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(57) ABSTRACT 

Disclosed herein are non-natural amino acids and polypep 
tides that include at least one non-natural amino acid, and 
methods for making Such non-natural amino acids and 
polypeptides. The non-natural amino acids, by themselves or 
as a part of a polypeptide, can include a wide range of 
possible functionalities, but typical have at least one aro 
matic amine group. Also disclosed herein are non-natural 
amino acid polypeptides that are further modified post 
translationally, methods for effecting Such modifications, 
and methods for purifying such polypeptides. Typically, the 
modified non-natural amino acid polypeptides include at 
least one alkylated amine group. Further disclosed are 
methods for using Such non-natural amino acid polypeptides 
and modified non-natural amino acid polypeptides, includ 
ing therapeutic, diagnostic, and other biotechnology uses. 
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General Structure Examples 

Rs 
RsNH Rs Rs YNH YNH 

YNH YNH YNH nNH 

O 
*HN O *HN *HN "HN O 

O O O O 

Fig. 6 

  



U.S. Patent Mar. 7, 2017 Sheet 7 of 40 US 9,586,988 B2 

General Structure Examples 
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A. Synthesis of 3-chloro-4-amino-phenylalanine 

NH2 NH2 NHAC 
ACCI, MeOH Ac2O, Pyr, 16h 
Ho- He 
reflux, 5.0h 82% for 2 steps 

HN COOH HN COOMe ACHN COOMe 

NCS, CHCN 
reflux, 24h 

53% 

NH2 NHAC 
6.0 NHCl, reflux 

C -H C 
82% 

HN COOH ACHN COOMe 

B. Synthesis of 3-iodo-4-amino-phenylalanine 

NH2 NH NH2 
l, NaHCO3, 6h TFA, CH2Cl2 
He- 85% 

87% 
BOCHN COOH BOCHN COOH H2N COOH 

Fig.11 
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A. Synthesis of 3-methoxy-4-amino-phenylalanine 
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B. Synthesis of 3-fluoro-4-amino-phenylalanine 
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A. Synthesis of N-methyl-p-amino-phenylalanine 

H Ac AC 
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B. Synthesis of N-ethyl-p-amino-phenylalanine 

H 
NH2 N 

NaBCNH, 3 eq Et 
pH 4.0 (30% AcAN) 1). TFA 
He- He 
CHCHO (1M), 0.95 eq 2). HCl 

BOC added portiowise BOC 2 HC 
N COOH N COOH H H HN COOH 

Fig. 13 



U.S. Patent Mar. 7, 2017 Sheet 14 of 40 US 9,586,988 B2 

Reduction 

TCEP, 
Na2S, 
Na2S2O4. 
LiAlH4, 

Ra NaBH4 or 
Ra1n-NO) NaBCNH 

Ra Aqueous stiffers 
Ra pH4 to 9 

HNSO 
O Ra 
Ra N 

Ra 
Ra 

HNSO 
O 

H O H 
N NSN F N N N N NO2 

O O O 
"H, O "H, O "H, O "H, O "HN O 

  



U.S. Patent Mar. 7, 2017 Sheet 15 of 40 US 9,586,988 B2 

Formation of Polypeptides with Aromatic Amine-Containing Non-Natural 
Amino Acids by Post-Translational Reduction of the Masked Precursors, 
Followed by Reductive Alkylations with Aldehyde-Containing Reagents 
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Reductive Alkylations of Mono-alkylated Aromatic Amine-Containing 
Non-Natural Amino Acid Peptides 

Reductive Alkylation 
He 

H R 

O l Reductive Alkylation 
He 

H R 
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i Reductive Alkylation r 
He 
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Formation of Polypeptides with Aldehyde-Containing Non-Natural Amino Acids 
by Post-Translational Deprotections of Masked Aldehyde Precursors. Followed by 
Reductive Aminations with Aromatic Amine-Containing Reagents 

Fig. 18 
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Reductive alkylation of non-natural amino acid peptide 
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Reductive alkylations of reduced urotension-II (UT-II-SH) with 
propionaldehyde (a) and benzaldehyde (b) 

UT-I-SH: to authere area-try-rivalso H H 

NaBCNH 3 eq. a; UT-Il-SH (0.26mM) + N. (0.25mM) reers 
pH 4.0, 2h 

NaBCNH 3 eq. 
b: UT-Il-SH (0.26mM) + C. (0.25mM) - II pH 4.0, 2h 

pAF = L-para-Amino-phenylalanine 

300 

250 I 

200 UT-I-SH MS found: 

1403.61 (UT-Il-SH); 
1495.61 (I); 

150 1447.60 (II) 

100 

50 Excess 
UT-I-SH 

5.0 5.5 6.0 65 7.0 7.5 8.0 8.5 90 9.5 10.0 10.5 11.0 1.5 
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Reductive alkylations of urotension-II (UT-II) with propionaldehyde (a) 
and benzaldehyde (b), respectively. 

UT-II: H.N-Glu-Thr-Pro-Asp-cys-pAF-Trp-Lys-Tyr-ys-Val-cooh 
S S 

NaBCNH 3 eq. 
a; UT-II (0.25mM) + n (0.25mM) - - 

pH 4.0, 2h 

NaBCNH 3 eq. 
b: UT-II (0.25mM) + C. (0.25mM) - > I pH 4.0, 2h 

pAF = L-para-Amino-phenylalanine 

180 

160 

MS found: 
140 UT-II 1401.65 (UT-Il-SH); 

Ya 1493.67 (I); 
120 | 1445.72 (II) 

o From impurity 
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Reductive alkylations of peptide XT-8 with propionaldehyde (a) and 
benzaldehyde (b), isobutaldehyde (c) and pivalaldehyde (d) 

XT-8: HN-pAF-cyl-Tyr-dTrp-Lys-val-cys-Thr-cool 
S 

a: XT-8 (0.25mM) + n (0.25mM) 

b: XT-8 (0.25mM) + C. (0.25mM) 

c: XT-8 (0.25mM) + N. (0.25mM) 

d: XT-8 (0.25mM) + > H (0.25mM) 

S 

NaBCNH3, 3 eq. 
He 
pH 4.0, 2h 

NaBCNH 3 eq. 
He 
pH 4.0, 2h 

NaBCNH 3 eq. 
He 
pH 4.0, 2h 

NaBCNH 3 eq. 
He 
pH 4.0, 2h 

pAF = L-Amino-phenylalanine 

V 

175 

150 
IV 

MS found: 
1061.40 (XT-8); 
1103.45 (I); 
1151.52 (II); 
1117.13 (III); 
1131.16 (IV). 

55 6.0 65 7.5 8.5 1.5 11.0 

  



U.S. Patent Mar. 7, 2017 Sheet 23 of 40 US 9,586,988 B2 

Reductive alkylations of peptide SXT-9 with propionaldehyde (a) and 
benzaldehyde (b), isobutaldehyde (c) and pivalaldehyde (d). 

SXT-9: HN-Ser-pAF-cy-Tyr-His-Lys-Trp-Cys-Thr-cool 
S 

NaBCNH 3 eq. a: SXT-9 (0.25mM) + au arra g. H (0.25mM) to 
NaBCNH 3 eq. 

H He b: SXT-9 (0.25mM) + o (0.25mm) to a I 

C: SXT-9 (0.25mM) + N. (0.25mM) NaBCNHs, 3 eg III 
pH 4.0, 2h 

O 

>'h NaBCNH 3 eq. d: SXT-9 (0.25mM) + (0.25mm) to a IV 

pAF = L-para-Amino-phenylalanine 

220 ... : 

200 

180 

160 

140 

120 

I MS found: 
1186.47 (SXT-9); 
1228.58 (l); 
1276.59 (II); 
1242.20 (III); 
1256.30 (IV). 

3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.O 7.5 8.0 8.5 9.0 9.5 10.0 10.5 1.0 
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Reductive alkylations of peptide HXT-9 with propionaldehyde (a) and 
benzaldehyde (b), isobutaldehyde (c) and pivalaldehyde (d) 

180 

160 

140 

120 

HXT-9: HN-H is pAF-cyl-Tyr-h is-Lys-Trp-Cys-Th r-COOH 
S 

a: HXT-9 (0.25mM) + n-H (0.25mM) 

b: HXT-9 (0.25mM) + o (0.25mM) 

c: HXT-9 (0.25mM) + N. (0.25mM) 

d: HXT-9 (0.25mM) + >H (0.25mM) 

O 

O 

S 

NaBCNH 3 eq. 
Ho 
pH 4.0, 2h 

pAF = L-para-Amino-phenylalanine 

NaBCNH 3 eq. 
He 
pH 4.0, 2h 

NaBCNH 3 eq. 
He 
pH 4.0, 2h 

NaBCNH 3 eq. 
He 
pH 4.0, 2h 

IV 

IV 
III 

MS found: 
1236.48 (HXT-9); 
1278.60 (I); 
1326.55 (II); 
1292.33 (III); 
1306.43 (IV). 

3.5 4.0 4.5 O.O 10.5 11. 
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Reductive alkylations of peptide WXT-9 with propionaldehyde (a), 
benzaldehyde (b), and isobutaldehyde (c) 

WXT-9: H-Trp-pAF-cy-Tyr-His-Lys-Trp-cys-Thr-cool 
S 

O 
a: WXT-9 (0.25mM) + n1H (0.25mM) 

b: WXT-9 (0.25mM) + C. (0.25mM) 

c: WXT-9 (0.25mM) + N. (0.25mM) 

NaBCNH 3 eq. 
He 
pH 4.0, 2h 

NaBCNH 3 eq. 
He 
pH 4.0, 2h I 

NaBCNH 3 eq. 
He 
pH 4.0, 2h III 

pAF = L-para-Amino-phenylalanine 

300 

250 

WXT-9 
Ya 

20 

150 
8. 

100 

8 

III 

al/Na Y 
*''''''''''''''''''''''''''''' 

=-a-sire. 
swww.www.www.www.www.www.www.www.sawa 

MS found: 
1285.53 (WXT-9); 
1327.64 (I); 
1375.65 (II); 
1341.44 (III). 

l w 

a S-a- 
575 600 625 650 675 700 7.25 750 7.75 

Fig. 25 
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Reductive alkylations of peptide NXT-9 with propionaldehyde (a) and 
benzaldehyde (b) 

NXT-9: H-Asn-pAF-cyl-Tyr-His-Lys-Trp-Cys-Thr-cool 
S S 

NaBCNH 3 ec. a: NXT-9 (0.25mM) + Nui H (0.25mM) pH 4.0, 2h 

NaBCNH 3 eq. 
H He b: NXT-9 (0.25mM) + c (0.25mM) to a I 

pAF = L-para-Amino-phenylalanine 

180 

160 II 

i MS found: 

1213.45 (NXT-9); 
1255.63 (i); 
1303.52 (II). 

100 

to NXT-9 
120 Ya 

3.5 4.0 4.5 50 5.5 6.0 65 7.0 7.5 8.0 8.5 90 9.5 1OO 
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Reductive alkylations of peptide RXT-10 with propionaldehyde (a) and 
benzaldehyde (b) 

RXT-10 H.N-Arg-Asn-pAF-cyl-Tyr-His-Lys-Trp-cys-Thr-coon 
S S 

O NaBCNH 3 ed a: RXT-10 (0.25mM) + null * H (0.25mM) pH 4.0, 2h 

NaBCNH3, 3 ed. H airs g. b: RXT-10 (0.25mM) + c (0.25mM) to I 

pAF = L-para-Amino-phenylalanine 

2. --- 

I 
225 

200 B MS found: 
1369.57 (RXT-10); 

175 1411.69 (I); 
RXT-10 1459.58 (II). 

150 

Ya 125 
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Reductive alkylations of peptide AXT-11 with propionaldehyde (a) and 
benzaldehyde (b) 

AXT-11: HN-Ala-Arg-As real-or- is-Lys-Trp-cy-Thr-cool 
S 

NaBCNH 3 ec. a: AXT-11 (0.25mM) + nut rators g. H (0.25mM) pH 4.0, 2h 

NaBCNH 3 ec. 
H He b: AXT-11 (0.25mM) + o (0.25mM) to a I 

pAF = L-para-Amino-phenylalanine 

200 

I 

180 MS found: 

16o 1440.60 (AXT-11); 
AXT-11 f 1530.74 (I); 

140 Ya 1459.58 (II). 

100. 

80 

o 
4. 
20 
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Reductive alkylations of peptide AXT-11 with various aldehydes (a-c). 

AXT-11: H.N. Ala-Arg-As rear-opt-in-y-to-er tro 

H (0.25mM) NaBCNH3, 3 eq. 20 He a: AXT-11 (0.25mM) + pH 4.0, 5h 

Club (0.25mM) NaBCNH 3 eq. He b: AXT-11 (0.25mM) + H pH 4.0, 5h I 

O.25M NaBCNH 3 eq. 
He c: AXT-11 (0.25mM) + n1H ( ph40, sh III 

pAFF L-para-Amino-phenylalanine 

180 
MS found: 

160 1440.60 (AXT-11); 
1558.75 (I); 

140 1544.71 (II); 
11556.56 (III). 

120 

E 100 
C 

S 80 
d 

60 
impurity 

40 / \ 
20 A 

\, 
O 
35 40 45 5.0 55 60 65 70 7.5 80 85 go 95 100 10.5 
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Reductive alkylations of peptide AXT-11 with various heteroaromatic 
aldehydes (d-g). 

AXT-11: H.N. Ala-Arg-As real-e- is-Lys-Trp-cys-Thr-coon 
S 

(0.25mm NANs' V ZO He d: AXT-11 (0.25mM) + l pH 4.0, 5h 

(0.25mM) NaBCNH 3 eq 
e: AXT-11 (0.25mM) + (H pH 4.0, 5h V 

NaBCNH 3 eq. N 3 
f:AXT-11 (0.25mM) + d H (0.25mM) hao, sh V 

pAF = L-para-Amino-phenylalanine 

200 

18O MS found: 

o VI see T-1) 
AX-11 || V 53667W 

40 Y A || || 1531.51 (VI). 

OO 

80 

60 

40 

ope 
4.50 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50 6.75 7.00 7.25 7.50 7.75 8.00 
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Competitive reactions of peptide AXT-11 with aldehyde and 1,3-diketone 
(I-III). 

AXT-11: H-Ala-Arg-x-ys-Tyr-h is-Lys-Trp-cys-Th r-COOH 
S 

NaBCNH 3 eq. 

S 

H (0.20mM) He- ted l: AXT-11 (0.20mM) + c pH 4.0, 2h EaCe 
NaBCNH 3 eq. 

a (0.20mM) 3 II: AXT-11 (0.20mM) + c - no reaction 
c NaBCNH 3 eq. ted with A TT O. H c u He eaCeCW Ill: AXT-11 (0.20mM) pH 4.0, 2h aldehyde only 
(0.20mM) (0.20mM) 

18O 

140 

12 

1. 
a II 

4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 85 9.0 9.5 100 
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Competitive reactions of peptide NXT-9 with aldehyde and 1,2-diketone (I- 
III). 

NXT9: H.-Asn-X-ys-Tyr-His-Lys-Trp-cys-Thr-cooh 
S s 

NaBCNH 3 eq. 
H (0.20mM) He l: NXT-9 (0.20mM) + o pH 4.0, 2h reacted 

NaBCNH 3 eq. 
Il: NXT-9 (0.20mM) + c (0.20mM) - no reaction 

o NaBCNH3, 3 e.g. reacted with 
He 

H O pH 4.0, 2h aldehyde only 
(0.20mM) (0.20mM) 

Ill: NXT-9 (0.20mM) + 

18O 

180 

140 

120 

100 

4.0 4.5 5.0 5.5 SO 6.5 7. 7.5 3.0 8.5 9.0 9.5 10.0 

Fig. 32 
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Competitive reactions of peptide MXT-9 with different aldehydes and 
ketones (I-V). 

MXT9: H.N-Met-X-ys-Tyr-dTrp-Lys-Val-cys-Thr-cooh 
S S 

O NaBCNH 3 eq : MXT-9 H 3 ov (0.20mM) * (0.20mM) - reacted 

NaBCNH3, 3 ec. xxxx II: MXT-9 (0.20mM) 6. (0.20mM) -4.0 no reaction 

se lll: MXT-9 c H s NaBCNH3, 3eg only reacted 
(0.20mM) pH 4.0 with aldehyde 

(0.20mM) (0.20mM) 
O 

c IV: MXT9 : Nui. S'h NaBCNH3, 3eg dominantly reacted 
(0.20mM) H pH 4.0 with alkyl aldehyde 

(0.20mM) (0.20mM) 

V: MXT-9 H N NaBCNH3, 3eg only reacted 
(0.20mM) pH 4.0 with aldehyde 

(0.20mM) (0.20mM) 

160. 

II (MXT-9) 
Ya 

140 

5.75 6.00 6.25 650 6.75 7.00 7.25 7.50 7.75 8.00 8.25 850 8.75 9.00 9.2s 9.5.0 9.75 1000 

Fig. 33 

  



U.S. Patent Mar. 7, 2017 Sheet 34 of 40 US 9,586,988 B2 

Reduction of peptide MXT-9-N3 to MXT-9NH2. (I), followed by reductive 
alkylations with propionaldehyde (II) and benzaldehyde (III) 

N NH 

TCEP 

H.N-Met- trary-veiro s H.N-Met- iys-Tyr-dTrp-Lys-Val- s-Thr-cooh 
H H p H H 

MXT-9-N I.MXT-9-NH 

Na/n 

O 
NascNH3 ec. 

MXT-9-NH. (1.020mM) + 1 (0.20mm) Eis HNHMet -Tyr-dTrty-va-T -COOH 
H LMXT-9-NH-E 

AuC) N 

NaBCNH 3 eq. 

MXT-9-NH2 d.o.20mM) + ean pho, in -it-i- H H 

100. 

O 

600 625 650 675 700 725 750 7.75 800 825 850 875 900 925 950 975 100 1025 1050 

Fig. 34 
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Peptide PEGylations 

N-terminal PEGylation: 

NaBCNH 
pH 5.0 

pAF2-based PEGylation: 

& 

S S 

Š O NaBCNH 
pH 4.0 

varavaaravaravaaravaravaavaravaravaravaravaaravaravaaravaravaravaravaavaaravaravaarar 

mPEGak-o-h m-PEGzoko O 2-ku, 
sarsaw.xassasasawwarasawwassasawaxaawasawaxaawasawaxaassasawaxaawasawaxaarsaw Warsawwarasasawaarsaw.xassasawaxaawasawaxaawasawaxaarsawwarasawaxaawasawasaxarsaw.xassasasawa 

Fig. 35 
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PEG Aldehydes used for PEGylations 

Linear PEG aldehydes: 
O H 

m-PEG (5-30K) se m-PEG (5-30K) 'e', 

Branched PEG aldehydes derived from glycerol: 
O 

m-PEG-5-30k lo O m-PEG-5-3Ok 

H See n -PEG-5-30k J. m-PEG-5-30k N. m-PEG-5-30k S. 
H 

Fig. 36 
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MT-9: out Pre-trary-varth-so 
P lation PEGylated EGy y -PEG 

ya 

MT-9: "rut-per-trary-varth-so 
l: MT-9 (0.20mM) + -20K (0.20mM) Na3CN8. PEG-MT-9 

pH 5.0 

NaBCNH 5 eq. 
He 

O 
lu4OK (O. II: MT-9 (0.20mM) + (0.20mM) is PEG-MT-9 

. 

l: N-terminal PEGylation of MT-9 with 
20k PEG aldehyde, monitored by HPLC 

40 

20 

o 

f 

l: N-terminal PEGylation of MT-9 with 
40k PEG aldehyde, monitored by HPLC 8 

40 

2 

6 

60 

4. 

s.s 8. 8. F. F. 8.0 8.s 3.0 8s 0. 

Fig. 37 
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NH2 

MXT-9: H.N-Met-X-Cys-Tyr-dTrp-Lys-Va HCys-Th r-COOH 
S-S 

PEGyati ylation -PEG 
H 
Na1 PEG 

Eyted H.-Met-x-ys-Tyr-dTrp-Lys-Val-cys-Thr-cool 
S-S 

l: MXT-9 (0.20mM) + -zok (0.20mM). NBNs. PEGo-MXT-9 
pH 4.0, 1h 

NaBCNH 3 eq. O 

Il: MXT-9 (0.2OmM) + Q-40K (0.20mM) hao, in PEG-MXT-9 

120 | - Peptide 
PEG aldehyde M I 
No reducing agent 100 

80. 

