalanine
DGEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGVVEGN
PIMEIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNK
ELHPMDLKNAVAEELIKILEPIRKRL p-Az-PheRS(3)
MDEFEMIKRNTSENISEEELREVLKKDEKSALIGFEPSGKIH |  Aminoacyl tRNA
LGHYLQIKKMIDLQNAGFDIILLADLHAYLNQKGELDERR | syntketase for the
KIGDYNKKVFEAMGLKAKYVYGSTFQLDKDYTLNVYRL | incorporation of p-

1 ALKTTLKRARRSMELIAREDENPKVAEVIYPIMQVNPVHY azido- RS
QGVDVAVGGMEQRKIHMLARELLPKKVYCIHNPVLTGL phenylalanine
DGEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGVVEGN
PIMEIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNK
ELHPMDLKNAVAEELIKILEPIRKRL p-Az-PheRS(4)
MDEFEMIKRNTSEISEEELREVLKKDEKSATIGFEPSGKIH |  Aminoacyl tRNA
LGHYLQIKKMIDLQNAGFDIILLADLHAYENQKGELDEIR |  synthetase for the
KIGDYNKKVFEAMGLKAKY VYGSSFQLDKDYTLNVYRL | incorporation of p-

12 ALKTTLKRARRSMELIAREDENPKVAEVIYPIMQVNPSHY azido- RS
QGVDVAVGGMEQRKIHMLARELLPKKVYCIHNPVLTGL phenylalanine
DGEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGVVEGN
PIMEIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNK
ELHPMDLKNAVAEELIKILEPIRKRL p-Az-PheRS(2)
MDEFEMIKRNTSEIISEEELREVLKKDEKSALIGFEPSGKIH .
LOHYLQIKKMIDLQNAGFDIILLADLHAYLNQKGELDEIR. | Aminoocyl {RNA
KIGDYNKKVFEAMGLKAKY VYGSEFQLDKDYTLNVYRL | synthetase for the

13 ALKTTLKRARRSMELIAREDENPKVAEVIYPIMQVNGCH | incorporation of p- RS
YRGVDVAVGGMEQRKIMMLARELLPKXVVCIHNPVLTG azido- .
LDGEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGYVEG phenylalanine
NPIMEIAK YFLEYPLTIKRPEKFGGDLTVNSYEELESLFKN @wi)
KELHPMDLKNAVAEELIKILEPIRKRL
MDEFEMIKRNTSEISEEELREVLKKDEKSALIGFEPSGKIH - .
LGHYLQIKKMIDLQNAGFDIIILLADLHAYLNQKGELDEIR | Aminoacyl t(RNA
KIGDYNKKVFEAMGLKAKYVYGSEFQLDKDYTLUNVYRL | spnthetasejor the )

14 ALKTTLKRARRSMELIAREDENPKVAEVIYPIMQVNGTHY | incorporation of p- Rg~-
RGVDVAVGGMEQRKIHMLARELLPKKVVCIHNPVLTGL azido-
DGEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGVVEGN phenylalanine
PIMEIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNK A2
ELHPMDLKNAVAEELIKILEPIRKRL
MDEFEMIKRNTSENSEEELREVLKKDEKS A AIGFEPSGKIH
LGHYLQIKKMIDLQNAGFDINILLADLHAYLNQKGELDEIR | Aminoacyl (RNA
KIGDYNKKVFEAMGLKAKYVYGSEFQLDKDYTLNVYRL | synthetasefor the

15 ALKTTLKRARRSMELIAREDENPKVAEVIYPIMQVNGGH | /neorporation of p- RS
YLGVDVIVGGMEQRKIHMLARELLPKKVVCIHNPYLTGL azido-
DGEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGYVVEGN phenylalanine
PIMEIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLFKNK (LW6)