Peptide alone YA 
60 

40 

5.0 5.5 S.O 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 

Fig. 38 
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A 
) Protein PEGylations -hCH 

H 

Š i. & PEGylation i. s -'. in-Cicho COOH-e- in-Chico-cool -e- *-C co-cool 

B) Protein PEGylations - IFNa 

PE N k . Branched 40k PEG PEGylation sa1N1 
-- He 

S. -ás COOH 
h–CINFO-cool 

pAF2-INFa 
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COMPOSITIONS CONTAINING, METHODS 
INVOLVING, AND USES OF NON-NATURAL 
AMNO ACIDS AND POLYPEPTIDES 

RELATED APPLICATIONS 

This is a divisional of U.S. application Ser. No. 11/925, 
732, filed Oct. 26, 2007, which is a continuation of appli 
cation no. PCT/US2006/047822, filed Dec. 13, 2006; which 
claims benefit of U.S. Provisional Application No. 60/743, 
041, filed Dec. 14, 2005 and U.S. Provisional Application 
No. 60/743,040, filed Dec. 14, 2005, all of which are entitled 
“Compositions Containing, Methods Involving, and Uses of 
Non-natural Amino Acids and Polypeptides', and are incor 
porated herein by reference. 

SEQUENCE LISTING 

The instant application contains a Sequence Listing which 
has been submitted in ASCII format via EFS-Web and is 
hereby incorporated by reference in its entirety. Said ASCII 
copy, created on Nov. 20, 2013, is named 31362-711 
402SEQ.txt and is 44,574 bytes in size. 

FIELD OF THE INVENTION 

Described herein are methods and compositions for mak 
ing and using non-natural amino acid agents. 

BACKGROUND OF THE INVENTION 

The ability to incorporate non-genetically encoded amino 
acids (i.e., "non-natural amino acids) into proteins permits 
the introduction of chemical functional groups that could 
provide valuable alternatives to the naturally-occurring 
functional groups, such as the epsilon —NH of lysine, the 
sulfhydryl —SH of cysteine, 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 cleanly and effi 
ciently to form stable linkages with functional groups that 
can be incorporated onto non-natural amino acids. 

Methods are now available to 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 

Described herein are methods, compositions, techniques 
and strategies for making, purifying, characterizing, and 
using non-natural amino acids, non-natural amino acid poly 
peptides and modified non-natural amino acid polypeptides. 
In one aspect are methods, compositions, techniques and 
strategies for derivatizing a non-natural amino acid and/or a 
non-natural amino acid polypeptide. In one embodiment, 
Such methods, compositions, techniques and strategies 
involved chemical derivatization, in other embodiments, 
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 fur 
ther or additional embodiments, such derivations are stoi 
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2 
chiometric, near Stoichiometric or stoichiometric-like in 
both the non-natural amino acid containing reagent and the 
derivatizing reagent. In further or additional embodiments 
are provided methods which allow the stoichiometric, near 
Stoichiometric or Stoichiometric-like incorporation of a 
desired group 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-natural 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. In further or additional embodiments, such deriva 
tizations occur 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 a pH 
of about 5. In further or additional embodiments, such 
derivatizations occur at a pH of about 4. 

In one aspectare non-natural amino acids for the chemical 
derivatization of peptides and proteins based upon the 
reactivity of an aromatic amine group. In further or addi 
tional embodiments, at least one of the aforementioned 
non-natural amino acids is incorporated into a polypeptide, 
that is, Such embodiments are non-natural amino acid poly 
peptides. In further or additional embodiments, the non 
natural amino acids are functionalized on their sidechains 
Such that their reaction with a derivatizing molecule gener 
ates an amine linkage. In further or additional embodiments, 
the non-natural amino acids are selected from amino acids 
having aromatic amine sidechains. In further or additional 
embodiments, the non-natural amino acids comprise a 
masked sidechain, including a masked aromatic amine 
group. 

In further or additional embodiments, the non-natural 
amino acids comprise aromatic amine sidechains where the 
aromatic amine is selected from an aryl amine or a het 
eroaryl amine. In a further or additional embodiment, the 
non-natural amino acids resemble a natural amino acid in 
structure but contain aromatic amine groups. In another or 
further embodiment the non-natural amino acids resemble 
phenylalanine or tyrosine (aromatic amino acids). In one 
embodiment, the non-natural amino acids have properties 
that are distinct from those of the natural amino acids. In one 
embodiment, Such distinct properties are the chemical reac 
tivity of the sidechain; in a further embodiment this distinct 
chemical reactivity permits the sidechain of the non-natural 
amino acid to undergo a reaction while being a unit of a 
polypeptide even though the sidechains of the naturally 
occurring amino acid units in the same polypeptide do not 
undergo the aforementioned reaction. In a further embodi 
ment, the sidechain of the non-natural amino acid has a 
chemistry orthogonal to those of the naturally-occurring 
amino acids. In a further embodiment, the sidechain of the 
non-natural amino acid comprises a nucleophile-containing 
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-natural 
amino acid comprises an electrophile-containing moiety; in 
a further embodiment, the electrophile-containing moiety on 
the sidechain of the non-natural amino acid can undergo 
nucleophilic attack to generate an amine derivatized protein. 
In any of the aforementioned embodiments in this para 
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graph, the non-natural amino acid may exist as a separate 
molecule or may be incorporated into a polypeptide of any 
length; if the latter, then the polypeptide may further incor 
porate naturally-occurring or non-natural amino acids. 

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 polypep 
tides based upon an amine linkage. In a further embodiment 
are aldehyde-substituted molecules used to derivatize aro 
matic amine-containing non-natural amino acid polypep 
tides 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 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; 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; a nanopar 
ticle; 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 ana 
logue; 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 chemilumi 
nescent 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 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, a mimotope, a receptor, a reverse micelle, 
and any combination thereof. In further or additional 
embodiments, the aldehyde-substituted molecules are alde 
hyde-substituted polyethylene 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 non-natural amino 
acid to react selectively with the aldehyde-substituted mol 
ecules. 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 
containing moiety on the sidechain of the non-natural amino 
acid can undergo reaction to generate an alkylated amine 
derivatized protein. In a further aspect related to the embodi 
ments described in this paragraph are the modified non 
natural amino acid polypeptides that result from the reaction 
of the derivatizing molecule with the non-natural amino acid 
polypeptides. Further embodiments include any further 
modifications of the already modified non-natural amino 
acid polypeptides. 

In another aspect are aromatic amine-substituted mol 
ecules Such as, by way of example, aryl amines and het 
eroarylamines, for the production of derivatized non-natural 
amino acid polypeptides based upon an amine linkage. In a 
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4 
further embodiment are aromatic amine-substituted mol 
ecules used to derivatize aldehyde-containing non-natural 
amino 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: a label; a dye; a 
polymer; a water-soluble polymer; a derivative of polyeth 
ylene 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; a RNA; an antisense polynucle 
otide; a saccharide, a water-soluble dendrimer, a cyclodex 
trin, a biomaterial; a nanoparticle; a spin label; a fluoro 
phore, a metal-containing moiety; a radioactive moiety; a 
novel functional group; a group that covalently or nonco 
Valently interacts with other molecules; a photocaged moi 
ety; an actinic radiation excitable moiety; a ligand; a pho 
toisomerizable 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 biologi 
cally 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 mac 
romolecule, a mimotope, a receptor, a reverse micelle, and 
any combination thereof. In further or additional embodi 
ments, the aromatic amine-Substituted molecules are aro 
matic amine-substituted polyethylene glycol (PEG) mol 
ecules. 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 non-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 alde 
hyde-containing moiety that reacts selectively with the aro 
matic amine-containing molecule; in a further embodiment, 
the aldehyde-containing moiety on the sidechain of the 
non-natural amino acid can undergo reaction to generate an 
alkylated amine-derivatized protein. In a further aspect 
related to the embodiments described in this paragraph are 
the modified non-natural amino acid polypeptides that result 
from the reaction of the derivatizing molecule with the 
non-natural amino acid polypeptides. Further embodiments 
include any further modifications of the already modified 
non-natural amino acid polypeptides. 

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 
a heteroarylamine sidechain. In an embodiment utilizing an 
aromatic amine-containing non-natural amino acid polypep 
tide, the molecular linker contains an aldehyde group at one 
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of its termini. In further or additional embodiments, the 
aldehyde-substituted linker molecules are aldehyde-substi 
tuted polyethylene glycol (PEG) linker molecules. In further 
embodiments, the phrase "other molecules' includes, by 
way of example only, proteins, other polymers and Small 
molecules. In further or additional embodiments, the alde 
hyde-containing molecular linkers comprise the same or 
equivalent groups on all termini so that upon reaction with 
an aromatic amine-containing non-natural amino acid poly 
peptide, the resulting product is the homo-multimerization 
of the aromatic amine-containing non-natural amino acid 
polypeptide. In further embodiments, the homo-multim 
erization 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 reaction with an aromatic amine-containing non-natu 
ral amino acid polypeptide, the resulting product is the 
hetero-multimerization of the aromatic amine-containing 
non-natural amino acid polypeptide. In further embodi 
ments, the hetero-multimerization is a hetero-dimerization. 
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 non-natural 
amino acid to react selectively with the aldehyde-substituted 
linker molecules. In a further aspect related to the embodi 
ments described in this paragraph are the linked modified or 
unmodified non-natural amino acid polypeptides that result 
from the reaction of the linker molecule 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. 

In one aspect are methods to derivatize proteins via the 
reaction of aromatic amines and aldehyde reactants to alky 
lated amine-derivatized protein. Included within this aspect 
are methods for the derivatization of proteins based upon the 
reductive alkylation of aromatic amine- and aldehyde-con 
taining reactants to generate alkylated amine-derivatized 
protein adduct. In additional or further 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. 

In another 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 
molecules. In one embodiment are methods for the prepa 
ration of aldehyde-substituted molecules suitable for the 
derivatization of aromatic amine-containing non-natural 
amino acid polypeptides. In a further or additional embodi 
ment, the non-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 alternative embodiments, the non 
natural amino acids, including, but not limited to, aromatic 
amine-containing non natural amino acids, are incorporated 
site-specifically by ribosomal translation. In further or alter 
native embodiments, the non-natural amino acids, including, 
but not 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 alkylation of the aromatic amine 
moiety to form an alkylated amine-derivatized polypeptide 
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in a site-specific fashion. In a further or additional embodi 
ment, the method for the preparation of aldehyde-substituted 
molecules provides access to a wide variety of site-specifi 
cally derivatized polypeptides. In a further or additional 
embodiment are methods for synthesizing aldehyde-func 
tionalized polyethylene glycol (PEG) molecules. 

In another aspect are methods for the chemical derivati 
Zation of aromatic amine-Substituted non-natural amino acid 
polypeptides using an aldehyde-containing bi-functional 
linker. In one embodiment are methods for attaching an 
aldehyde-substituted linker to 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 further or additional embodiments, the non-natural 
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 multi-functional) to aromatic amine 
containing non-natural amino acid polypeptides, wherein at 
least one of the linker termini contains an aldehyde group 
which can link to the aromatic amine-containing non-natural 
amino 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 poly 
peptides to other molecules, including by way of example, 
proteins, other polymers (branched and non-branched) and 
Small molecules. 

In some embodiments, the non-natural amino acid poly 
peptide is linked to a water soluble polymer. In some 
embodiments, the water soluble polymer comprises a poly 
ethylene glycol moiety. In some embodiments, the poly 
(ethylene glycol) molecule is a bifunctional polymer. In 
Some embodiments, the bifunctional polymer is linked to a 
second polypeptide. In some embodiments, the second poly 
peptide is identical to the first polypeptide, in other embodi 
ments; 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 soluble 
polymer comprising a polyethylene glycol moiety. 

In some embodiments, the non-natural amino acid poly 
peptide comprises 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 dele 
tion that increases the stability of the non-natural amino acid 
polypeptide. In some embodiments, the non-natural amino 
acid polypeptide comprises a Substitution, addition, or dele 
tion that increases the aqueous 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 polypep 
tide comprises a Substitution, addition, or deletion that 
modulates protease resistance, serum half-life, immunoge 
nicity, and/or expression relative to the amino-acid polypep 
tide without the substitution, addition or deletion. 

In some embodiments, the non-natural amino acid poly 
peptide 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 glycol moiety. In some 
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embodiments, the polypeptide comprising a non-natural 
amino acid linked to a water Soluble polymer, for example, 
may prevent dimerization of the corresponding receptor. In 
Some embodiments, the polypeptide comprising a non 
natural amino acid linked to a water Soluble polymer modu 
lates binding of the polypeptide to a binding partner, ligand 
or receptor. In some embodiments, the polypeptide compris 
ing a non-natural amino acid linked to a water soluble 
polymer modulates one or more properties or activities of 
the polypeptide. 

In some embodiments, 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 codon, and a four-base codon. 

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 have at least one of the following charac 
teristics: (1) the amine moiety of the aromatic amine is a 
primary amine; (2) the amine moiety of the aromatic amine 
is a secondary amine; (3) the aromatic moiety of the aro 
matic amine is a heteroaromatic moiety; (4) the aromatic 
moiety of the aromatic amine is an aryl moiety; (5) the 
aromatic amine reacts with aldehyde functionalized groups; 
(6) is coupled to a water soluble polymer; (7) is PEGylated; 
(8) has increased therapeutic half-life relative to the corre 
sponding polypeptide without the non-natural aromatic 
amine amino acid; (9) has increased serum half-life relative 
to the corresponding polypeptide without the non-natural 
aromatic amine amino acid; (10) has increased circulation 
time relative to the corresponding polypeptide without the 
non-natural aromatic amine amino acid; (11) has increased 
water solubility relative to the corresponding polypeptide 
without the non-natural aromatic amine amino acid; (12) has 
enhanced bioavailability relative to the corresponding poly 
peptide without the non-natural aromatic amine amino acid; 
(13) has modulated immunogenicity relative to the corre 
sponding polypeptide without the non-natural aromatic 
amine amino acid; (14) has modulated biological activity 
relative to the corresponding polypeptide without the non 
natural aromatic amine amino acid; (15) is part of a phar 
maceutical composition; (16) is obtained 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 analy 
sis; (22) is coupled to at least one agent; (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 carbo 
hydrate; (31) is coupled to a polynucleotide; (32) is coupled 
to an antisense polynucleotide; (33) is coupled to a saccha 
ride, (34) is coupled to a fluorophore, (35) is coupled to a 
chemically cleavable group; (36) is coupled to a photocleav 
able group; (37) is coupled to an energy transfer agent; (38) 
is coupled to a radionucleotide; (39) may be post-transla 
tionally modified; (40) may be post-translationally modified 
by reductive alkylation; (41) may be post-translationally 
modified by reductive alkylation in a pH range between 
about 4 to about 10; (42) may be site-specifically derivatized 
by post-translational reductive alkylation; (43) may be rap 
idly post-translationally modified by reductive alkylation at 
room temperature, (44) may be post-translationally modified 
by reductive alkylation in aqueous conditions; (45) may be 
post-translationally modified by reductive alkylation with 
Stoichiometric reaction conditions; (46) may be post-trans 
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lationally modified by reductive alkylation with near-stoi 
chiometric reaction conditions; (47) may be post-transla 
tionally modified by reductive alkylation with 
Stoichiometric-like reaction conditions; (48) is used to treat 
a mammal Suffering from a disease, disorder or condition; 
(49) is used to treat a human Suffering from a disease, 
disorder or condition; (50) is used to diagnose a mammal 
Suffering from a disease, disorder or condition; (51) is 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 reduc 
tion 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-translational reduc 
tion of an azide moiety; (56) the amine moiety is formed by 
post-translational reduction of a hydrazine moiety; (57) the 
amine moiety is formed by post-translational reduction of a 
nitro moiety, (58) is coupled to a pro-drug; (59) is obtained 
from cell lysate; (60) is ribosomally translated; (61) may be 
post-translationally modified by reductive alkylation in a pH 
range between about 4 to about 7; (62) may be post 
translationally modified 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-translationally modified by reduc 
tive alkylation at a 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 about 6 hours in reductive alkylation 
reactions; (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 less 
than about 30 minutes in reductive alkylation reactions. 

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 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 polypep 
tides described herein have at least three of the aforemen 
tioned 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 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 five 
of the aforementioned characteristics. 

In further or additional embodiments, the non-natural 
aldehyde-based amino acid polypeptides and/or modified 
non-natural aldehyde-based amino acid polypeptides 
described herein have at least one of the following charac 
teristics: (1) contains a protected or masked aldehyde moi 
ety; (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 a deprotected or 
unmasked aldehyde moiety which can react with an aro 
matic amine or a heteroaromatic amine by reductive ami 
nation; (6) is coupled to a water soluble polymer; (7) is 
PEGylated; (8) has increased therapeutic half-life relative to 
the corresponding polypeptide without the non-natural alde 
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hyde-based amino acid; (9) has increased serum half-life 
relative to the corresponding polypeptide without the non 
natural aldehyde-based amino acid; (10) has increased cir 
culation 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 cor 
responding 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 obtained 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) 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 polynucle 
otide; (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 
coupled to an energy transfer agent; (38) is coupled to a 
radionucleotide; (39) may be post translationally modified; 
(40) may be post-translationally modified by reductive ami 
nation; (41) may be post-translationally modified by reduc 
tive amination in a pH range between about 4 to about 10: 
(42) may be site-specifically derivatized by post-translation 
reductive amination; (43) may be rapidly post-translation 
ally modified by reductive amination at room temperature, 
(44) may be post-translationally modified by reductive ami 
nation in aqueous conditions; (45) may be post-translation 
ally modified by reductive amination with stoichiometric 
reaction conditions; (46) may be post-translationally modi 
fied by reductive amination with near-stoichiometric reac 
tion conditions; (47) may be post-translationally modified 
by reductive amination with stoichiometric-like reaction 
conditions; (48) is used treat a mammal Suffering from a 
disease, disorder or condition; (49) is used treat a human 
suffering from a disease, disorder or condition; (50) is used 
diagnose a mammal Suffering from a disease, disorder or 
condition; (51) is used diagnose a 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 cell lysate; (55) is ribosomally translated; (56) 
may be post-translationally 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 
translationally modified by reductive amination at a pH of 
about 5; (59) may be post-translationally modified by reduc 
tive amination at a pH of about 4; (60) reacts rapidly in 
reductive amination reactions; (61) reacts in less than about 
10 hours in reductive amination reactions; (62) reacts in less 
than about 8 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 
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1 hour in reductive amination reactions, or (66) reacts in less 
than about 30 minutes in reductive amination reactions. 

In 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 two of the aforementioned 
characteristics. In further or alternative embodiments the 
non-natural aldehyde-based amino acid polypeptides and 
modified non-natural aldehyde-based amino acid polypep 
tides described herein have at least three of the aforemen 
tioned characteristics. In 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 four of the 
aforementioned characteristics. In 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. 

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 con 
tacting an isolated polypeptide comprising a non-natural 
amino acid with a water soluble polymer comprising a 
moiety that reacts with the non-natural amino acid. In some 
embodiments, the non-natural amino acid incorporated into 
is reactive toward a water soluble polymer that is otherwise 
unreactive toward any of the 20 common amino acids. In 
Some embodiments, the water polymer comprises a poly 
ethylene glycol moiety. The molecular weight of the poly 
mer 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 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 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 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 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 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, 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 molecu 
lar 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, 
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the molecular weight of the branched chain PEG is between 
about 5,000 Da and about 20,000 Da. 

Also described herein are compositions comprising a 
polypeptide comprising at least one of the non-natural amino 
acids described herein and a pharmaceutically acceptable 
carrier. In some embodiments, the non-natural amino acid is 
linked to a water soluble polymer. Also described herein are 
pharmaceutical compositions comprising a pharmaceuti 
cally acceptable carrier and a polypeptide, wherein at least 
one amino acid is Substituted by a non-natural amino acid. 
In some embodiments, the non-natural amino acid com 
prises a saccharide moiety. In some embodiments, the water 
soluble polymer is linked to the polypeptide via a saccharide 
moiety. 

Also described herein are cells comprising a polynucle 
otide encoding the polypeptide comprising a selector codon. 
In Some embodiments, the cells comprise an orthogonal 
RNA synthetase and/or an orthogonal tRNA for substituting 
a non-natural amino acid into the polypeptide. In some 
embodiments the cells are in a cell culture, whereas in other 
embodiments the cells of part of a multicellular organism, 
including amphibians, reptiles, birds, and mammals. In any 
of the cell embodiments, further embodiments include 
expression of the polynucleotide to produce the non-natural 
amino acid polypeptide. In some embodiments, the non 
natural amino acid polypeptide is produced in vitro. In some 
embodiments, the non-natural amino acid polypeptide is 
produced in cell lysate. In some embodiments, the non 
natural amino acid polypeptide is produced by ribosomal 
translation. 

Also described herein are methods of making a polypep 
tide comprising a non-natural amino acid. In some embodi 
ments, the methods comprise culturing cells comprising a 
polynucleotide or polynucleotides encoding a polypeptide, 
an orthogonal 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. 

Also described herein are libraries of the non-natural 
amino acids described herein or libraries 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 arrays containing at least one non-natural amino 
acid, at least one non-natural amino acid polypeptide, and/or 
at least one modified non-natural amino acid. Also described 
herein are arrays containing at least one polynucleotide 
encoding a polypeptide comprising a selector codon. The 
arrays described herein may be used to screen for the 
production of the non-natural amino acid polypeptides in an 
organism (either by detecting transcription of the polynucle 
otide encoding the polypeptide or by detecting the transla 
tion of the polypeptide). 

Also described herein are methods for screening libraries 
described herein for a desired activity, or 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 therapeutic agents, as well as the 
therapeutic agents themselves. 

Also described herein are methods of increasing thera 
peutic 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. 
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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-natural amino acid and a pharmaceutically 
acceptable carrier. In some embodiments, the non-natural 
amino acid is linked to a water soluble polymer. 

It is to be understood that the methods and compositions 
described herein are not limited to the particular methodol 
ogy, protocols, cell 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 claims. 
As used herein and in the appended claims, the singular 

forms “a,” “an,” and “the include plural reference unless 
the context clearly indicates otherwise. 

Unless defined otherwise, all technical and scientific 
terms used herein have the same meaning as commonly 
understood to one of ordinary skill in the art to which the 
inventions described herein belong. Although any methods, 
devices, and materials similar or equivalent to 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. 

All publications and patents mentioned herein are incor 
porated 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 invention or for 
any other reason. 
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. 
The terms “alkoxy.” “alkylamino” and “alkylthio' are 

used in their conventional sense, and refer to alkyl groups 
linked to molecules via an oxygen atom, an amino group, a 
Sulfur atom, respectively. 
The term “alkyl, by itself 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, mono- or polyunsaturated and can 
include di- and multivalent radicals, having the number of 
carbon atoms designated (i.e. C-Co 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-butyl, isobutyl, sec-butyl, 
cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, 
homologs and isomers of for example, n-pentyl, n-hexyl, 
n-heptyl, n-octyl, and the like. An unsaturated alkyl group is 
one having one or more double bonds or triple bonds. 
Examples of unsaturated alkyl groups include, but are not 
limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(buta 
dienyl), 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 more 
detail below, such as "heteroalkyl, "haloalkyl and 
“homoalkyl. 
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The term “alkylene' by itself or as part of another 
molecule means a divalent radical derived from an alkane, 
as exemplified by (—CH2—), wherein in may be 1 to about 
24. By way of example only, such groups include, but are not 
limited to, groups having 10 or fewer carbon atoms such as 
the structures —CH2CH2— and —CH2CH2CH2CH2—. A 
“lower alkyl or “lower alkylene' is a shorter chain alkyl or 
alkylene group, generally having eight or fewer carbon 
atoms. The term “alkylene, unless otherwise noted, is also 
meant to include those groups described below as “het 
eroalkylene.” 
The term “amino acid refers to naturally occurring and 

non-natural amino acids, as well as amino acid analogs and 
amino acid mimetics that function in a manner similar to the 
naturally 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, tryptophan, tyro 
sine, and Valine) and pyrrolysine and selenocysteine. Amino 
acid analogs refers to compounds that have the same basic 
chemical structure as a naturally occurring amino acid, by 
way of example, an a 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, 
norleucine) or may have modified peptide backbones, while 
still retaining the same basic chemical structure as a natu 
rally occurring amino acid. Non-limiting examples of amino 
acid analogs include homoserine, norleucine, methionine 
sulfoxide, methionine methyl sulfonium. 
Amino 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 Bio 
chemical Nomenclature Commission. Additionally, nucleo 
tides, may be referred to by their commonly accepted 
single-letter codes. 
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 mol 
ecules include, but are not limited to, polypeptides, poly 
nucleotides, 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 glycolor 
serum albumin. Terminus modification groups may be used 
to modify therapeutic characteristics of the polymeric mol 
ecule, including but not limited to increasing the serum 
half-life of peptides. 
By “antibody fragment' is meant any form of an antibody 

other than the full-length form. Antibody 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, Fc, Fab, and (Fab), single chain Fv (scFv), diabodies, 
triabodies, tetrabodies, bifunctional 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 antibodies, and the like 
(Maynard & Georgiou, 2000, Annu. Rev. Biomed. Eng. 
2:339-76; Hudson, 1998, Curr. Opin. Biotechnol. 9:395 
402). Another functional substructure is a single chain Fv 
(ScPV), comprised of the variable regions of the immuno 
globulin heavy and light chain, covalently connected by a 
peptide linker (S-Z Hu et al., 1996, Cancer Research, 56. 
3055-3061). These small (Mr 25,000) proteins generally 
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retain specificity and affinity for antigen in a single poly 
peptide and can provide a convenient building block for 
larger, antigen-specific molecules. Unless specifically noted 
otherwise, statements and claims that use the term “anti 
body' or “antibodies' specifically includes “antibody frag 
ment” and “antibody fragments.” 
The term “aromatic amine,” as used herein, refers to an 

aryl moiety which contains an amino moiety. Such amino 
moieties may include, but are not limited to primary amines, 
secondary amines, tertiary amines, masked amines, or pro 
tected amines. Such tertiary amines, masked amines, or 
protected amines may be converted to primary amine or 
secondary amine moieties. Additionally, the amine moiety 
may include an amine-like moiety which has similar chemi 
cal characteristics as amine moieties, including but not 
limited to chemical reactivity. 
The term “aromatic' or “aryl', as used herein, refers to a 

closed 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 "heteroaro 
matic') groups. The carbocyclic or heterocyclic aromatic 
group may contain from 5 to 20 ring atoms. The term 
includes monocyclic rings linked covalently or fused-ring 
polycyclic (i.e., rings which share adjacent pairs of carbon 
atoms) groups. An aromatic group can be unsubstituted or 
substituted. Non-limiting examples of “aromatic' or “aryl', 
groups include phenyl, 1-naphthyl 2-naphthyl, 4-biphenyl, 
anthracenyl, and phenanthracenyl. Substituents for each of 
the above noted aryland heteroaryl ring systems are selected 
from the group of acceptable substituents described below. 

For brevity, the term “aromatic' or “aryl' when used in 
combination with other terms (including but not limited to, 
aryloxy, arylthioxy, aralkyl) includes both aryl and het 
eroaryl 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, pyridylmethyl and the like) including 
those alkyl 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 not limited to, 
phenoxymethyl 2-pyridyloxymethyl, 3-(1-naphthyloxy) 
propyl, and the like. 
A “bifunctional polymer, also referred to as a “bifunc 

tional 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 peptides which 
contain Such natural or non-natural amino acids. By way of 
example only, a bifunctional linker may have a functional 
group reactive with a group on a first peptide, and another 
functional group which is reactive with a group on a second 
peptide, whereby 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. See, e.g., Euro 
pean Patent Application No. 188.256; U.S. Pat. Nos. 4,671, 
958, 4,659,839, 4414,148, 4,699,784; 4,680,338; and U.S. 
Pat. No. 4,569,789 which are incorporated by reference 
herein in their entirety. A "multi-functional polymer also 
referred to as a “multi-functional linker, refers to a polymer 
comprising two or more functional groups that are capable 
of reacting with other moieties. Such moieties 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, 



US 9,586,988 B2 
15 

amino acid side groups) to form covalent or non-covalent 
linkages. A bi-functional polymer or multi-functional poly 
mer 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 a 
compound and molecules it binds to or the compound. 
The term “bioavailability,” 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 avail 
able at the site of action or in the general circulation. 
The term “biologically active molecule”, “biologically 

active moiety” or “biologically active agent' when used 
herein means any Substance which can affect any physical or 
biochemical properties of a biological system, pathway, 
molecule, or interaction relating to an organism, including 
but not limited to, viruses, bacteria, bacteriophage, transpo 
son, prion, insects, fungi, plants, animals, and humans. In 
particular, as used herein, biologically active molecules 
include but are not limited to any substance intended for 
diagnosis, cure, mitigation, treatment, or prevention of dis 
ease in humans or other animals, or to otherwise enhance 
physical or mental well-being of humans or animals. 
Examples of biologically active molecules include, but are 
not limited to, peptides, proteins, enzymes, Small molecule 
drugs, hard drugs, soft drugs, carbohydrates, inorganic 
atoms or molecules, dyes, lipids, nucleosides, radionuclides, 
oligonucleotides, toxins, cells, viruses, liposomes, micropar 
ticles 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, antibi 
otics, fungicides, anti-viral agents, anti-inflammatory 
agents, anti-tumor agents, cardiovascular agents, anti-anxi 
ety agents, hormones, growth factors, Steroidal agents, 
microbially derived toxins, and the like. 
The term “biomaterial,” as used herein, refers to a bio 

logically-derived material, including but not limited to mate 
rial obtained from bioreactors and/or from recombinant 
methods and techniques. 
The term “biophysical probe,” as used herein, refers to 

probes which can detect or monitor structural changes in 
molecules. 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 macromol 
ecules. Examples of biophysical probes include, but are not 
limited to, spin-labels, a fluorophores, and photoactivatable 
groups. 
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. 

The term “carboxy terminus modification group' refers to 
any molecule that can be attached to a terminal carboxy 
group. By way of example, such terminal carboxy groups 
may be at the end of polymeric molecules, wherein Such 
polymeric molecules include, but are not limited to, poly 
peptides, 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 poly 
ethylene glycol or serum albumin. Terminus modification 
groups may be used to modify therapeutic characteristics of 
the polymeric molecule, including but not limited to increas 
ing the serum half-life of peptides. 
The term “chemically cleavable group, also referred to as 

“chemically labile', as used herein, refers to a group which 
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breaks or cleaves upon exposure to acid, base, oxidizing 
agents, reducing agents, chemical initiators, or radical ini 
tiators. 
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 oxidants like hydrogen peroxide (H2O) in the 
presence of a base and a metal catalyst to produce an excited 
state product (3-aminophthalate, 3-APA). 
The term "chromophore,” as used herein, refers to a 

molecule which absorbs light of visible wavelengths, UV 
wavelengths or IR wavelengths. 
The term "cofactor,” as used herein, refers to an atom or 

molecule essential for the action of a large molecule. Cofac 
tors include, but are not limited to, inorganic ions, coen 
Zymes, proteins, or some other factor necessary for the 
activity of enzymes. Examples include, heme in hemoglo 
bin, magnesium in chlorophyll, and metal ions for proteins. 

"Cofolding, as used herein, refers to refolding processes, 
reactions, or methods which employ at least two molecules 
which interact with each other and result in the transforma 
tion 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 improp 
erly folded polypeptides to native, properly folded polypep 
tides. Such polypeptides may contain natural amino acids 
and/or at least one non-natural amino acid. 
A “comparison window,” as used herein, refers a segment 

of any one of contiguous positions used to compare a 
sequence to a reference sequence of the same number of 
contiguous positions after the two sequences are optimally 
aligned. Such contiguous positions include, but are not 
limited to a group consisting of from about 20 to about 600 
sequential units, including about 50 to about 200 sequential 
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 and 
non-natural amino acids. In addition, by way of example 
only, Such sequences include polynucleotides with nucleo 
tides 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 limited to, by the local 
homology algorithm of Smith and Waterman (1970) Adv. 
Appl. Math. 2:482c, by the homology alignment algorithm 
of Needleman and Wunsch (1970).J. Mol. Biol. 48:443, by 
the search for similarity method of Pearson and Lipman 
(1988) Proc. Natl. Acad. Sci. USA 85:2444, by computer 
ized implementations of these algorithms (GAP, BESTFIT, 
FASTA, and TFASTA in the Wisconsin Genetics Software 
Package, Genetics Computer Group, 575 Science Dr. Madi 
son, Wis.), or by manual alignment and visual inspection 
(see, e.g., Ausubel et al., Current Protocols in Molecular 
Biology (1995 supplement)). 
By way of example, an algorithm which may be used to 

determine percent sequence identity and sequence similarity 
are the BLAST and BLAST 2.0 algorithms, which are 
described in Altschulet al. (1997) Nuc. Acids Res. 25:3389 
3402, and Altschulet al. (1990).J. Mol. Biol. 215:403-410, 
respectively. Software for performing BLAST analyses is 
publicly available through the National Center for Biotech 
nology Information. The BLAST algorithm parameters W. 
T, and X determine the sensitivity and speed of the align 
ment. The BLASTN program (for nucleotide sequences) 
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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 BLOSUM62 scoring matrix (see Henikoff and Henikoff 5 
(1992) Proc. Natl. Acad. Sci. USA 89:10915) alignments (B) 
of 50, expectation (E) of 10, M-5, N=-4, and a comparison 
of both strands. The BLAST algorithm is typically per 
formed with the “low complexity” filter turned off. 
The BLAST algorithm also performs a statistical analysis 

of the similarity between two sequences (see, e.g., Karlin 
and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873 
5787). One measure of similarity provided by the BLAST 
algorithm is the smallest sum probability (P(N)), 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 prob 
ability in a comparison of the test nucleic acid to the 20 
reference nucleic acid is less than about 0.2, more or less 
than about 0.01, or less than about 0.001. 

The term “conservatively modified variants' applies to 
both natural and non-natural amino acid and natural and 
non-natural nucleic acid sequences, and combinations 25 
thereof. With respect to particular nucleic acid sequences, 
“conservatively modified variants' refers to those natural 
and non-natural nucleic acids which encode identical or 
essentially identical natural and non-natural amino acid 
sequences, or where the natural and non-natural nucleic acid 30 
does not encode a natural and non-natural amino acid 
sequence, to essentially identical sequences. By way of 
example, 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, 35 
GCG and GCU all encode the amino acid alanine. Thus, at 
every position where an alanine is specified by a codon, the 
codon can be altered to any of the corresponding codons 
described without altering the encoded polypeptide. Such 
nucleic acid variations are “silent variations, which are one 40 
species of conservatively modified variations. Thus by way 
of example every natural or non-natural nucleic acid 
sequence herein which encodes a natural or non-natural 
polypeptide also describes every possible silent variation of 
the natural or non-natural nucleic acid. One of ordinary skill 45 
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 modified to yield a 
functionally identical molecule. Accordingly, each silent 50 
variation of a natural and non-natural nucleic acid which 
encodes a natural and non-natural polypeptide is implicit in 
each described sequence. 
As to amino acid sequences, individual Substitutions, 

deletions or additions to a nucleic acid, peptide, polypeptide, 55 
or protein sequence which alters, adds or deletes a single 
natural 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 60 
acid, or Substitution of a natural and non-natural amino acid 
with a chemically similar amino acid. Conservative Substi 
tution tables providing functionally similar natural amino 
acids are well known in the art. Such conservatively modi 
fied variants are in addition to and do not exclude polymor- 65 
phic variants, interspecies homologs, and alleles of the 
methods and compositions described herein. 
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Conservative substitution tables providing functionally 

similar amino acids are known to those of ordinary skill in 
the art. The 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 
8) Cysteine (C), Methionine (M) 
(see, e.g., Creighton, Proteins. Structures and Molecular 
Properties (W H Freeman & Co.; 2nd edition (December 
1993) 
The terms “cycloalkyl and "heterocycloalkyl, by them 

selves or in combination with other terms, represent, unless 
otherwise stated, cyclic versions of “alkyl and “het 
eroalkyl, respectively. Thus, a cycloalkyl or heterocy 
cloalkyl include Saturated, partially unsaturated and fully 
unsaturated ring linkages. Additionally, for heterocy 
cloalkyl, a heteroatom can occupy the position at which the 
heterocycle is attached to the remainder of the molecule. The 
heteroatom may include, but is not limited to, oxygen, 
nitrogen or Sulfur. Examples of cycloalkyl include, but are 
not limited to, cyclopentyl, 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-piperidi 
nyl, 4-morpholinyl, 3-morpholinyl, tetrahydrofuran-2-yl, 
tetrahydrofuran-3-yl, tetrahydrothien-2-yl, tetrahydrothien 
3-yl, 1-piperazinyl, 2-piperazinyl, and the like. Additionally, 
the term encompasses multicyclic structures, including but 
not limited to, bicyclic and tricyclic ring structures. Simi 
larly, the term "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. 
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 mol 
ecules. 
The term “cytotoxic, as used herein, refers to a com 

pound which harms cells. 
“Denaturing agent” or “denaturant, as used herein, refers 

to any compound or material which will cause a reversible 
unfolding of a polymer. By way of example only, “denatur 
ing agent' or “denaturants.” may cause a reversible unfold 
ing 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 denatur 
ant. By way of example, denaturing agents or denaturants 
include, but are not limited to, chaotropes, detergents, 
organic, water miscible solvents, phospholipids, or a com 
bination thereof. Non-limiting examples of chaotropes 
include, but are not limited to, urea, guanidine, and Sodium 
thiocyanate. Non-limiting examples of detergents may 
include, but are not limited to, strong detergents such as 
Sodium dodecyl Sulfate, or polyoxyethylene ethers (e.g. 
Tween or Triton detergents), Sarkosyl, mild non-ionic deter 
gents (e.g., digitonin), mild cationic detergents such as 
N->2.3-(Dioleyoxy)-propyl-N,N,N-trimethylammonium, 
mild ionic detergents (e.g. sodium cholate or sodium deoxy 
cholate) or Zwitterionic detergents including, but not limited 
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to, sulfobetaines (Zwittergent), 3-(3-chlolamidopropyl)dim 
ethylammonio-1-propane sulfate (CHAPS), and 3-(3-chlo 
lamidopropyl)dimethylammonio-2-hydroxy-1-propane Sul 
fonate (CHAPSO). Non-limiting examples of organic, water 
miscible solvents include, but are not limited to, acetonitrile, 
lower alkanols (especially C-C alkanols such as ethanol or 
isopropanol), or lower alkandiols (C-C alkandiols such as 
ethylene-glycol) may be used as denaturants. Non-limiting 
examples of phospholipids include, but are not limited to, 
naturally occurring phospholipids such as phosphatidyletha 
nolamine, phosphatidylcholine, phosphatidylserine, and 
phosphatidylinositol or synthetic phospholipid derivatives 
or variants such as dihexanoylphosphatidylcholine or dihep 
tanoylphosphatidylcholine. 

The term “detectable label,” as used herein, refers to a 
label which may be observable using analytical techniques 
including, but not limited to, fluorescence, chemilumines 
cence, electron-spin resonance, ultraviolet/visible absor 
bance spectroscopy, mass spectrometry, nuclear magnetic 
resonance, magnetic resonance, and electrochemical meth 
ods. 
The term “dicarbonyl, as used herein refers to a group 

containing at least two moieties selected from the group 
consisting of C(O)—, S(O) , S(O) , and 
—C(S)—, including, but not limited to, 1,2-dicarbonyl 
groups, a 1,3-dicarbonyl groups, and 1,4-dicarbonyl groups, 
and groups containing a least one ketone group, and/or at 
least one aldehyde groups, and/or at least one ester group, 
and/or at least one carboxylic acid group, and/or at least one 
thioester group. Such dicarbonyl groups include diketones, 
ketoaldehydes, ketoacids, ketoesters, and ketothioesters. In 
addition, such groups may be part of linear, branched, or 
cyclic molecules. 
The term “drug, as used herein, refers to any substance 

used in the prevention, diagnosis, alleviation, treatment, or 
cure of a disease or condition. 
The term “dye,” as used herein, refers to a soluble, 

coloring Substance which contains a chromophore. 
The term “effective amount,” as used herein, refers to a 

Sufficient amount of an agent or a compound being admin 
istered which will relieve to some extent one or more of the 
symptoms of the disease or 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 polypeptide, modified natural amino acid poly 
peptide, or modified non-amino acid polypeptide. Compo 
sitions containing Such natural amino acid polypeptides, 
non-natural amino acid polypeptides, modified 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 deter 
mined using techniques, such as a dose escalation study. 
The term “electron dense group,” as used herein, refers to 

a group which scatters electrons when irradiated with an 
electron beam. Such groups include, but are not limited to, 
ammonium molybdate, bismuth Submitrate cadmium iodide, 
99%, carbohydrazide, ferric chloride hexahydrate, hexam 
ethylene tetramine, 98.5%, indium trichloride anhydrous, 
lanthanum nitrate, lead acetate trihydrate, lead citrate trihy 
drate, lead nitrate, periodic acid, phosphomolybdic acid, 
phosphotungstic acid, potassium ferricyanide, potassium 
ferrocyanide, ruthenium red, silver nitrate, silver proteinate 
(Ag Assay: 8.0-8.5%) “Strong, silver tetraphenylporphin 
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(S-TPPS), sodium chloroaurate, sodium tungstate, thallium 
nitrate, thiosemicarbazide (TSC), uranyl acetate, uranyl 
nitrate, and Vanadyl Sulfate. 
The term “energy transfer agent, as used herein, refers to 

a molecule which can either donate or accept energy from 
another molecule. By way of example only, fluorescence 
resonance energy transfer (FRET) is a dipole-dipole cou 
pling process by which the excited-state energy of a fluo 
rescence donor molecule is non-radiatively transferred to an 
unexcited acceptor molecule which then fluorescently emits 
the donated energy at a longer wavelength. 
The terms "enhance' or "enhancing means to increase or 

prolong either in potency or duration a desired effect. By 
way of example, "enhancing the effect of therapeutic agents 
refers to the ability to increase or prolong, either in potency 
or duration, the effect of therapeutic agents on during 
treatment of a disease, disorder or condition. An 'enhancing 
effective 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. 
As used herein, the term “eukaryote” 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 (in 
cluding but not limited to, monocots, dicots, and algae), 
fungi, yeasts, flagellates, microsporidia, and protists. 
The term “fatty acid, as used herein, refers to carboxylic 

acids with about C or longer hydrocarbon side chain. 
The term “fluorophore, as used herein, refers to a mol 

ecule which upon excitation emits photons and is thereby 
fluorescent. 
The terms “functional group”, “active moiety”, “activat 

ing group”, “leaving group”, “reactive site'. “chemically 
reactive group' and “chemically reactive moiety,” as used 
herein, refer to portions or units of a molecule at which 
chemical reactions occur. The terms are somewhat synony 
mous in the chemical arts and are used herein to indicate the 
portions of molecules that perform some function or activity 
and are reactive with other molecules. 
The term “halogen includes fluorine, chlorine, iodine, 

and bromine. 
The term “haloacyl, as used herein, refers to acyl groups 

which contain halogen moieties, including, but not limited 
to. —C(O)CH, —C(O)CF, —C(O)CHOCH, and the 
like. 
The term “haloalkyl, as used herein, refers to alkyl 

groups which contain halogen moieties, including, but not 
limited to. —CF and —CHCF and the like. 
The term "heteroalkyl, as used herein, refers to straight 

or branched chain, or cyclic hydrocarbon radicals, or com 
binations thereof, consisting of an alkyl group and at least 
one heteroatom selected from the group consisting of O. N. 
Si and S, and wherein the nitrogen and Sulfur atoms may 
optionally be oxidized and the nitrogen heteroatom may 
optionally be quaternized. The heteroatom(s) O, NandS and 
Si may be placed at any interior position of the heteroalkyl 
group or at the position at which the alkyl group is attached 
to the remainder of the molecule. Examples include, but are 

- CH-CH=N OCH, and -CH=CH-N(CH)– 
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CH. In addition, up to two heteroatoms may be consecutive, 
such as, by way of example, —CH NH OCH and 
—CH2—O—Si(CH). 