" ELHPMDLKNAVAEELIKILEPIRKRL
16 MDEFEMIKRNTSEUSEEELREVLKKDEKSAAIGFEPSGKIH | Aminoacyl 1RNA RS
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SEQID Sequence Notes nucleic acid,
. tRNA or RS
i LGHYLQIKKMIDLQNAGFDIILLADLEAYLNQKGELDEIR | spnihetase for the
KIGDYNKKVFEAMGLKAKYVYGSRFQLDKDYTLNVYRL | incorporation of p-
ALKTTLKRARRSMELIAREDENPKVAEVIYPIMQVNVIHY azido-
DGYDVAVGGMEQRKIHMLARELLPKKYVCIHNPVLTGL phenylalanine
DGEGKMSSSKGNFIAVDDSPEEIRAKIKKAY CPAGVVEGN AzPhERSS
PIMEIAKYFLEYPLTIKRPEKFGGDLTVNSYEELESLEKNK. f )
ELHPMDLKNAVAEELIKILEPIRKRL
MDEFEMIKRNTSEISEEELREVLKKXDEKSAGIGFEPSGKIH .
LGHYLQIKKMIDLQONAGFDIILLADLHAYLNQKGELDEIR | 4minoacyl IRNA
KIGDYNKKVFEAMGLRAKYVYGSTFQLDKDYTLNVYRL | synthetase for the
17 ALKTTLKRARRSMELIAREDENPKVAEVIYPIMQVNTYYY | incorporation of p- RS
LGVDVAVGGMEQRKIEMLARELLPKKVVCIHNPVLTGLD azido-
GEGKMSSSKGNFIAVDDSPEEIRAKIKKAYCPAGVVEGNP phenylalanine
IMEIAKYFLEYPLTIKRPEKFGODLTVNSYEELESLFKNKE (AzPheRS-6)

LHPMDLKNAVAEELIKILEPIRKRI,

182




Claims

1. A compound or salt thereof having the structure:

wherein each R; is independently selected from the group consisting of H, halogen, alkyl,
-NO,, -CN, substituted alkyl, -N(R’);, -C(O)R’, -C(O)N(R’)2, -OR’, and -S(O}R’,

where kis 1, 2, or 3;

R; is H, an amino protecting group, or at least one amino acid; and

R; is OH, an ester protecting group, or at least one amino acid;

each of Rz and Ry is independently H;

M is -CH2Rs;,

R;s is polyalkylene oxide, substituted polyalkylene oxide;

or Rs is L-X, where, X is polyalkylene oxide or substituted polyalkylene oxide; and L is a

linker selected from the group consisting of alkylene, substituted alkylene,
alkenylene, substituted alkenylene, -O-, -O-(alkylene or substituted alkylene)-, -
(alkylene or substituted alkylene)-O-, -C(0Q)-, -C(O)-(alkylene or substituted
alkylene)-, -(alkylene or substituted alkylene)-C(O)-, -C(O)N(R’)-, -C(O)N(R’)-
(alkylene or substituted alkylene)-, -(alkylene or substituted alkylene)-C{(O)N(R’),
-OC(O)N(R’)-, -OC(O)N(R")-(alkylene or substituted alkylene)-, -(alkylene or
substituted alkylene)-OC(O)N(R’)-, -N(R”)C(O)-, -NR’C(0)-(alkylene or substituted
alkylene)-, -(alkylene or substituted alkylene)-NR’C(0O)-, -S-, -S-(alkylene or
substituted alkylene)-, -S(O)x- where k is 1, 2, or 3, -S(O)i(alkylene or substituted
alkylene)-, -C(S)-, -C(S)-(alkylene or substituted alkylene)-, -CSN(R’)-, -CSN(R’)-
(alkylene or substituted alkylene)-, -N(R’)C(0)O-, -(alkylene or substituted
alkylene)-O-N=CR’-, -(alkylene or substituted alkylene)-C(O)NR’-(alkylene or
substituted alkylene)-, -(alkylene or substituted alkylene)-S(O)x-( alkylene or
substituted alkylene)-S-, -(alkylene or substituted alkylene}-S-S-, -S(O)N(R’)-,
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NR)CONR’)-, -NR)CEINR’)-, -NRIS(OUNR’)-, -NR’)-N=, -C(R’)=N-, -
C(R”)=N-N(R’)-, -C(R")=N-N=, -C(R’);-N=N-, and -C(R")-N(R’)-N(R")-;

each R’ is independently H, alkyl, or substituted alky};

with a proviso that when R is H then R, is not OH, or when R, is OH then R; is not H;

and G is an amine protecting group.

2. The compound of claim 16, wherein the amine protecting group is selected from

the group consisting of:

f”;\[ro CC, f"{( S ,-’"\rro\Q ’HYOJQ

’

A P B
r"f \"/O\/‘ \“/0 CH3 i § C\Cﬂs :1_1;0""\'%

3. The compound of claim 1, wherein both R and R; are at least one amino acid.

4, The compound of claim 1 wherein Rs is L-X, where X is polyalkylene oxide.
}"é\n/o\/\

5. The compound of claim 1 wherein Gis O
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