The term "heteroalkylene, as used herein, refers to a 
divalent radical derived from heteroalkyl, as exemplified, 
but not limited by, —CH2—CH2—S—CH2—CH2— and 

CH, S CH-CH NH-CH For heteroalky 
lene groups, the same or different heteroatoms can also 
occupy either or both of the chain termini (including but not 
limited to, alkyleneoxy, alkylenedioxy, alkylene amino, 
alkylenediamino, aminooxyalkylene, and the like). Still fur 
ther, 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 RC(O), . 

The term "heteroaryl' or "heteroaromatic,” as used 
herein, refers to aryl groups which contain at least one 
heteroatom selected from N, O, and S.; wherein the nitrogen 
and Sulfur atoms may be optionally 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-pyrrolyl 3-pyra 
Zolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 
4-oxazolyl 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 
4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiaz 
olyl 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 
3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothi 
azolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, 
5-isoquinolyl 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, 
and 6-quinolyl. 
The term “homoalkyl, as used herein refers to alkyl 

groups which are hydrocarbon groups. 
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 sequen 
tial units which are the same when compared and aligned for 
maximum correspondence over a comparison window, or 
designated region as measured using a comparison algo 
rithm or by manual alignment and visual inspection. By way 
of example only, two or more sequences may be “substan 
tially identical” if the sequential units are about 60% iden 
tical, 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. 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 to the complement of a test 
sequence. By way of example only, two or more polypeptide 
sequences are identical when the amino acid residues are the 
same, while two or more polypeptide sequences are “sub 
stantially 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 specified, 
across the entire sequence of a polypeptide sequence. In 
addition, by way of example only, two or more polynucle 
otide sequences are identical when the nucleic acid residues 
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are the same, while two or more polynucleotide sequences 
are “substantially identical” if the nucleic acid residues are 
about 60% identical, about 65% identical, about 70% iden 
tical, 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 nucleic acids in length, over a region 
that is about 50 nucleic acids in length, or, where not 
specified, across the entire sequence of a polynucleotide 
Sequence. 

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 into a computer, Subse 
quence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. 
Default program parameters can be used, or alternative 
parameters can be designated. The sequence comparison 
algorithm then calculates the percent sequence identities for 
the test sequences relative to the reference sequence, based 
on the program parameters. 
The term “intercalating agent, also referred to as “inter 

calating group, as used herein, refers to a chemical 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. 
The term "isolated, as used herein, refers to separating 

and removing a component of interest from components not 
of interest. Isolated substances can be in either a dry or 
semi-dry state, or in solution, including but not limited to an 
aqueous solution. The isolated component can be in a 
homogeneous state or the isolated component can be a part 
of a pharmaceutical composition that comprises additional 
pharmaceutically acceptable carriers and/or excipients. 
Purity and homogeneity may be determined using analytical 
chemistry techniques including, but not limited to, polyacry 
lamide gel electrophoresis or high performance liquid chro 
matography. In addition, when a component of interest is 
isolated and is the predominant species present in a prepa 
ration, the component is described herein 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 least 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 least some 
of the cellular components with which it is associated in the 
natural state, or that the nucleic acid or protein has been 
concentrated to a level greater than the concentration of its 
in vivo 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. 
The term “label,” as used herein, refers to a substance 

which is incorporated into a compound and is readily 
detected, whereby its physical distribution may be detected 
and/or monitored. 
The term “linkage,” as used herein to refer to bonds or 

chemical moiety formed from a chemical reaction between 
the functional group of a linker and another molecule. Such 
bonds may include, but are not limited 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 oligonucleotide linkages. Hydrolytically stable 
linkages means that the linkages are Substantially stable in 
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water and do not react with water 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 aqueous Solutions, 
including for example, blood. Enzymatically unstable or 
degradable linkages means that the linkage can be degraded 
by one or more enzymes. By way of example only, PEG and 
related polymers may include degradable linkages in the 
polymer backbone or in the linker group between the 
polymer backbone and one or more of the terminal func 
tional 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 hydrolyze 
under physiological conditions to release the biologically 
active agent. Other hydrolytically degradable linkages 
include but are not limited to carbonate linkages; 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 limited to, at an end of a polymer Such as 
PEG, and a carboxyl group of a peptide; and oligonucleotide 
linkages formed by a phosphoramidite group, including but 
not limited to, at the end of a polymer, and a 5’ hydroxyl 
group of an oligonucleotide. 
The terms “medium' or “media, as used herein, refer to 

any culture medium used to grow and harvest cells and/or 
products expressed and/or secreted by such cells. Such 
"medium' or “media' include, but are not limited to, solu 
tion, Solid, semi-solid, or rigid supports that may support or 
contain any host cell, including, by way of example, bacte 
rial host cells, yeast host cells, insect host cells, plant host 
cells, eukaryotic host cells, mammalian host cells, CHO 
cells, prokaryotic host cells, E. coli, or Pseudomonas host 
cells, and cell contents. Such “medium' 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 prolif 
eration step. Such “medium' or “media also includes, but 
is not limited to, buffers or reagents that contain host cell 
lysates, by way of example a polypeptide produced intrac 
ellularly and the host cells are lysed or disrupted to release 
the polypeptide. 

The term “metabolite, as used herein, refers to a deriva 
tive of a natural amino acid polypeptide, a non-natural 
amino acid polypeptide, a modified natural amino acid 
polypeptide, or a modified non-natural amino acid polypep 
tide 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 poly 
peptide is metabolized. The term “active metabolite” refers 
to a biologically active derivative of a natural amino acid 
polypeptide, a non-natural amino acid polypeptide, a modi 
fied natural amino acid polypeptide, or a modified 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 metabo 
lized. 
The term “metabolized,” as used herein, refers to the sum 

of the processes by which a particular Substance is changed 
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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 Therapeutics, 9th Edition, 
McGraw-Hill (1996). By way of example only, metabolites 
of natural amino acid polypeptides, non-natural amino acid 
polypeptides, modified natural amino acid polypeptides, or 
modified non-natural amino acid polypeptides may be iden 
tified either by administration of the natural amino acid 
polypeptides, non-natural amino acid polypeptides, modi 
fied 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 
amino acid polypeptides, non-natural amino acid polypep 
tides, modified natural amino acid polypeptides, or modified 
non-natural amino acid polypeptides with hepatic cells in 
vitro and analysis of the resulting compounds. 
The term “metal chelator, as used herein, refers to a 

molecule which forms a metal complex with metal ions. By 
way of example, Such molecules may form two or more 
coordination bonds with a central metal ion and may form 
ring structures. 
The term “metal-containing moiety,” as used herein, 

refers to a group which contains a metal ion, atom or 
particle. Such moieties include, but are not limited to, 
cisplatin, chelated metals ions (such as nickel, iron, and 
platinum), and metal nanoparticles (such as nickel, iron, and 
platinum). 
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 uranium. 
The term “modified, as used herein refers to the presence 

of a change to a natural amino acid, a non-natural amino 
acid, a natural amino acid polypeptide or a non-natural 
amino acid polypeptide. Such changes, or modifications, 
may be obtained by post synthesis modifications of natural 
amino acids, non-natural amino acids, natural amino acid 
polypeptides 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 polypep 
tide under discussion can be modified or unmodified. 
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-natural amino acid, natural 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 administration of the 
biologically active molecule or modified biologically active 
molecule, and determining the concentration of that mol 
ecule in each sample. Correlation of the serum concentration 
with time allows calculation of the serum half-life. By way 
of example, modulated serum half-life may be an increased 
in serum half-life, which may enable an improved dosing 
regimens or avoid 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. 
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The term “modulated therapeutic half-life,” as used 
herein, refers to positive or negative change in the half-life 
of the therapeutically effective amount of a modified bio 
logically active molecule, relative to its non-modified form. 
By way of example, the modified biologically active mol 
ecules include, but are not limited to, natural amino acid, 
non-natural amino acid, natural amino acid polypeptide or 
non-natural amino acid polypeptide. By way of example, 
therapeutic half-life is measured by measuring pharmacoki 
netic and/or pharmacodynamic properties of the molecule at 
various time points after administration. Increased therapeu 
tic half-life may enable a particular beneficial dosing regi 
men, a particular beneficial total dose, or avoids an unde 
sired effect. 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-modified molecule, or an increased or 
decreased breakdown of the molecules by enzymes such as, 
by way of example only, proteases. 

The term “nanoparticle,” as used herein, refers to a 
particle which has a particle size between about 500 nm to 
about 1 nm. 
The term “near-stoichiometric, 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. 
As used herein, the term “non-eukaryote” refers to non 

eukaryotic organisms. By way of example, a non-eukaryotic 
organism may belong to the Eubacteria, (which includes but 
is not limited to, Escherichia coli, Thermus thermophilus, or 
Bacillus Stearothermophilus, Pseudomonas fluorescens, 
Pseudomonas aeruginosa, Pseudomonas putida), phyloge 
netic domain, or the Archaea, which includes, but is not 
limited to, Methanococcus jannaschii, Methanobacterium 
thermoautotrophicum, Archaeoglobus fulgidus, Pyrococcus 
firiosus, Pyrococcus horikoshii, Aeuropyrum permix, or 
Halobacterium Such as Haloferax volcanii and Halobacte 
rium species NRC-1, or phylogenetic domain. 

A“non-natural amino acid refers to an amino acid that is 
not one of the 20 common amino acids or pyrolysine or 
Selenocysteine. Other terms that may be used synonymously 
with the term “non-natural amino acid is “non-naturally 
encoded amino acid.” “unnatural amino acid, “non-natu 
rally-occurring amino acid,” and variously hyphenated and 
non-hyphenated versions thereof. The term “non-natural 
amino acid includes, but is not limited to, amino acids 
which occur naturally by modification of a naturally 
encoded amino acid (including but not limited to, the 
common amino acids or pyrrolysine and selenocysteine) but 
are not themselves incorporated into a growing polypeptide 
chain by the translation complex. Examples of naturally 
occurring amino acids that are not naturally-encoded 
include, but are not limited to, N-acetylglucosaminyl-L- 
serine, N-acetylglucosaminyl-L-threonine, and O-phospho 
tyrosine. Additionally, the term “non-natural amino acid 
includes, but is not limited to, amino acids which do not 
occur naturally and may be obtained synthetically or may be 
obtained by modification of non-natural amino acids. 
The term “nucleic acid, as used herein, refers to deoxy 

ribonucleotides, deoxyribonucleosides, ribonucleosides or 
ribonucleotides and polymers thereof in either single- or 
double-stranded form. By way of example only, such nucleic 
acids and nucleic acid polymers include, but are not limited 
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to, (i) analogues of natural nucleotides which have similar 
binding properties as a reference nucleic acid and are 
metabolized in a manner similar to naturally occurring 
nucleotides; (ii) oligonucleotide analogs including, but are 
not limited to, PNA (peptidonucleic acid), analogs of DNA 
used in antisense technology (phosphorothioates, phospho 
roamidates, and the like); (iii) conservatively modified vari 
ants 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 et al., Nucleic Acid Res. 19:5081 (1991); 
Ohtsuka et al., J. Biol. Chem. 260:2605-2608 (1985); and 
Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)). 
The term “oxidizing agent, as used herein, refers to a 

compound or material which is capable of removing an 
electron from a compound being oxidized. By way of 
example oxidizing agents include, but are not limited to, 
oxidized glutathione, cystine, cystamine, oxidized dithio 
threitol, oxidized erythreitol, and oxygen. A wide variety of 
oxidizing agents are Suitable for use in the methods and 
compositions described herein. 
The term "photoaffinity label, as used herein, refers to a 

label with a group, which, upon exposure to light, forms a 
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. 
The term “photocaged moiety,” as used herein, refers to a 

group which, upon illumination at certain wavelengths, 
covalently or non-covalently binds other ions or molecules. 
The term “photocleavable group, as used herein, refers to 

a group which breaks upon exposure to light. 
The term "photocrosslinker,” as used herein, refers to a 

compound comprising two or more functional groups which, 
upon exposure to light, are reactive and form a covalent or 
non-covalent linkage with two or more monomeric or poly 
meric molecules. 
The term "photoisomerizable moiety,” as used herein, 

refers to a group wherein upon illumination with light 
changes from one isomeric form to another. 
The term “polyalkylene glycol, as used herein, refers to 

linear or branched polymeric polyether polyols. Such poly 
alkylene glycols, including, but are not limited to, polyeth 
ylene glycol, polypropylene glycol, polybutylene glycol, 
and derivatives thereof. Other exemplary embodiments are 
listed, for example, in commercial Supplier catalogs. Such as 
Shearwater Corporations catalog “Polyethylene Glycol and 
Derivatives for Biomedical Applications’ (2001). By way of 
example only, Such polymeric polyether polyols have aver 
age molecular weights between about 0.1 kDa to about 100 
kDa. By way of example, Such polymeric polyether polyols 
include, but are 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 
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 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. 
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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 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 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 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, 4,000 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 molecu 
lar 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. 
The term “polymer, as used herein, refers to a molecule 

composed of repeated Subunits. Such molecules include, but 
are not limited to, polypeptides, polynucleotides, or poly 
saccharides or polyalkylene glycols. 
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 equally to a description of a peptide 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. 
The term “post-translationally modified’ refers to any 

modification of a natural or non-natural amino acid which 
occurs after Such an amino acid has been translationally 
incorporated into a polypeptide chain. Such modifications 
include, but are not limited to, co-translational in vivo 
modifications, co-translational in vitro modifications (such 
as in a cell-free translation system), post-translational in 
Vivo modifications, and post-translational in vitro modifica 
tions. 

The term “prodrug, as used herein, refers to an agent that 
is converted into the parent drug in vivo or in vitro. The 
benefits of such prodrugs include, but are not limited to, (i) 
ease of administration compared with the parent drug; (ii) 
the prodrug may be bioavailable by oral administration 
whereas the parent is not; and (iii) the prodrug may also have 
improved solubility in pharmaceutical compositions com 
pared with the parent drug. A pro-drug includes a pharma 
cologically inactive, or reduced-activity, derivative 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 through the manipulation of 
the properties of a drug, such as physiochemical, biophar 
maceutical, or pharmacokinetic properties. Prodrugs are 
converted into active drug within the body through enzy 
matic or non-enzymatic reactions. Prodrugs may provide 
improved physiochemical properties such as better solubil 
ity, enhanced delivery characteristics. Such as specifically 
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targeting a particular cell, tissue, organ or ligand, and 
improved therapeutic value of the drug. 
The term “prophylactically effective amount,” as used 

herein, refers that amount of a composition containing at 
least one non-natural amino acid polypeptide or at least one 
modified non-natural amino acid polypeptide prophylacti 
cally applied to a patient which will relieve to some extent 
one or 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 prophylactically effective 
amounts by routine experimentation, including, but not 
limited to, a dose escalation clinical trial. 
The term “protected,” as used herein, refers to the pres 

ence of a “protecting group' or moiety that prevents reaction 
of the chemically reactive functional group under certain 
reaction conditions. The protecting group will vary depend 
ing on the type of chemically reactive group being protected. 
By way of example only, (i) if the chemically reactive group 
is an amine or a hydrazide, the protecting group may be 
selected from tert-butyloxycarbonyl (t-Boc) and 9-fluore 
nylmethoxycarbonyl (Fmoc); (ii) if the chemically reactive 
group is a thiol, the protecting group may be orthopyridyld 
isulfide; and (iii) if the chemically reactive group is a 
carboxylic acid, such as butanoic or propionic acid, or a 
hydroxyl group, the protecting group may be benzyl or an 
alkyl group Such as methyl, ethyl, or tert-butyl. 
By way of example only, blocking/protecting groups may 

also be selected from: 
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Additionally, protecting groups include, but are not lim 
ited to, including photolabile groups such as Nvoc and 
MeNvoc and other protecting groups known in the art. Other 
protecting groups are described in Greene and Wuts, Pro 
tective Groups in Organic Synthesis, 3rd Ed., John Wiley & 
Sons, New York, N.Y., 1999, which is incorporated herein 
by reference in its entirety. 

The term “radioactive moiety,” as used herein, refers to a 
group whose nuclei spontaneously give off nuclear radia 
tion, such as alpha, beta, or gamma particles; wherein, alpha 
particles are helium nuclei, beta particles are electrons, and 
gamma particles are high energy photons. 
The term “reactive compound,” as used herein, refers to 

a compound which under appropriate conditions is reactive 
toward another atom, molecule or compound. 

The term “recombinant host cell,” also referred to as "host 
cell.” refers to a cell which includes an exogenous poly 
nucleotide, wherein the methods used to insert the exog 
enous polynucleotide into a cell include, but are not limited 
to, direct uptake, transduction, f-mating, or other methods 
known in the art to create recombinant host cells. By way of 
example only, Such exogenous polynucleotide may be a 
nonintegrated vector, including but not limited to a plasmid, 
or may be integrated into the host genome. 
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 oxi 
dized. Examples of redox active agent include, but are not 
limited to, ferrocene, quinones, Ru"" complexes, Co.'" 
complexes, and Os' complexes. 
The term “reducing agent,” as used herein, refers to a 

compound or material which is capable of adding an elec 
tron 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 agents may be used, by way of example only, 
to maintain Sulfhydryl groups in the reduced State and to 
reduce intra- or intermolecular disulfide bonds. 

"Refolding,” as used herein describes any process, reac 
tion or method which transforms an improperly folded or 
unfolded state to a native or properly folded conformation. 
By way of example only, refolding transforms disulfide bond 
containing polypeptides from an improperly folded or 
unfolded state to a native or properly folded conformation 
with respect to disulfide bonds. Such disulfide bond con 
taining polypeptides may be natural amino acid polypeptides 
or non-natural amino acid polypeptides. 
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 Supports for Solid phase peptide 
synthesis, or sites for attachment of molecules prior to 
purification. 
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The term "saccharide,” as used herein, refers to a series of 

carbohydrates including but not limited to Sugars, monosac 
charides, oligosaccharides, and polysaccharides. 
The phrase “selectively hybridizes to or “specifically 

hybridizes to.” as used herein, refers to the binding, duplex 
ing, 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 
limited to, total cellular or library DNA or RNA. 
The term “spin label,” as used herein, refers to molecules 

which contain an atom or a group of atoms exhibiting an 
unpaired electron spin (i.e. a stable paramagnetic group) that 
can be detected by electron spin resonance spectroscopy and 
can be attached to another molecule. Such spin-label mol 
ecules include, but are not limited to, nitoryl radicals and 
nitroxides, and may be single spin-labels or double spin 
labels. 
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 
primary aromatic amine has 2 hydrogens, whereas a sec 
ondary amine has one hydrogen. 
The term "stoichiometric-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. 
The phrase “stringent hybridization conditions” refers to 

hybridization of sequences of DNA, RNA, PNA or other 
nucleic acid mimics, or combinations thereof, under condi 
tions of low ionic strength and high temperature. By way of 
example, under stringent conditions a probe will hybridize 
to its target Subsequence in a complex mixture of nucleic 
acid (including but not limited to, total cellular 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 example, 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 
a defined ionic strength and pH; (ii) 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 desta 
bilizing agents including, but not limited to, formamide, (iv) 
50% formamide, 5xSSC, and 1% SDS, incubating at 42°C., 
or 5xSSC, 1% SDS, incubating at 65° C., with wash in 
0.2xSSC, 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 at least two times 
background. An extensive guide to the hybridization of 
nucleic acids is found in Tijssen, Laboratory Techniques in 
Biochemistry and Molecular Biology—Hybridization with 
Nucleic Probes, “Overview of principles of hybridization 
and the strategy of nucleic acid assays” (1993). 
The term “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, a mammal including, but not limited to, a human. 
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The term “substantially purified, as used herein, refers to 
a component of interest that may be substantially or essen 
tially free of other components which normally accompany 
or interact with the component of interest prior to purifica 
tion. By way of example only, a component of interest may 
be “substantially purified” when the preparation of the 
component of interest contains less than about 30%, less 
than about 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 
1% (by dry weight) of contaminating components. Thus, a 
“substantially purified component of interest may have a 
purity level of about 70%, about 75%, about 80%, about 
85%, about 90%, about 95%, about 96%, about 97%, about 
98%, about 99% or greater. By way of example only, a 
natural amino acid polypeptide or a non-natural amino acid 
polypeptide may be purified from a native cell, or host cell 
in the case of recombinantly produced natural amino acid 
polypeptides or non-natural amino acid polypeptides. 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 about 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 1% (by dry weight) of contaminating 
material. By way of example when a natural amino acid 
polypeptide or a 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 at about 30%, about 25%, about 20%, about 15%, 
about 10%, about 5%, about 4%, about 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 a 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 5 g/L, about 4 g/L, about 3 g/L, about 2 
g/L, about 1 g/L, about 750 mg/L, about 500 mg/L, about 
250 mg/L, about 100 mg/L, about 50 mg/L, about 10 mg/L, 
or about 1 mg/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 may 
have a purity level of about 30%, about 35%, about 40%, 
about 45%, about 50%, about 55%, about 60%, about 65%, 
about 70%, about 75%, about 80%, about 85%, about 90%, 
about 95%, about 99% or greater as determined by appro 
priate methods, including, but not limited to, SDS/PAGE 
analysis, RP-HPLC, SEC, and capillary electrophoresis. 
The term "substituents' also referred to as “non-interfer 

ing 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-Co alkyl, C-Co alkenyl, 
C-Clo alkynyl, C-Co alkoxy, Cs-C aralkyl, C-C, 
cycloalkyl, C-C cycloalkenyl, phenyl, Substituted phenyl, 
toluoyl, Xylenyl, biphenyl, C-C alkoxyalkyl, Cs-C 
alkoxyaryl, Cs-C aryloxyalkyl, C7-C oxyaryl, C-C, 
alkylsulfinyl, C-C alkylsulfonyl, -(CH2), O—(C- 
Co alkyl) wherein m is from 1 to 8, aryl, substituted aryl, 
substituted alkoxy, fluoroalkyl, heterocyclic radical, substi 
tuted heterocyclic radical, nitroalkyl, - NO. —CN, NRC 
(O)—(C-C alkyl), —C(O)—(C-Co alkyl), C-C alk 
thioalkyl, —C(O)O (C-C alkyl), —OH, -SO =S, 
—COOH, -NR, carbonyl, —C(O)—(C-C alkyl)-CF, 
—C(O)—CF, —C(O)NR2 —(C-Co aryl)-S (Co-Co 
aryl), —C(O)—(Co-Co aryl), —(CH), O—(CH2) - 
O—(C-C alkyl) wherein each m is from 1 to 8, —C(O) 
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NR, C(S)NR, -SONR - NRC(O)NR - NRC(S) 
NR, salts thereof, and the like. Each R group in the 
preceding 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 chemi 
cal formulas, written from left to right, they equally encom 
pass the chemically identical substituents that would result 
from writing the structure from right to left, for example, 
—CHO— is equivalent to —OCH-. 
By way of example only, substituents for alkyl and 

heteroalkyl radicals (including those groups referred to as 
alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, 
cycloalkyl, heterocycloalkyl, cycloalkenyl, and heterocy 
cloalkenyl) includes, but is not limited to: —OR, =O. 
—NR =N OR, NR —SR, -halogen, —SiR —OC 
(O)R, C(O)R, COR, CONR - OC(O)NR, 
- 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 and —NO. Each R group in the pre 
ceding list includes, but is not limited to, hydrogen, Substi 
tuted or unsubstituted heteroalkyl, substituted or unsubsti 
tuted aryl, including but not limited to, aryl substituted with 
1-3 halogens, Substituted or unsubstituted alkyl, alkoxy or 
thioalkoxy groups, or aralkyl groups. When two R groups 
are attached to the same nitrogen atom, they can be com 
bined with the nitrogenatom to form a 5-, 6-, or 7-membered 
ring. For example, —NR is meant to include, but not be 
limited to, 1-pyrrolidinyl and 4-morpholinyl. 
By way of example, substituents for aryl and heteroaryl 

groups include, but are not limited to. —OR, =O. —NR, 
—N OR, —NR —SR, -halogen, SiR —OC(O)R. 

C(O)R, COR, CONR, OC(O)NR, 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-C)alkoxy, and 
fluoro(C-C)alkyl, in a number ranging from Zero to the 
total number of open Valences 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 
heteroaryl. 
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 adminis 
tered to a patient already Suffering from a disease, 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, disorder or condition being treated. The effective 
ness of Such compositions depend conditions including, but 
not limited to, the severity and course of the disease, 
disorder or condition, previous therapy, the patients health 
status and response to the drugs, and the judgment of the 
treating physician. By way of example only, therapeutically 
effective amounts may be determined by routine experimen 
tation, including but not limited to a dose escalation clinical 
trial. 
The term “thioalkoxy.' as used herein, refers to sulfur 

containing alkyl groups linked to molecules via an oxygen 
atOm. 

The term “thermal melting point’ or T is the temperature 
(under defined ionic strength, pH, and nucleic concentration) 
at which 50% of probes complementary to a target hybridize 
to the target sequence at equilibrium. 
The term “toxic moiety,” as used herein, refers to a 

compound which can cause harm or death. 
The terms “treat,” “treating or “treatment’, as used 

herein, include alleviating, abating or ameliorating a disease 
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or condition symptoms, preventing additional symptoms, 
ameliorating or preventing the underlying metabolic causes 
of symptoms, inhibiting the disease or condition, e.g., arrest 
ing the development of the disease or condition, relieving 
the disease or condition, causing regression 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 thera 
peutic treatments. 
As used herein, the term “water soluble polymer refers 

to any polymer that is soluble in aqueous solvents. Such 
water soluble polymers include, but are not limited to, 
polyethylene glycol, polyethylene glycol propionaldehyde, 
mono C-Co alkoxy or aryloxy derivatives thereof (de 
scribed in U.S. Pat. No. 5.252,714 which is incorporated by 
reference herein), monomethoxy-polyethylene glycol, poly 
vinyl pyrrolidone, polyvinyl alcohol, polyamino acids, divi 
nylether maleic anhydride, N-(2-Hydroxypropyl)-methacry 
lamide, dextran, dextran derivatives including dextran 
Sulfate, polypropylene glycol, polypropylene oxide/ethylene 
oxide copolymer, polyoxyethylated polyol, heparin, heparin 
fragments, polysaccharides, oligosaccharides, glycans, cel 
lulose and cellulose derivatives, including but not limited to 
methylcellulose and carboxymethyl cellulose, serum albu 
min, starch and starch derivatives, polypeptides, polyalky 
lene glycol and derivatives thereof, copolymers of polyalky 
lene glycols and derivatives thereof, polyvinyl ethyl ethers, 
and alpha-beta-poly(2-hydroxyethyl)-DL-aspartamide, and 
the like, or mixtures thereof. By way of example, linkage of 
such water soluble polymers to a natural amino acid poly 
peptide or a non-natural polypeptide can result in changes 
including, but not limited to, increased or modulated serum 
half-life, increased or modulated therapeutic half-life rela 
tive to the unmodified form, modulated immunogenicity, 
modulated physical association characteristics including, 
but not limited to, aggregation and multimer formation, 
altered receptor binding, altered binding to one or more 
binding partners, and altered receptor dimerization or mul 
timerization. In addition, such water soluble polymers may 
or may not have their own biological activity. 

Unless otherwise indicated, conventional methods of 
mass spectroscopy, NMR, HPLC, protein chemistry, bio 
chemistry, recombinant DNA techniques and pharmacology, 
within the skill of the art are employed. 

Compounds, (including, but not limited to non-natural 
amino acids, non-natural amino acid polypeptides and modi 
fied 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 atom having an atomic mass or mass number 
different from the atomic mass or mass number usually 
found in nature. Examples of isotopes that can be incorpo 
rated into the present compounds include isotopes of hydro 
gen, carbon, nitrogen, oxygen, fluorine and chlorine. Such as 
PH, H, C, C, N, O, 7O, SS, F, C1, respectively. 
Certain isotopically-labeled compounds described herein, 
for example those into which radioactive 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. 
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Some of the compounds herein (including, but not limited 

to non-natural amino acids, non-natural amino acid poly 
peptides and modified non-natural amino acid polypeptides, 
and reagents for producing the aforementioned 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 differences by methods known, 
for example, by chromatography and/or fractional crystal 
lization. Enantiomers can be separated by converting the 
enantiomeric mixture into a diastereomeric mixture by reac 
tion with an appropriate optically active compound (e.g., 
alcohol), separating the diastereomers and converting (e.g., 
hydrolyzing) the individual diastereomers to the correspond 
ing pure enantiomers. All Such isomers, including diaste 
reomers, enantiomers, and mixtures thereof are considered 
as part of the compositions described herein. 

In additional or further embodiments, the compounds 
described herein (including, but not limited to non-natural 
amino acids, non-natural amino acid polypeptides and modi 
fied 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 polypep 
tides and modified non-natural amino acid polypeptides, and 
reagents 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-natu 
ral amino acids and modified or unmodified non-natural 
amino acid polypeptides. 
The methods and formulations described herein include 

the use of N-oxides, crystalline forms (also known as 
polymorphs), or pharmaceutically acceptable salts of non 
natural amino acids, non-natural amino acid polypeptides 
and modified non-natural amino acid polypeptides. In cer 
tain embodiments, non-natural amino 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 addi 
tion, the non-natural amino acids, non-natural amino acid 
polypeptides and modified non-natural amino acid polypep 
tides described herein can exist in unsolvated as well as 
solvated forms with pharmaceutically acceptable solvents 
such as water, ethanol, and the like. The solvated forms of 
the non-natural amino acids, non-natural amino acid poly 
peptides and modified non-natural amino acid polypeptides 
presented herein are also considered to be disclosed herein. 
Some of the compounds herein (including, but not limited 

to non-natural amino acids, non-natural amino acid poly 
peptides and modified non-natural amino acid polypeptides 
and reagents for producing the aforementioned compounds) 
may exist in several tautomeric forms. All Such tautomeric 
forms are considered as part of the compositions described 
herein. Also, for example all enol-keto forms of any com 
pounds (including, but not limited to non-natural amino 
acids, non-natural amino acid polypeptides and modified 
non-natural amino acid polypeptides and reagents for pro 
ducing the aforementioned compounds) herein are consid 
ered as part of the compositions described herein. 
Some of the compounds herein (including, but not limited 

to non-natural amino acids, non-natural amino acid poly 
peptides and modified non-natural amino acid polypeptides 
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and reagents for producing either of the aforementioned 
compounds) are acidic and may form a salt with a pharma 
ceutically 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 accord 
ingly, may form a salt with a pharmaceutically acceptable 
anion. All Such salts, including di-salts are within the scope 
of the compositions described herein and they can be 
prepared by conventional methods. For example, salts can 
be prepared by contacting the acidic and basic entities, in 
either an aqueous, non-aqueous or partially aqueous 
medium. The salts are recovered by using at least one of the 
following techniques: filtration, precipitation with a non 
solvent followed by filtration, evaporation of the solvent, or, 
in the case of aqueous solutions, lyophilization. 

Salts, for example, include: (1) acid addition salts, formed 
with inorganic acids such as hydrochloric acid, hydrobromic 
acid, Sulfuric 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, cin 
namic acid, mandelic acid, methanesulfonic acid, ethane 
Sulfonic acid, 1.2-ethanedisulfonic acid, 2-hydroxyethane 
Sulfonic acid, benzenesulfonic acid, 2-naphthalenesulfonic 
acid, 4-methylbicyclo-2.2.2]oct-2-ene-1-carboxylic acid, 
glucoheptonic acid, 4,4'-methylenebis-(3-hydroxy-2-ene-1- 
carboxylic acid), 3-phenylpropionic acid, trimethylacetic 
acid, tertiary butylacetic acid, lauryl Sulfuric acid, gluconic 
acid, glutamic acid, 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. Acceptable organic bases include etha 
nolamine, diethanolamine, triethanolamine, tromethamine, 
N-methylglucamine, and the like. Acceptable inorganic 
bases include aluminum hydroxide, calcium hydroxide, 
potassium hydroxide, Sodium carbonate, sodium hydroxide, 
and the like. 

It should be understood that a reference to a salt includes 
the solvent addition forms or crystal forms thereof, particu 
larly Solvates or polymorphs. Solvates contain either Stoi 
chiometric or non-stoichiometric amounts of a solvent, and 
are often formed during the process of crystallization. 
Hydrates are formed when the solvent is water, or alcoho 
lates are formed when the solvent is alcohol. Polymorphs 
include the different crystal packing arrangements of the 
same elemental composition of a compound. Polymorphs 
usually have different X-ray diffraction patterns, infrared 
spectra, melting points, density, hardness, crystal shape, 
optical and electrical properties, stability, and solubility. 
Various factors such as the recrystallization solvent, rate of 
crystallization, and storage temperature may cause a single 
crystal form to dominate. 

BRIEF DESCRIPTION OF THE FIGURES 

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 
methods, compositions, devices and apparatuses are utilized, 
and the accompanying drawings of which: 
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FIG. 1 illustrates a non-limiting aspect of methods for 

selecting and designing a polypeptide to be modified using 
the methods, compositions and techniques described herein. 

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 making, purifying, characterizing, and using non-natural 
amino acids, non-natural amino acid polypeptides and modi 
fied non-natural amino acid polypeptides described herein. 

FIG. 3 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 modi 
fied non-natural amino acid polypeptides described herein. 
For FIG. 3 only, X represents a halogen. 

FIG. 4 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 modi 
fied non-natural amino acid polypeptides described herein. 

FIG. 5 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 modi 
fied non-natural amino acid polypeptides described herein. 

FIG. 6 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 modi 
fied non-natural amino acid polypeptides described herein. 
For FIG. 6 only, X represents a halogen. 

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 modi 
fied non-natural amino acid polypeptides described herein. 

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 
any of the methods, compositions, techniques and strategies 
for making, purifying, characterizing, and using non-natural 
amino acids, non-natural amino acid polypeptides and modi 
fied non-natural amino acid polypeptides described herein. 

FIG. 9 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 modi 
fied non-natural amino acid polypeptides described herein. 
For FIG. 9 only, X represents a halogen. 

FIG. 10 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 
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amino acids, non-natural amino acid polypeptides and modi 
fied non-natural amino acid polypeptides described herein. 

FIG. 11 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, purify 
ing, characterizing, and using non-natural amino acids, 
non-natural amino acid polypeptides and modified non 
natural amino acid polypeptides described herein. 

FIG. 12 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, purify 
ing, characterizing, and using non-natural amino acids, 
non-natural amino acid polypeptides and modified non 
natural amino acid polypeptides described herein. 

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, purify 
ing, characterizing, and using non-natural amino acids, 
non-natural amino acid polypeptides and modified non 
natural amino acid polypeptides described herein. 

FIG. 14 presents illustrative, non-limiting examples of 
non-natural amino acids described herein which contain 
masked and/or protected amine moieties which can be 
converted to unmasked and/or deprotected amine moieties. 
Such non-natural amino acids may be used in or incorpo 
rated into any of the methods, compositions, techniques and 
Strategies for making, purifying, characterizing, and using 
non-natural amino acids, non-natural amino acid polypep 
tides and modified non-natural amino acid polypeptides 
described herein. 

FIG. 15 presents illustrative, non-limiting examples of 
non-natural amino acids described herein which contain 
masked and/or protected amine side chains for reductive 
amination with an aldehyde-containing reagent. 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 modi 
fied non-natural amino acid polypeptides described herein. 

FIG. 16 presents illustrative, non-limiting examples of the 
formation of polypeptides with aromatic amine-containing 
non-natural amino acids by reductive alkylations with alde 
hyde-containing reagents. 

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, com 
positions, 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. 

FIG. 18 presents illustrative, non-limiting examples of the 
formation of polypeptides with aldehyde-containing non 
natural amino acids by post-translational deprotecting/un 
masking of a protected/masked precursor followed by reduc 
tive aminations with aromatic amine-containing reagents. 

FIG. 19 presents illustrative, non-limiting examples of the 
site selective reductive alkylation and reductive amination of 
non-natural amino acid polypeptides. 

FIG. 20 presents illustrative, non-limiting examples of the 
reductive alkylations of reduced urotension-II (UT-II-SH) 
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with propionaldehyde (I) and benzaldehyde (II) and the 
corresponding HPLC chromatograms. 

FIG. 21 presents illustrative, non-limiting examples of 
reductive alkylations of urotension-II (UT-II) with propi 
onaldehyde (I) and benzaldehyde (II) and the corresponding 
HPLC chromatograms. 

FIG. 22 presents illustrative, non-limiting examples of 
reductive alkylations of peptide XT-8 with propionaldehyde 
(I) and benzaldehyde (II), isobutaldehyde (III) and pivalal 
dehyde (IV) and the corresponding HPLC chromatograms. 

FIG. 23 presents illustrative, non-limiting examples of 
reductive alkylations of peptide SXT-9 with propionalde 
hyde (I), benzaldehyde (II), isobutaldehyde (III) and piva 
laldehyde (IV) and the corresponding HPLC chromato 
grams. 

FIG. 24 presents illustrative, non-limiting examples of 
reductive alkylations of peptide HXT-9 with propionalde 
hyde (I), benzaldehyde (II), isobutaldehyde (III) and piva 
laldehyde (IV) and the corresponding HPLC chromato 
grams. 

FIG. 25 presents illustrative, non-limiting examples of 
reductive alkylations of peptide WXT-9 with propionalde 
hyde (I), benzaldehyde (II) and isobutaldehyde (III) and the 
corresponding HPLC chromatograms. 

FIG. 26 presents illustrative, non-limiting examples of 
reductive alkylations of peptide NXT-9 with propionalde 
hyde (I) and benzaldehyde (II) and the corresponding HPLC 
chromatograms. 

FIG. 27 presents illustrative, non-limiting examples of 
reductive alkylations of peptide RXT-10 with propionalde 
hyde (I) and benzaldehyde (II) and the corresponding HPLC 
chromatograms. 

FIG. 28 presents illustrative, non-limiting examples of 
reductive alkylations of peptide AXT-11 with propionalde 
hyde (I) and benzaldehyde (II) and the corresponding HPLC 
chromatograms. 

FIG. 29 presents illustrative, non-limiting examples of 
reductive alkylations of peptide AXT-11 with different alde 
hydes (I-III) and the corresponding HPLC chromatograms. 

FIG. 30 presents illustrative, non-limiting examples of 
reductive alkylations of peptide AXT-11 with different alde 
hydes (IV-VII) and the corresponding HPLC chromato 
grams. 

FIG. 31 presents illustrative, non-limiting examples of 
competitive reactions of peptide AXT-11 with an aldehyde 
and a 1,3-diketone (I-III) and the corresponding HPLC 
chromatograms. 

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. 

FIG. 33 presents illustrative, non-limiting examples of 
competitive reactions of peptide MXT-9 with different alde 
hydes and ketones (I-V) and the corresponding HPLC 
chromatograms. 

FIG. 34 presents illustrative, non-limiting examples of 
reduction of peptide MXT-9-N3 to MXT-9NH2 (I), followed 
by reductive alkylations with propionaldehyde (II) and ben 
Zaldehyde (III) and the corresponding HPLC chromato 
grams. 

FIG. 35 presents illustrative, non-limiting examples and 
comparison PEGylation of peptides by N-terminal PEGy 
lation and PEGylation of aromatic amine-containing non 
natural amino acids described herein. 
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FIG. 36 presents illustrative, non-limiting examples of 
PEG aldehyde reagents used to PEGylate aromatic amine 
containing non-natural amino acids incorporated into pep 
tides. 

FIG. 37 presents illustrative, non-limiting examples of 
PEGylation of MT-9 by N-terminal reductive alkylation. 

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

FIG. 39 presents illustrative, non-limiting examples of 
PEGylation of hCH and IFNC. by reductive alkylation of 
aromatic amine-containing non-natural amino acid incorpo 
rated into hCGH and IFNC. 

FIG. 40 presents illustrative, non-limiting image of an 
electrophoresis gel of various hCGH PEGylations. 

DETAILED DESCRIPTION OF THE 
INVENTION 

I. Introduction 

Recently, an entirely new technology in the protein sci 
ences 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 prokaryote 
Escherichia coli (E. coli) (e.g., L. Wang, et al., (2001), 
Science 292:498-500) and the eukaryote Saccharomyces 
cerevisiae (S. cerevisiae) (e.g., J. Chin et al., Science 301: 
964-7 (2003)), which has enabled the incorporation of 
non-natural amino acids to proteins in vivo. A number of 
new amino acids with novel chemical, physical or biological 
properties, including photoaffinity labels and photoisomer 
izable amino acids, photocrosslinking amino acids (See, 
e.g., Chin, J. W., et al. (2002) Proc. Natl. Acad. Sci. U.S.A. 
99:11020-11024; and, Chin, J. W., et al., (2002) J. Am. 
Chem. Soc. 124:9026-9027), heavy atom containing amino 
acids, keto amino acids, and glycosylated amino acids have 
been incorporated efficiently and with high fidelity into 
proteins in E. coli and in yeast in response to the amber 
codon, TAG, using this methodology. See, e.g., J. W. Chin 
et al., (2002), Journal of the American Chemical Society 
124:9026-9027 (incorporated by reference in its entirety); J. 
W. Chin, & P. G. Schultz, (2002), ChemBioChem 3(11): 
1135-1137 (incorporated by reference in its entirety); J. W. 
Chin, et al., (2002), PNAS United States of America 
99:11020-11024 (incorporated by reference in its entirety); 
and, L. Wang, & P. G. Schultz, (2002), Chem. Comm., 1:1-11 
(incorporated by reference in its entirety). These studies 
have demonstrated that it is possible to selectively and 
routinely 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 effi 
ciently and selectively to form stable covalent linkages. 

II. Overview 

FIG. 1 presents an overview of the compositions, methods 
and techniques that are described herein. At one level, 
described herein are the tools (methods, compositions, tech 
niques) for creating and using a polypeptide comprising at 
least one non-natural amino acid or modified non-natural 
amino acid with an aromatic amine or a heteroaromatic 
amine. The heteroaromatic group includes, but is not limited 
to, furans, pyrroles, thiophenes, pyridines, quinolines, iso 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

40 
quinolines, imidazole, thiazoles, pyrimidines, pyridazines, 
pyrazines, benzothiazoles, thiazolopyridines, oxazoles, ben 
ZOxazoles, oxazolopyridines, thiazolopyrimidines, oxazolo 
pyrimidines, 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 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 polynucleotide; a DNA; a 
RNA; an antisense polynucleotide; a saccharide, a water 
soluble dendrimer, a cyclodextrin, a biomaterial; a nanopar 
ticle; 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 ana 
logue; 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 chemilumi 
nescent 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 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, a mimotope, a receptor, a reverse micelle, 
and any combination thereof. 
As shown in FIG. 1, in one aspect are methods for 

selecting and designing a polypeptide to be modified using 
the methods, compositions and techniques described herein. 
The new polypeptide may 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 interests of the researcher. The new polypeptide may 
also be designed based on the structure of a known or 
partially characterized polypeptide. By way of example 
only, the Growth Hormone Gene Superfamily (see infra) has 
been the subject of intense study by the scientific commu 
nity; a new polypeptide may be designed based on the 
structure of a member or members of this gene Superfamily. 
The principles for selecting which amino acid(s) to Substi 
tute 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 polypep 
tide, improving the safety profile of the polypeptide, adjust 
ing the pharmacokinetics, pharmacologics and/or pharma 
codynamics 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 activity, or extend 
ing the circulation 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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Also described herein are non-natural amino acids that 
have or can be modified to contain an aromatic amine or a 
heteroaromatic amine. 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, thiazolopyrimi 
dines, oxazolopyrimidines, benzoxazines, and benzothiaz 
ines. Included with this aspect are methods for producing, 
purifying, characterizing and using Such non-natural amino 
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, char 
acterizing 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 (in 
cluding DNA and RNA) that can be used to produce, at least 
in part, a polypeptide containing at least one non-natural 
amino acid. Also included with this aspect are compositions 
of and methods for producing, purifying, characterizing and 
using cells that can express such oligonucleotides that can be 
used to produce, at least in part, a polypeptide containing at 
least one non-natural amino acid. 

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, qui 
nolines, isoquinolines, imidazole, thiazoles, pyrimidines, 
pyridazines, pyrazines, benzothiazoles, thiazolopyridines, 
oxazoles, benzoxazoles, oxazolopyridines, thiazolopyrimi 
dines, oxazolopyrimidines, benzoxazines, and benzothiaz 
ines. 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 
least 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, quino 
lines, isoquinolines, imidazole, thiazoles, pyrimidines, 
pyridazines, pyrazines, benzothiazoles, thiazolopyridines, 
oxazoles, benzoxazoles, oxazolopyridines, thiazolopyrimi 
dines, oxazolopyrimidines, benzoxazines, and benzothiaz 
ines. In some embodiments the post-translational modifica 
tion occurs via the cellular machinery (e.g., glycosylation, 
acetylation, acylation, lipid modification, palmitoylation, 
palmitate addition, phosphorylation, glycolipid-linkage 
modification, and the like), in many instances, such cellular 
machinery-based post-translational 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. 

In other embodiments the post-translational modification 
does not utilize cellular machinery, but the functionality is 
instead provided by attachment of a molecule (including but 
not limited to, a label; a dye; a polymer; a water-soluble 
polymer; a derivative of polyethylene glycol; a photocross 
linker, 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; a RNA; an 
antisense polynucleotide; a saccharide, a water-soluble den 
drimer, a cyclodextrin, a biomaterial; a nanoparticle; a spin 
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label; a fluorophore, a metal-containing moiety; a radioac 
tive moiety; a novel functional group; a group that cova 
lently or noncovalently interacts with other molecules; a 
photocaged moiety; an actinic radiation excitable moiety; a 
ligand; a photoisomerizable moiety; biotin; a biotin ana 
logue; 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 chemilumi 
nescent 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 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, a mimotope, a receptor, a reverse micelle, 
and any combination thereof) comprising a second reactive 
group to the at least one non-natural amino acid comprising 
a first reactive group (including 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 sec 
ond reactive groups may be carbonyl containing groups, 
including, but not limited to, aldehydes and ketones. In 
certain embodiments, the post-translational modification is 
made in vivo in a eukaryotic cell or in a non-eukaryotic cell. 
In certain embodiments, the post-translational modification 
is made in vitro. Also included with this aspect are methods 
for producing, purifying, characterizing and using Such 
polypeptides containing at least one such post-translation 
ally modified non-natural amino acids. 

Also included within the scope of the methods, compo 
sitions, strategies and techniques described herein are 
reagents capable of reacting with a non-natural amino acid 
(containing either an aromatic amine group, a heteroaro 
matic 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 
contain at least one reductively aminated aldehyde or 
ketone, which may undergo further modification reactions. 
Also included with this aspect are methods for producing, 
purifying, characterizing and using Such reagents that are 
capable of any such post-translational modifications of Such 
non-natural amino acid(s). 

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 embodi 
ments, the protein includes at least one post-translational 
modification that is made in vivo by a eukaryotic cell, where 
the post-translational modification 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, 
palmitate addition, phosphorylation, glycolipid-linkage 
modification, and the like. In one embodiment, the post 
translational modification comprises attachment of an oli 
gosaccharide to an asparagine by a GlcNAc-asparagine 
linkage (including but not limited to, where the oligosac 
charide comprises (GlcNAc-Man)-Man-GlcNAc-GlcNAc, 
and the like). In another embodiment, the post-translational 
modification comprises attachment of an oligosaccharide 
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(including but not limited to, Gal-GalNAc, Gal-GlcNAc, 
etc.) to a serine or threonine by a GalNAc-serine, a 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, a eukary 
otic secretion signal sequence, a eukaryotic secretion signal 
sequence 5'-optimized for bacterial expression, a novel 
secretion signal sequence, pectate lyase 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 (prokary 
otic), Fd GIII and M13 (phage), Bgl2 (yeast), and the signal 
sequence bla derived from a transposon. In certain embodi 
ments, a protein or polypeptide can comprise a secretion or 
localization sequence, an epitope tag, a FLAG tag, a poly 
histidine tag, a GST fusion, and/or the like. Also included 
with this aspect are methods for producing, purifying, char 
acterizing and using Such polypeptides containing at least 
one such post-translational modification. In other embodi 
ments, the glycosylated non-natural amino acid polypeptide 
is produced in a non-glycosylated form. Such a non-glyco 
Sylated form of a glycosylated non-natural amino acid may 
be produced by methods that include chemical or enzymatic 
removal of oligosaccharide groups from an isolated or 
Substantially purified or unpurified glycosylated non-natural 
amino acid polypeptide; production of the non-natural 
amino acid in a host that does not glycosylate such a 
non-natural amino acid polypeptide (such a host including, 
prokaryotes or eukaryotes engineered or mutated to not 
glycosylate such a polypeptide), the introduction of a gly 
cosylation inhibitor into the cell culture medium in which 
such a non-natural amino acid polypeptide is being produced 
by a eukaryote that normally would glycosylate Such a 
polypeptide, or a combination of any such methods. Also 
described herein are Such non-glycosylated forms of nor 
mally-glycosylated non-natural amino acid polypeptides (by 
normally-glycosylated is meant a polypeptide that would be 
glycosylated when produced under conditions in which 
naturally-occurring polypeptides are glycosylated). Of 
course, such non-glycosylated forms of normally-glycosy 
lated non-natural amino acid polypeptides may be in an 
unpurified form, a Substantially purified form, or in an 
isolated form. 

In certain embodiments, the protein includes at least one 
post-translational modification that is made in vitro, wherein 
the post-translational modification is stoichiometric, Stoi 
chiometric-like, or near-stoichiometric. Examples of Such 
post-translational modifications include, but are not limited 
to, reductive alkylations of aromatic amine groups or het 
eroaromatic amine groups with carbonyl containing reagents 
using a reducing agent. In certain embodiments, such post 
translational modifications include, but are not limited to, 
reductive alkylations of aromatic amine groups or heteroaro 
matic amine groups with aldehyde containing reagents using 
a reducing agent. In certain embodiments, such post-trans 
lational modifications include, but are not limited to, reduc 
tive alkylations of aromatic amine groups or heteroaromatic 
amine groups with aldehyde containing reagents using 
Sodium cyanoborohydride reducing agent. 
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 the 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, 18, 19, 20, or more different 
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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 
a 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-natural amino acids containing 
an aromatic amine, heteroaromatic amine, or protected 
forms thereof. 
The methods and compositions provided and described 

herein include polypeptides comprising at least one non 
natural amino acid containing an aromatic amine, heteroaro 
matic amine, or protected forms thereof. Introduction of at 
least one such non-natural amino acid into a polypeptide can 
allow for the application of conjugation chemistries that 
involve specific chemical reactions, including, but not lim 
ited 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 incorporated, the amino acid side chains can then be 
modified by utilizing chemistry methodologies known to 
those of ordinary skill in the art to be suitable for the 
particular functional groups or Substituents present in the 
naturally encoded amino acid. 
The non-natural amino acid methods and compositions 

described herein provides conjugates of Substances having a 
wide variety 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 com 
pound; 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 polynucle 
otide; a saccharide, a water-soluble dendrimer, a cyclodex 
trin, a biomaterial; a nanoparticle; a spin label; a fluoro 
phore, a metal-containing moiety; a radioactive moiety; a 
novel functional group; a group that covalently or nonco 
Valently interacts with other molecules; a photocaged moi 
ety; an actinic radiation excitable moiety; a ligand; a pho 
toisomerizable 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 biologi 
cally 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 mac 
romolecule, a mimotope, a receptor, a reverse micelle, and 
any combination thereof. 

In another aspect of the compositions, methods, tech 
niques 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, 
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diagnostic, assay-based, industrial, cosmetic, plant biology, 
environmental, energy-production, and/or military uses 
which would benefit from a polypeptide comprising a modi 
fied or unmodified non-natural amino acid polypeptide or 
protein. 

III. Location of Non-Natural Amino Acids in 
Polypeptides 

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, hydro 
philic amino acids for non-natural or natural hydrophilic 
amino acids and/or inserting the non-natural amino acid in 
a location that is not required for activity. 
A variety of biochemical and structural approaches can be 

employed to select the desired sites for substitution with a 
non-natural amino acid within the polypeptide. Any position 
of the polypeptide chain is suitable for selection to incor 
porate 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 a 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, antagonists, 
receptor binding modulators, receptor activity modulators, 
modulators of binding to binder partners, binding partner 
activity modulators, binding partner conformation modula 
tors, dimer or multimer formation, no change to activity or 
property compared to the native molecule, 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 poly 
peptide can be identified using point mutation analysis, 
alanine Scanning or homolog scanning methods known in 
the art. Residues other than those identified as critical to 
biological activity by alanine or homolog scanning muta 
genesis may be good candidates 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 amino acid, again 
depending on the desired activity sought for the polypeptide. 
Another alternative would be to simply make serial substi 
tutions in each position on the polypeptide chain with a 
non-natural amino acid and observe the effect on the activi 
ties 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 described herein. 

The structure and activity of naturally-occurring mutants 
of a polypeptide that contain deletions can also be examined 
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 
non-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 
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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 pro 
teins and nucleic acids. In addition, models may be made 
investigating the secondary and tertiary structure of poly 
peptides, if three-dimensional structural data is not avail 
able. Thus, the identity of amino acid positions that can be 
Substituted with non-natural amino acids can be readily 
obtained. 

Exemplary sites of incorporation of a non-natural amino 
acid include, but are not limited to, those that are excluded 
from potential receptor binding regions or regions for bind 
ing to binding proteins or ligands, may be fully 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 are highly flexible as predicted by the three-dimensional 
crystal structure of a particular polypeptide with its associ 
ated receptor, ligand or binding proteins. 
A wide variety of non-natural amino acids can be substi 

tuted for, or incorporated into, a given position in a poly 
peptide. 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 
associated ligand, receptor and/or binding proteins, a pref 
erence for conservative Substitutions (i.e., aryl-based non 
natural amino acids, such as p-acetylphenylalanine or 
O-propargyltyrosine substituting for Phe, Tyr or Trp), and 
the specific conjugation chemistry that one desires to intro 
duce into the polypeptide protein. 

In one embodiment, the method further includes incor 
porating 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 label; a dye; a polymer; a water-soluble 
polymer; a derivative of polyethylene glycol; a photocross 
linker, 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; a RNA; an 
antisense polynucleotide; a saccharide, a water-soluble den 
drimer, a cyclodextrin, a biomaterial; a nanoparticle; a spin 
label; a fluorophore, a metal-containing moiety; a radioac 
tive moiety; a novel functional group; a group that cova 
lently or noncovalently interacts with other molecules; a 
photocaged moiety; an actinic radiation excitable moiety; a 
ligand; a photoisomerizable moiety; biotin; a biotin ana 
logue; 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 chemilumi 
nescent 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 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, 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 aldehyde, wherein the amine 
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group is reductively alkylated upon contact with the alde 
hyde 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 alde 
hyde in the presence of a reducing agent, such as sodium 
cyanborohydride. 

In some cases, the non-natural amino acid substitution(s) 
or incorporation(s) will be combined with other additions, 
substitutions, or deletions within the polypeptide to affect 
other biological traits. In some cases, the other additions, 
substitutions or deletions may increase the stability (includ 
ing but not limited to, resistance to 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 (including but not limited to, 
when expressed in E. coli or other host cells) of the 
polypeptide. 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-natural amino acid for the purpose of increasing the 
polypeptide solubility following expression in E. coli or 
other recombinant host cells. In some embodiments, the 
polypeptides 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, modulates 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 cleavage sequences, reactive 
groups, antibody-binding domains (including 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, biotin) that 
improve detection (including but not limited to, GFP), 
purification transport thru tissues or cell membranes, prod 
rug release or activation, size reduction, or other traits of the 
polypeptide. 

IV. Growth Hormone Supergene Family as 
Exemplar 

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 least 
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, antihe 
molytic factor, antibody, antibody fragment, apolipoprotein, 
apoprotein, atrial natriuretic factor, atrial natriuretic poly 
peptide, 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, monocyte chemoat 
tractant protein-2, monocyte chemoattractant protein-3, 
monocyte inflammatory protein-1 alpha, monocyte inflam 
matory protein-1beta, RANTES, 1309, R83915, R91733, 
HCC1, T58847, D31065, T64262, CD40, CD40 ligand, c-kit 
ligand, collagen, colony stimulating factor (CSF), comple 
ment factor 5a, complement inhibitor, complement receptor 
1, cytokine, epithelial neutrophil activating peptide-78, 
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48 
MIP-16, MCP-1, epidermal growth factor (EGF), epithelial 
neutrophil activating peptide, erythropoietin (EPO), exfoli 
ating 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, glucocer 
ebrosidase, gonadotropin, growth factor, growth factor 
receptor, 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-I, 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, IL-9, IL-10, IL-11, IL-12, keratinocyte 
growth factor (KGF), lactoferrin, leukemia inhibitory factor, 
luciferase, neurturin, neutrophil inhibitory factor (NIF), 
oncostatin M, osteogenic protein, oncogene product, paraci 
tonin, parathyroid hormone, PD-ECSF, PDGF, peptide hor 
mone, pleiotropia, 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, soluble TNF receptor, Somatomedin, Somatostatin, 
Somatotropin, Streptokinase, Superantigens, staphylococcal 
enterotoxin, SEA, SEB, SEC1, SEC2, SEC3, SED, SEE, 
steroid hormone receptor, Superoxide dismutase, toxic shock 
syndrome toxin, thymosin alpha 1, tissue plasminogen acti 
vator, 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, my b, rel, estrogen receptor, progesterone receptor, tes 
tosterone receptor, aldosterone receptor, LDL receptor, and 
corticosterone. 

Thus, the following description of the growth hormone 
(GH) supergene family is provided for illustrative purposes 
and by way of example only, and not as a limit on the scope 
of the methods, compositions, strategies and techniques 
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 supergene family. Thus, 
it is understood that the modifications and chemistries 
described herein with reference to GH polypeptides or 
protein can be equally applied to any member of the GH 
Supergene family, including those specifically listed herein. 
The following proteins include those encoded by genes of 

the growth hormone (GH) Supergene family (Bazan, F., 
Immunology Today 11:350-354 (1990); Bazan, J. F. Science 
257: 410-413 (1992); Mott, H. R. and Campbell, I. D., 
Current Opinion in Structural Biology 5: 114-121 (1995); 
Silvennoinen, O. and Ihle, J. N., SIGNALLING BY THE HEMATOPOI 
ETIC CYTOKINE RECEPTORS (1996): growth hormone, prolactin, 
placental lactogen, erythropoietin (EPO), thrombopoietin 
(TPO), interleukin-2 (IL-2), IL-3, IL-4, IL-5, IL-6, IL-7, 
IL-9, IL-10, IL-11, IL-12 (p35 subunit), IL-13, IL-15. 
oncostatin M, ciliary neurotrophic factor, leukemia inhibi 
tory factor, alpha interferon, beta interferon, epsilon inter 
feron, gamma interferon, omega interferon, tau interferon, 
granulocyte-colony stimulating factor (G-CSF), granulo 
cyte-macrophage colony Stimulating factor (GM-CSF), 
macrophage colony Stimulating factor (M-CSF) and cardio 
trophin-1 (CT-1) (“the GH supergene family’). It is antici 
pated 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 second 
ary and tertiary structures, despite the fact that they gener 
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ally 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-natural amino 
acid methods and compositions described herein similarly 
applied. 

Structures of a number of cytokines, including G-CSF 
(Zink et al., FEBS Lett. 314:435 (1992); Zink et al., Bio 
chemistry 33:8453 (1994); Hill et al., Proc. Natl. Acad. Sci. 
USA 90:5167 (1993)), GM-CSF (Diederichs, K., et al. 
Science 154: 1779-1782 (1991); Walter et al., J. Mol. Biol. 
224: 1075-1085 (1992)). IL-2 (Bazan, J. F. and McKay, D. B. 
Science 257: 410-413 (1992)), IL-4 (Redfield et al., Bio 
chemistry 30: 11029-11035 (1991); Powers et al., Science 
256:1673-1677 (1992)), and IL-5 (Milburn et al., Nature 
363: 172-176 (1993)) have been determined by X-ray dif 
fraction and NMR studies and show striking conservation 
with the GH structure, despite a lack of significant primary 
sequence homology. IFN is considered to be a 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 additional cytokines and growth factors 
including ciliary neurotrophic factor (CNTF), leukemia 
inhibitory factor (LIF), thrombopoietin (TPO), oncostatin 
M. macrophage colony stimulating factor (M-CSF), IL-3, 
IL-6, IL-7, IL-9, IL-12, IL-13, IL-15, and granulocyte 
colony stimulating factor (G-CSF), as well as the IFN's such 
as alpha, 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 Ihle (1996) SIGNALLING BY THE HEMATOPO 
ETIC CYTOKINE RECEPTORS). All of the above cytokines and 
growth factors are now considered to comprise one large 
gene family. 

In addition to sharing similar secondary and tertiary 
structures, members of this family share the property that 
they must oligomerize cell Surface receptors to activate 
intracellular 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, IL-2, IL4. and IL-6, 
bind more than one type of receptor and cause the receptors 
to form heterodimers or higher order aggregates (Davis et 
al., (1993) Science 260: 1805-1808; Paonessa et al., 1995) 
EMBO J. 14: 1942-1951: Mott and Campbell, Current 
Opinion in Structural Biology 5: 114-121 (1995)). Muta 
genesis studies have shown that, like GH, these other 
cytokines and growth factors contain multiple receptor bind 
ing sites, typically two, and bind their cognate receptors 
sequentially (Mott and Campbell, Current Opinion in Struc 
tural Biology 5: 114-121 (1995); Matthews et al., (1996) 
Proc. Natl. Acad. Sci. USA 93:9471-9476). Like GH, the 
primary receptor binding sites for these other family mem 
bers occur primarily in the four alpha helices and the A-B 
loop. The specific amino acids in the helical bundles 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 large multi-gene family. See, 
e.g. U.S. Pat. No. 6,608,183, which is herein incorporated by 
reference in its entirety. 
A general conclusion reached from mutational studies of 

various members of the GH supergene family is that the 
loops joining the alpha helices generally tend to not be 
involved in receptor binding. In particular the short B-C loop 
appears to be non-essential for receptor binding in most, if 
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not all, family members. For this reason, the B-C loop may 
be substituted with non-natural amino acids as described 
herein in members of the GH supergene 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 also may be sites for introducing 
non-natural amino acids. In some embodiments, a non 
natural amino acid is Substituted at any position within a 
loop structure including but not limited to the first 1, 2, 3, 4, 
5, 6, 7, or more 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. 

Certain members of the GH family, including but not 
limited to, EPO, IL-2, IL-3, IL-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 
acid substitutions into the proteins Amino acids that com 
prise the N- and O-linked glycosylation sites in the proteins 
may be sites for non-natural 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 located away from the receptor binding sites. 

Additional members 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 
protein 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 secretion 
from the cell. Such later discovered members of the GH 
Supergene family also are included within the methods and 
compositions described herein. 

V. Non-Natural Amino Acids 

A very wide variety of non-natural amino acids are 
suitable for use in the methods and compositions described 
herein as long as they have at least one of the following four 
properties: (1) at least one functional 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, arginine, asparagine, aspartic acid, cys 
teine, glutamine, glutamic acid, glycine, histidine, isoleu 
cine, leucine, lysine, methionine, phenylalanine, proline, 
serine, threonine, tryptophan, tyrosine, and valine), or at 
least orthogonal to the chemical reactivity of the naturally 
occurring amino acids present in the polypeptide that 
includes the non-natural 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 stability commensu 
rate with the naturally-occurring amino acids or under 
typical physiological conditions, and further preferably Such 
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incorporation can occur via an in vivo system; and (4) the 
non-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 condi 
tions 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 
purpose 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. Illustra 
tive, 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 amino acids may also include 
a protected or masked aromatic amine or heteroaromatic 
amine, whereby upon deprotection or unmasking, the pro 
tected or masked aromatic amine or heteroaromatic amine 
are transformed into an aromatic amine or heteroaromatic 
amine. 

Non-natural amino acids of interest that may be suitable 
for use in the methods and compositions described herein 
include, but are not limited 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 cova 
lently or noncovalently interact with other molecules, pho 
tocaged 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 amino acids, amino 
acids comprising polyethylene glycol or polyether, heavy 
atom Substituted amino acids, chemically cleavable and/or 
photocleavable amino acids, amino acids with an elongated 
side chains as compared to natural amino acids, including 
but not limited to, polyethers or long chain hydrocarbons, 
including but not limited to, greater than about 5 or greater 
than about 10 carbons, carbon-linked Sugar-containing 
amino acids, redox-active amino acids, amino thioacid con 
taining amino acids, and amino acids comprising one or 
more toxic moiety. 

In some embodiments, non-natural amino acids comprise 
a saccharide moiety. Examples of Such amino acids include 
N-acetyl-L-glucosaminyl-L-serine, N-acetyl-L-galac 
tosaminyl-L-serine, N-acetyl-L-glucosaminyl-L-threonine, 
N-acetyl-L-glucosaminyl-L-asparagine and O-mannosami 
nyl-L-serine. Examples of Such amino acids also include 
examples where the naturally-occurring N- or O-linkage 
between the amino acid and the saccharide is replaced by a 
covalent linkage 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. 
The chemical moieties via non-natural amino acids that 

can be incorporated into proteins offer a variety of advan 
tages and manipulations of the protein. For example, a heavy 
atom non-natural amino acid, for example, 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 arylaZ 
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ides (including but not limited to, phenylazide) side chains), 
for example, allow for efficient in vivo and in vitro photo 
crosslinking of protein. Examples of photoreactive non 
natural amino acids include, but are not limited to, p-azido 
phenylalanine and p-benzoyl-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 methyl 
group of a non-natural amino can be substituted with an 
isotopically labeled, including but not limited to, methyl 
group, as a probe of local structure and dynamics, including 
but not limited to, with the use of nuclear magnetic reso 
nance and vibrational spectroscopy. 
A. Structure and Synthesis of Non-Natural Amino Acids: 
Alkylated Aromatic Amine Groups 

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 con 
verted into a aromatic amine group), or a protected aromatic 
amine group (which has reactivity similar to an aromatic 
amine group upon deprotection) allow for a variety of 
reactions to link molecules via various reactions, including 
but not limited to, reductive alkylation reactions with alde 
hyde containing reagents. Such aromatic amine containing 
non-natural amino acids include amino acids having the 
structure of Formula (A): 

(A) 
M 

NH (R), N/ . 

R3 
R3 B 

R R2 NN 
H R. 

O 

wherein: 

M 

(Ra), r 
v B 

is selected from the group consisting of a monocyclic aryl 
ring, a bicyclic aryl ring, a multicyclic aryl ring, a mono 
cyclic heteroaryl ring, a bicyclic heteroaryl ring, and a 
multicyclic 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'), —C(O) R', —C(O)N(R') —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; 
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each of R and R 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 —CHRs, or the M-N C(Rs.) moiety may form 
a 4 to 7 membered ring structure; 

Rs is alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 
alkynyl, Substituted alkynyl, 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"), C(O)NHCH(R"), 
-(alkylene or substituted alkylene)-N(R"), -(alkenylene 
or substituted alkenylene)-N(R"), -(alkylene or substi 
tuted alkylene)-(aryl or substituted aryl), -(alkenylene or 
substituted alkenylene)-(aryl or substituted aryl), -(alky 
lene or substituted alkylene)-ON(R"), -(alkylene or sub 
stituted 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, 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 photo 
crosslinker; 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 cofac 
tor; 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-contain 
ing 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; a chemically cleavable group; a photo 
cleavable 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 radio 
nucleotide; a neutron-capture agent; a derivative of biotin; 
quantum dot(s); a nanotransmitter, a radiotransmitter, an 
abzyme, an activated complex activator, a virus, an adju 
Vant, an aglycan, an allergan, an angiostatin, an antihor 
mone, 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)-, -(alkylene or 
substituted alkylene)-O , —C(O)— —C(O)-(alkylene 
or substituted alkylene)-, -(alkylene or substituted alky 
lene)-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 alky 
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54 
lene)-OC(O)N(R') -, - N(R')C(O) , – NRC(O)-(alky 
lene or substituted alkylene)-, -(alkylene or substituted 
alkylene)-NR'C(O)— —S —S-(alkylene or substi 
tuted alkylene)-, -S(O) - where k is 1, 2, or 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 
(alkylene or substituted alkylene)- —N(R')C(O)O—, 
-(alkylene or substituted alkylene)-O N=CR' , -(alky 
lene or substituted alkylene)-C(O)NR'-(alkylene or sub 
stituted alkylene)-, -(alkylene or substituted alkylene)-S 
(O)-(alkylene or Substituted alkylene)-S—, -(alkylene or 
substituted alkylene)-S-S —S(O)N(R')— —N(R') 
C(O)N(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(R) N(R') N(R') : 

or two Rs groups optionally form a cycloalkyl or a hetero 
cycloalkyl; 

or Rs and any R optionally form a cycloalkyl or a hetero 
cycloalkyl; and 

each 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 a non-natural amino acid 
polypeptide, polymer, polysaccharide, or a polynucleotide 
and optionally reductively alkylated. 
The structure 

M 

(Ra). r v B 
(as presented in all examples herein) does not present the 
relative orientations of “A,” “B,” “NH-M' and “R”; rather 
these four features of this structure may be oriented in any 
chemically-sound manner (along with other features of this 
structure), as illustrated by example herein. 

Non-natural amino acids containing an aromatic amine 
moiety having the structure of Formula (A) include non 
natural amino acids having the structure of Formula (I), 
Formula (II), Formula (III), Formula (IV), and Formula (V): 

(I) 
Ra A. 

21 NA 

R3 N A. 
R3 A1 

R R n 
N 
H R. 

O 

(II) 
B-A 

R W 3 

R3 N 
R R NN 

H R. 
O 
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R A A. 
21 SA 

R3 N 2. A 
R3 A. A. 

R R NN 
H R. 

O 

A B Aa N 
A. 

M R3 N ( 
R3 A. 

R R NN 
H R. 

O 

AEA 

\. 
B M s \ { 

R3 S. 
R3 A. 

R R2 NN 
H R. 

O 
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wherein, each A is independently selected from CR, N, or 

M 

C-NH, 

and up to two A" may be 

M 

C-NH 

with the remaining A selected from CR, or N. 
Such non-natural amino acids may also be in the form of a 
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salt, or may be incorporated into a non-natural amino acid 
polypeptide, polymer, polysaccharide, or a polynucleotide 
and optionally reductively alkylated. 

Non-limiting examples of non-natural amino acids con 

-continued 

Ra N 
No. 

R3 
R3 Ra 

Ra 

R R NN 
H R. 

O 

(VII) 

wherein; G is an amine protecting group, including, but not 
limited to, 

O 

Such 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 a polynucleotide 
and optionally reductively alkylated. 

taining an aromatic amine moiety having the structure of 
Formula (A) include non-natural amino acids having the 
structure of Formula (VI), and Formula (VII), Non-natural amino acids containing an aromatic amine 

moiety have the following structures: 
(VI) 55 

Ra 
R M 

Ra NH2, 

Ra N-Rs 
R3 60 
R3 Ra 

R 
Ra 

R 
R R2 R R NN NN 

H R. 65 H 
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-continued 
Rs 

N-M N1 M 
M 

Ra N- R5, 

Ra 

R 

N 
H 

O 
Rs 

N.-M N1 

R Ra 

Ra. 

Ra 

N 
H 

O 
Rs 

N.-M N1 

R Ra 

NH2, and 

Ra 

N 
H 

O 
Rs 

N.-M N1 

R Ra 

1N Rs: 

Ra M 
R n R2 

N 
H 

O 

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') —OR', and 
—S(O) R', where k is 1, 2, or 3: 
M is H or —CHRs, 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 polynucleotide; 
R is OH, an ester protecting group, resin, amino acid, 

polypeptide, or polynucleotide; 
Rs is alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 

alkynyl, Substituted alkynyl, alkoxy, Substituted alkoxy, 
alkylalkoxy, Substituted alkylalkoxy, polyalkylene oxide, 
substituted polyalkylene oxide, cycloalkyl, substituted 
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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"), C(O)NHCH(R"), 
-(alkylene or substituted alkylene)-N(R"), -(alkenylene 
or substituted alkenylene)-N(R"), -(alkylene or substi 
tuted alkylene)-(aryl or substituted aryl), -(alkenylene or 
substituted alkenylene)-(aryl or substituted aryl), -(alky 
lene or substituted alkylene)-ON(R"), -(alkylene or sub 
stituted 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, 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 photo 
crosslinker; 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 cofac 
tor; 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-contain 
ing 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; a chemically cleavable group; a photo 
cleavable 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 radio 
nucleotide; a neutron-capture agent; a derivative of biotin; 
quantum dot(s); a nanotransmitter, a radiotransmitter, an 
abzyme, an activated complex activator, a virus, an adju 
Vant, an aglycan, an allergan, an angiostatin, an antihor 
mone, 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)-, -(alkylene or 
substituted alkylene)-O , —C(O) , —C(O)-(alkylene 
or substituted alkylene)-, -(alkylene or substituted alky 
lene)-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 alky 
lene)-OC(O)N(R') -, - N(R')C(O) , – NRC(O)-(alky 
lene or substituted alkylene)-, -(alkylene or substituted 
alkylene)-NR'C(O)— —S —S-(alkylene or substi 
tuted alkylene)-, -S(O) - where k is 1, 2, or 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 
(alkylene or substituted alkylene)- —N(R')C(O)O—, 
-(alkylene or substituted alkylene)-O N=CR' , -(alky 
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lene or substituted alkylene)-C(O)NR'-(alkylene or sub 
stituted alkylene)-, -(alkylene or substituted alkylene)-S 
(O)-(alkylene or Substituted alkylene)-S—, -(alkylene or 
substituted alkylene)-S-S , —S(O)N(R')— —N(R') 
C(O)N(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(R) N(R') N(R')–: 

or Rs and any R optionally form a cycloalkyl or a hetero 
cycloalkyl; and 

each 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 a non-natural amino acid polypep 
tide, polymer, polysaccharide, or a polynucleotide. 

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 
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. 

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 moieties, 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 
into a non-natural amino acid polypeptide, polymer, poly 
saccharide, or a polynucleotide and optionally reductively 
alkylated. 
A non-limiting formation of an aromatic amine-contain 

ing 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-natural amino acid. Such protected 
or masked amine moieties include, but are not limited to, 
imines, hydrazines, nitro, or azide Substituents. The reducing 
agents used to reduce Such protected or masked amine 
moieties include, but are not limited to, TCEP. NaS, 
NaSO, LiAlH, NaBH or NaBCNH. Such non-natural 
amino acids containing the protected or masked amine 
moieties on an aromatic moiety have the structure of For 
mula (B), 

Y (R), N/ . 

R3 
R3 B 

(B) 

R NN 
H R. 

O 

wherein: 

Y 

(Ra) y 
B 
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is selected from the group consisting of a monocyclic aryl 
ring, a bicyclic aryl ring, a multicyclic aryl ring, a mono 
cyclic heteroaryl ring, a bicyclic heteroaryl ring, and a 
multicyclic 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'), —C(O), R', —C(O)N(R') —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 R 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; 

Y is NH NH, -NH NHR', CR—NR, NO, or 
—N, 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 polynucle 
otide. 

The structure 

(R), N/ . 

(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 manner (along with other features of this 
structure), as illustrated by example herein. 

Non-natural amino acids containing an aromatic amine 
moiety having the structure of Formula (B) include non 
natural amino acids having the structures of Formula (VIII), 
Formula (IX), Formula (X), and Formula (XI), 

(VIII) 
Ra 

Ra Y 

R3 
R3 Ra 

Ra 

R R2 
n N 
H 
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-continued 
(IX) 

Y 

Ra Ra 

R3 
R3 Ra 

Ra 

R R n 
N 
H R. 

O 

(X) 
Y 

Ra Ra 

R3 
R3 Y 

Ra 

R R n 
N 
H R. 

O 

(XI) 
Y 

Ra Y 

R3 
R3 Ra. 

Ra 

R R NN 
H R. 

O 

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 polynucle 
otide. Such non-natural amino acids may also be transla 
tionally incorporated into a non-natural amino acid poly 
peptide and then post-translationally modified by reduction 
to form non-natural amino acids having the structure of 
Formula (A) as part of the non-natural amino acid polypep 
tide. In addition, non-natural amino acids having the struc 
ture of Formula (B) may also be incorporated into 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, polynucleotide or chemically syn 
thesized polypeptide. Such incorporated non-natural amino 
acids having the structure of Formula (A) may then be 
optionally reductively alkylated. 

Other non-limiting examples of Such non-natural amino 
acids containing protected or masked amine moieties are 
shown in FIG. 15 
B. Structure and Synthesis of Non-Natural Amino Acids: 
Alkylated Aromatic Amine Groups 

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 con 
verted into a aromatic amine group), or a protected aromatic 
amine group (which has reactivity similar to a aromatic 
amine group upon deprotection) allow for a variety of 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

62 
reactions to link molecules via various reactions, including 
but not limited to, reductive alkylation reactions with alde 
hyde containing reagents. Such alkylated non-natural amino 
acids include amino acids having the structure of Formula 
(C): 

(C) 
M 

N R (R), / . n1 

R3 
R3 B 

R R 
SN R4 

O 

wherein: 

(Ra) or v B 
is selected from the group consisting of a monocyclic aryl 
ring, a bicyclic aryl ring, a multicyclic aryl ring, a mono 
cyclic heteroaryl ring, a bicyclic heteroaryl ring, and a 
multicyclic 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'), —C(O), R', —C(O)N(R') —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 R 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 —CHRs, or the M-N C(R) moiety may form 
a 4 to 7 membered ring structure; 

Rs is alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 
alkynyl, Substituted alkynyl, 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"), C(O)NHCH(R"), 
-(alkylene or substituted alkylene)-N(R"), -(alkenylene 
or substituted alkenylene)-N(R"), -(alkylene or substi 
tuted alkylene)-(aryl or substituted aryl), -(alkenylene or 
substituted alkenylene)-(aryl or substituted aryl), -(alky 
lene or substituted alkylene)-ON(R"), -(alkylene or sub 
stituted 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, 
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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, a water-soluble 
polymer, a derivative of polyethylene glycol; a photo 
crosslinker; 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 cofac 
tor; 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-contain 
ing 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; a chemically cleavable group; a photo 
cleavable 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 radio 
nucleotide; a neutron-capture agent; a derivative of biotin; 
quantum dot(s); a nanotransmitter, a radiotransmitter, an 
abzyme, an activated complex activator, a virus, an adju 
vant, an aglycan, an allergan, an angiostatin, an antihor 
mone, 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)-, -(alkylene or 
substituted alkylene)-O , —C(O)— —C(O)-(alkylene 
or substituted alkylene)-, -(alkylene or substituted alky 
lene)-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 alky 
lene)-OC(O)N(R)-, - N(R')C(O)-, - NRC(O)-(alky 
lene or substituted alkylene)-, -(alkylene or substituted 
alkylene)-NR'C(O)— —S —S-(alkylene or substi 
tuted alkylene)-. —S(O) - where k is 1, 2, or 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 
(alkylene or substituted alkylene)-, - N(R')C(O)O , 
-(alkylene or substituted alkylene)-O N=CR' , -(alky 
lene or substituted alkylene)-C(O)NR'-(alkylene or sub 
stituted alkylene)-, -(alkylene or substituted alkylene)-S 
(O)-(alkylene or Substituted alkylene)-S—, -(alkylene or 
substituted alkylene)-S-S —S(O)N(R')— —N(R') 
C(O)N(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(R) N(R') N(R') : 

or two Rs groups optionally form a cycloalkyl or a hetero 
cycloalkyl; 

or Rs and any R optionally form a cycloalkyl or a hetero 
cycloalkyl; and 

each R" is independently H, alkyl, or substituted alkyl. 
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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. 
The structure 

(Ra) 

(as presented in all examples herein) does not present the 
relative orientations of “A,” “B,” “N(M)CHRs and “R”: 
rather these four features of this structure may be oriented in 
any chemically-sound manner (along with other features of 
this structure), as illustrated by example herein. 

Non-natural amino acids containing an aromatic amine 
moiety having the structure of Formula (C) include non 
natural amino acids having the structure of Formula (XII), 
Formula (XIII). Formula (XIV), Formula (XV), and For 
mula (XVI): 

(XII) 
Ra A. 

21 NA 

R3 N A. 
R3 A1 

R R2 NN 
H R. 

O 

(XIII) 
B-A 

R W 3 

R3 S 
R R2 NN 

H R. 
O 

(XIV) 
A A. ne NA 

R3 N a. A 
R3 A. A. 

R R NN 
H R. 

O 

(XV) 
A B Aa N 

A. 
M R3 i 

R3 N 
R R2 NN 

H R. 
O 
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-continued 
(XVI) 

A'A' 

\. B s Y ( 
R3 S. 

R R2 n 
N 
H R. 

O 

wherein, each A is independently selected from CR, N, or 

M 

and up to two A" may be 

M 

Rs 
C-N-/ 

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

Other non-limiting examples of non-natural amino acids 
containing an aromatic amine moiety having the structure of 
Formula (C) are shown in FIGS. 8-10. 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. 
Compounds of Formula (C) may be formed by the reduc 

tive alkylation of compounds of Formula (A) with carbonyl 
containing reagents such as, by way of example, ketones, 
esters, thioesters, and aldehydes. By way of example, Such 
aldehyde containing reagents may have the structure corre 
sponding to 

- H 
wherein; 
Rs is alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 

alkynyl, Substituted alkynyl, 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"), C(O)NHCH(R"), 
-(alkylene or substituted alkylene)-N(R"), -(alkenylene 
or substituted alkenylene)-N(R"), -(alkylene or substi 
tuted alkylene)-(aryl or substituted aryl), -(alkenylene or 
substituted alkenylene)-(aryl or substituted aryl), -(alky 
lene or substituted alkylene)-ON(R"), -(alkylene or sub 
stituted alkylene)-C(O)SR", -(alkylene or substituted 
alkylene)-S-S-(aryl or substituted aryl), wherein each 
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R" is independently hydrogen, alkyl, substituted alkyl, 
alkenyl, 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 from the group 
consisting of a label; a dye; a polymer, a water-soluble 
polymer, a derivative of polyethylene glycol; a photo 
crosslinker; 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 cofac 
tor; 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-contain 
ing 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; a chemically cleavable group; a photo 
cleavable 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 radio 
nucleotide; a neutron-capture agent; a derivative of biotin; 
quantum dot(s); a nanotransmitter; a radiotransmitter; an 
abzyme, an activated complex activator, a virus, an adju 
Vant, an aglycan, an allergan, an angiostatin, an antihor 
mone, 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)-, -(alkylene or 
substituted alkylene)-O , —C(O) , —C(O)-(alkylene 
or substituted alkylene)-, -(alkylene or substituted alky 
lene)-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 alky 
lene)-OC(O)N(R') -, - N(R')C(O) , – NRC(O)-(alky 
lene or substituted alkylene)-, -(alkylene or substituted 
alkylene)-NR'C(O)— —S —S-(alkylene or substi 
tuted alkylene)-, -S(O) - where k is 1, 2, or 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 
(alkylene or substituted alkylene)- —N(R')C(O)O—, 
-(alkylene or substituted alkylene)-O N=CR' , -(alky 
lene or substituted alkylene)-C(O)NR'-(alkylene or sub 
stituted alkylene)-, -(alkylene or substituted alkylene)-S 
(O)-(alkylene or Substituted alkylene)-S—, -(alkylene or 
substituted alkylene)-S-S —S(O)N(R')— —N(R') 
C(O)N(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(R) N(R') N(R')—; each R" is independently H, 
alkyl, or substituted alkyl. 
Other non-natural amino acids having the structure of 

Formula (B) are non-limiting examples described herein: 
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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') —OR', and 
—S(O) R', where k is 1, 2, or 3: 
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M is H or —CHRs, or the M-N C(R) moiety may form 

a 4 to 7 membered ring structure; 
Rs is alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 

alkynyl, Substituted alkynyl, 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"), C(O)NHCH(R"), 
-(alkylene or substituted alkylene)-N(R"), -(alkenylene 
or substituted alkenylene)-N(R"), -(alkylene or substi 
tuted alkylene)-(aryl or substituted aryl), -(alkenylene or 
substituted alkenylene)-(aryl or substituted aryl), -(alky 
lene or substituted alkylene)-ON(R"), -(alkylene or sub 
stituted 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, 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 photo 
crosslinker; 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 cofac 
tor; 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-contain 
ing 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; a chemically cleavable group; a photo 
cleavable 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 radio 
nucleotide; a neutron-capture agent; a derivative of biotin; 
quantum dot(s); a nanotransmitter, a radiotransmitter, an 
abzyme, an activated complex activator, a virus, an adju 
Vant, an aglycan, an allergan, an angiostatin, an antihor 
mone, 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)-, -(alkylene or 
substituted alkylene)-O , —C(O) , —C(O)-(alkylene 
or substituted alkylene)-, -(alkylene or substituted alky 
lene)-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 alky 
lene)-OC(O)N(R') -, - N(R')C(O) , – NRC(O)-(alky 
lene or substituted alkylene)-, -(alkylene or substituted 
alkylene)-NR'C(O)— —S —S-(alkylene or substi 
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Such non-natural amino acids may also be in the form of a 
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polypeptide, polymer, polysaccharide, or a polynucleotide 
and optionally reductively alkylated. 

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 Formula (B) contained in polypep 
tides are initially reduced to give non-natural amino acids of 
Formula (A) containing aromatic amine moieties incorpo 
rated into non-natural amino acid polypeptides. Such aro 
matic amine moieties are then reductive alkylated with 
carbonyl-containing reagents described above to give poly 
peptides containing non-natural amino acids of Formula (C). 
Such reactions may also be applied to non-natural amino 
acids incorporated into synthetic polymers, polysaccharides, 
or polynucleotides. Additionally, such reactions may be 
applied to 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, NaS, 
NaSO, LiAlH. B.H. and NaBH4. By way of example 
only, reductive alkylation may occur 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 
for reductive alkylation including, but not limited to, TCEP. 
NaS, NaSO, LiAlH. B.H., and NaBH4. 

Presented in FIG. 16 are non-limiting exemplary synthe 
ses of non-natural amino acid polypeptides containing 
amino acids of Formula (C) by reductive alkylation of 
secondary aromatic amine moieties, contained in non-natu 
ral amino acids of Formula (A), with carbonyl-containing 
reagents described above. Such reductive alkylations give 
polypeptides containing non-natural amino acids with ter 
tiary aromatic amine moieties. Such reactions may also be 
applied to non-natural amino acids incorporated into Syn 
thetic polymers, polysaccharides, or polynucleotides. Addi 
tionally, such reactions may be applied to non-incorporated 
non-natural amino acids. By way of example only, reductive 
alkylation may occur 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 for reductive 
alkylation including, but not limited to, TCEP. NaS, 
NaSO, LiAlH. B.H., and NaBH. 
Compounds of Formula (C) may also be formed by the 

reductive alkylation of compounds of Formula (A) with 
reagents containing at least two carbonyl moieties, includ 
ing, but not limited to, diketones, ketoaldehydes and dial 
dehydes. By way of example, such reagents may have the 
structure corresponding to 

O O 

---, 
wherein; 
each R is independently selected from H, optionally sub 

stituted 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, polyalky 
lene oxide, Substituted polyalkylene oxide, cycloalkylene, 
Substituted cycloalkylene, arylene, Substituted arylene, 
heteroarylene, substituted heteroarylene, heterocy 

O 

ors 
O 

- O R1, 
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cloalkylene, substituted heterocycloalkylene. —C(O) 
R" C(O)OR" -, -C(O)N(R") , -(alkylene or substi 
tuted 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, alk 
enylene, Substituted alkenylene, alkynylene, Substituted 
alkynylene, aryl, Substituted aryl, heteroaryl, Substituted 
heteroaryl, heterocycle, substituted heterocycle, alkaryl, 
substituted alkaryl, aralkyl, or substituted aralkyl: 

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 photo 
crosslinker; 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 cofac 
tor; 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-contain 
ing 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; a chemically cleavable group; a photo 
cleavable 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 radio 
nucleotide; a neutron-capture agent; a derivative of biotin; 
quantum dot(s); a nanotransmitter, a radiotransmitter, an 
abzyme, an activated complex activator, a virus, an adju 
Vant, an aglycan, an allergan, an angiostatin, an antihor 
mone, 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)-, -(alkylene or 
substituted alkylene)-O , —C(O)— —C(O)-(alkylene 
or substituted alkylene)-, -(alkylene or substituted alky 
lene)-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 alky 
lene)-OC(O)N(R)-, - N(R')C(O)-, - NRC(O)-(alky 
lene or substituted alkylene)-, -(alkylene or substituted 
alkylene)-NR'C(O)— —S —S-(alkylene or substi 
tuted alkylene)-, - S(O) - where k is 1, 2, or 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 
(alkylene or substituted alkylene)-, - N(R')C(O)O , 
-(alkylene or substituted alkylene)-O N=CR' , -(alky 
lene or substituted alkylene)-C(O)NR'-(alkylene or sub 
stituted alkylene)-, -(alkylene or substituted alkylene)-S 
(O)-(alkylene or Substituted alkylene)-S—, -(alkylene or 
substituted alkylene)-S-S —S(O)N(R')— —N(R') 
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C(O)N(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(R) N(R') N(R')—; each R" is independently H, 
alkyl, or substituted alkyl; n is 1, 2, or 3. 

C. Structure and Synthesis of Non-Natural Amino Acids: 
Aminated Amino Acids 

Non-natural amino acids with electrophilic reactive 
groups, such as, by way of example only, an aldehyde group, 
a masked aldehyde group (which is a functional group which 
can be readily converted into an 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, reductive amination reactions with aro 
matic amine containing reagents. Such aminated non-natural 
amino acids include amino acids having the structure of 
Formula (D): 

(D) 
A Rs 

O R L 
3 n 1. B 

RIn R2 M 

wherein: 
L is optional, and when present is lower alkylene, Substituted 

lower alkylene, lower cycloalkylene, substituted lower 
cycloalkylene, lower alkenylene, substituted lower alk 
enylene, alkynylene, lower heteroalkylene, Substituted 
heteroalkylene, lower heterocycloalkylene, substituted 
lower heterocycloalkylene, arylene, Substituted arylene, 
heteroarylene, substituted heteroarylene, alkarylene, sub 
stituted 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 alkenylene, 
lower heteroalkylene, substituted lower heteroalkylene, 
—O— —O-(alkylene or Substituted alkylene)-, —S , 
—S-(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(S) , —C(S)-(alkylene or substituted alkylene)- 
—N(R')— —NR'-(alkylene or substituted alkylene)- 
—C(O)N(R') , – CONCR")-(alkylene or substituted 
alkylene)-, —CSN (R")— —CSN (R')-(alkylene or sub 
stituted alkylene)-, - N(R)CO —N(R')CO-(alkylene 
or substituted alkylene)-, —N(R')C(O)O— —S(O)N 
(R') , N(R')C(O)N(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(R) N(R') N(R') , 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; 

65 each of R and R 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; 
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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(O)N(R') —OR', and—S(O), 
R", where k is 1, 2, or 3: 

M is H or —CHRs: 
Rs is alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 

alkynyl, Substituted alkynyl, 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"), C(O)NHCH(R"), 
-(alkylene or substituted alkylene)-N(R"), -(alkenylene 
or substituted alkenylene)-N(R"), -(alkylene or substi 
tuted alkylene)-(aryl or substituted aryl), -(alkenylene or 
substituted alkenylene)-(aryl or substituted aryl), -(alky 
lene or substituted alkylene)-ON(R"), -(alkylene or sub 
stituted 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, 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 photo 
crosslinker; 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 cofac 
tor; 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-contain 
ing 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; a chemically cleavable group; a photo 
cleavable 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 radio 
nucleotide; a neutron-capture agent; a derivative of biotin; 
quantum dot(s); a nanotransmitter, a radiotransmitter, an 
abzyme, an activated complex activator, a virus, an adju 
Vant, an aglycan, an allergan, an angiostatin, an antihor 
mone, 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)-, -(alkylene or 
substituted alkylene)-O , —C(O)— —C(O)-(alkylene 
or substituted alkylene)-, -(alkylene or substituted alky 
lene)-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 alky 
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lene)-OC(O)N(R') -, - N(R')C(O) , – NRC(O)-(alky 
lene or substituted alkylene)-, -(alkylene or substituted 
alkylene)-NR'C(O)— —S —S-(alkylene or substi 
tuted alkylene)-, -S(O) - where k is 1, 2, or 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 
(alkylene or substituted alkylene)- —N(R')C(O)O—, 
-(alkylene or substituted alkylene)-O N=CR' , -(alky 
lene or substituted alkylene)-C(O)NR'-(alkylene or sub 
stituted alkylene)-, -(alkylene or substituted alkylene)-S 
(O)-(alkylene or Substituted alkylene)-S—, -(alkylene or 
substituted alkylene)-S-S —S(O)N(R')— —N(R') 
C(O)N(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(R) N(R') N(R') : 

or Rs and any R optionally form a cycloalkyl or a hetero 
cycloalkyl; 

each R" is independently H, alkyl, or substituted alkyl: 

(Ra). 

is selected from the group consisting of a monocyclic aryl 
ring, a bicyclic aryl ring, a multicyclic aryl ring, a mono 
cyclic heteroaryl ring, a bicyclic heteroaryl ring, and a 
multicyclic heteroaryl ring; 
A is independently CR, or N; and 
B is independently CR, N, O, or S. 
The structure 

(Ra). 

(as presented in all examples herein) does not present the 
relative orientations of “A.” “B,” “R” and the other sub 
stituent represented by the line and Squiggle; rather these 
four features of this structure may be oriented in any 
chemically-sound manner (along with other features of this 
structure), as illustrated by example herein. 
One embodiment of the non-natural amino acid contain 

ing a protected aldehyde moiety has the structure of Formula 
(E), 

(E) 
R3 L R6 
R3 No1 

R R2 
n N 

H R. 
O 
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wherein: 
L is optional, and when present is lower alkylene, Substituted 

lower alkylene, lower cycloalkylene, substituted lower 
cycloalkylene, lower alkenylene, substituted lower alk 
enylene, alkynylene, lower heteroalkylene, Substituted 
heteroalkylene, lower heterocycloalkylene, substituted 
lower heterocycloalkylene, arylene, Substituted arylene, 
heteroarylene, substituted heteroarylene, alkarylene, sub 
stituted 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 alkenylene, 
lower heteroalkylene, substituted lower heteroalkylene, 
—O-(alkylene or substituted alkylene)-. —S-(alkylene or 
substituted alkylene)-, where k is 1, 2, or 3, —S(O), 
(alkylene or substituted alkylene)-, —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")— —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, 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 R and R or two R groups 
optionally form a cycloalkyl or a heterocycloalkyl; 

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') —OR', and —S(O), 
R", where k is 1, 2, or 3: 

R is an aldehyde, a protected aldehyde or a masked alde 
hyde, wherein the protecting group includes, but is not 
limited to, 

X: 

RO OR \ | N 

; or s 

X2 X2 

where each X is independently selected from the group 
consisting of O—, S—, N(H) , N(R) , 
—N(Ac) , and —N(OMe)-; X is —OR, —OAc, SR, 
—N(R), —N(R)(Ac). —N(R)(OMe), or N, 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 a non-natural amino acid 
polypeptide, polymer, or a polynucleotide. Such non-natural 
amino acids may also be incorporated into a non-natural 
amino acid polypeptide and then post-translationally modi 
fied 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 amino 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) 
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may also be incorporated into a polymer or a polynucleotide 
and are 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 amino acids having the structure of Formula (D) as 
part of the polymer, or polynucleotide. 

Non-limiting examples of Such non-natural amino acids 
containing protected aldehyde moieties are shown in FIG. 
17. 
Compounds of Formula (D) may be formed, after depro 

tection of the aldehyde group of compounds of Formula (E), 
followed by the reductive amination of compounds of For 
mula (D) with aromatic amine containing reagents. Such 
aromatic amine containing reagents have the structure cor 
responding to 

A R5, 

( M 
NN B 
H 

wherein, 

A (Ra): \ 
B 

is selected from the group consisting of a monocyclic aryl 
ring, a bicyclic aryl ring, a multicyclic aryl ring, a mono 
cyclic heteroaryl ring, a bicyclic heteroaryl ring, and a 
multicyclic heteroaryl ring; 
A is independently CR, or N; and 
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'), —C(O), R', —C(O)N(R') —OR', and —S(O), 
R", where k is 1, 2, or 3; n is 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, 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"), C(O)NHCH(R"), 
-(alkylene or substituted alkylene)-N(R"), -(alkenylene 
or substituted alkenylene)-N(R"), -(alkylene or substi 
tuted alkylene)-(aryl or substituted aryl), -(alkenylene or 
substituted alkenylene)-(aryl or substituted aryl), -(alky 
lene or substituted alkylene)-ON(R"), -(alkylene or sub 
stituted 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, 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 photo 
crosslinker; 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 cofac 
tor; 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-contain 
ing 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; a chemically cleavable group; a photo 
cleavable 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 radio 
nucleotide; a neutron-capture agent; a derivative of biotin; 
quantum dot(s); a nanotransmitter, a radiotransmitter, an 
abzyme, an activated complex activator, a virus, an adju 
Vant, an aglycan, an allergan, an angiostatin, an antihor 
mone, 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)-, -(alkylene or 
substituted alkylene)-O , —C(O)— —C(O)-(alkylene 
or substituted alkylene)-, -(alkylene or substituted alky 
lene)-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 alky 
lene)-OC(O)N(R)-, - N(R')C(O)-, - NRC(O)-(alky 
lene or substituted alkylene)-, -(alkylene or substituted 
alkylene)-NR'C(O)— —S —S-(alkylene or substi 
tuted alkylene)-. —S(O) - where k is 1, 2, or 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 
(alkylene or substituted alkylene)-, - N(R')C(O)O , 
-(alkylene or substituted alkylene)-O N=CR' , -(alky 
lene or substituted alkylene)-C(O)NR'-(alkylene or sub 
stituted alkylene)-, -(alkylene or substituted alkylene)-S 
(O)-(alkylene or Substituted alkylene)-S—, -(alkylene or 
substituted alkylene)-S-S , —S(O)N(R')— —N(R') 
C(O)N(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(R) N(R') N(R')—; wherein each R" is indepen 
dently hydrogen, alkyl, Substituted alkyl, alkenyl, Substi 
tuted alkenyl, alkoxy, Substituted alkoxy, Substituted alky 
lene, alkenylene, Substituted alkenylene, alkynylene, 
Substituted alkynylene, aryl, Substituted aryl, heteroaryl, 
substituted heteroaryl, heterocycle, substituted hetero 
cycle, alkaryl, Substituted alkaryl, aralkyl, or substituted 
aralkyl. 
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A non-limiting exemplary synthesis of non-natural amino 

acid polypeptides containing amino acids of Formula (D) as 
presented in FIG. 18, wherein protected aldehyde moieties 
of non-natural 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 moi 
eties are then reductively aminated with aromatic amine 
containing reagents described above to give polypeptides 
containing non-natural amino acids of Formula (D). Such 
reactions may also be applied to non-natural amino acids 
incorporated into synthetic polymers, polysaccharides, or 
polynucleotides. Additionally, such reactions may be 
applied to non-incorporated non-natural amino acids. By 
way of example the protected aldehyde is deprotected by 
acid catalyzed deprotection. By way of example only, reduc 
tive amination may occur 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 (NaB 
CNH). In addition, other reducing agents may be used for 
reductive alkylation including, but not limited to, TCEP. 
NaS, NaSO, LiAlH. B.H., and NaBH4. 
Shown in FIG. 19 area 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 of a deprotected 
aldehyde moiety on non-natural amino 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 reac 
tion, wherein only the deprotected aldehyde moiety of 
non-natural amino acids of Formula (E) is reductively 
aminated while other carboxylate moieties, thiols and dis 
ulfide bonds are not reduced or do not react under the 
reaction conditions used. Such selective, site-specific 
derivatizations, reductive alkylation or reductive amination 
reactions may allow for modification of polypeptides/pro 
teins to design agonists and/or antagonists, site-specific 
pegylation of polypeptides/proteins, site-specific conjuga 
tion of polypeptides/proteins, prodrug design, polypeptide? 
protein glycosylation, polypeptide?protein dimerization, 
Small molecule drug conjugates of polypeptides/proteins, 
and Small molecule drug conjugates of antibodies. 

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-contain 
ing compounds, including aldehydes, and ketones, in a pH 
range of about 4 to about 10 (and in certain embodiments in 
a pH range of about 4 to about 7) to generate substituted 
amine, including secondary and tertiary amine, linkages. 
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 
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acid, which has been incorporated into a polypeptide, with 
an aldehyde-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). 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 allow 
ing use of polypeptides and reagents incompatible (to any 
extent) with non-aqueous solutions. Six, the reaction occurs 
readily even when the ratio of polypeptide or amino acid to 
reagent is stoichiometric, Stoichiometric-like, or near-stoi 
chiometric, so that it is unnecessary to add excess reagent or 
polypeptide to obtain a useful amount of reaction product. 
Seventh, the resulting amine can be produced regioselec 
tively 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 alde 
hydes with aromatic amine containing reagents, generates 
amine, including secondary and tertiary amine, linkages 
which are stable under biological conditions. 
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 uro 
tensin-II (UT-II-SH) with propionaldehyde (I) or benzalde 
hyde (II) demonstrates that one product is predominantly 
formed from the respective reactions, and that the free thiol 
group did not react. Also shown in FIG. 20 are the speed of 
the reactions, which was about 2 hours, and the stoichio 
metric or near-stoichiometric relationship between the 
reduced urotensin-II (UT-II-SH) and the respective aldehyde 
containing reagents. Additionally, the MS data for UT-II-SH, 
I, and II are presented. 
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-II 
(UT-II) with propionaldehyde (I) or benzaldehyde (II) dem 
onstrates 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 relationship between the urotensin-II (UT-II) 
and the respective aldehyde containing reagents. Addition 
ally, the MS data for UT-II-SH, I, and II are presented. 

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 (II), isobutaldehyde 
(III) and pivalaldehyde (IV), demonstrates that one product 
was predominantly formed from the respective reactions, 
and that the disulfide bond did not react. Also 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, I, II, III, and 
IV are presented. 
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Further non-limiting examples of the specificity and 

selectivity of the reductive alkylation reactions of aromatic 
amine moieties on amino acid residues which are next to 
various N-terminal amino acids are shown in FIGS. 23-27. 
In FIG. 23 the reductive alkylation of peptide SXT-9 (N-ter 
minal serine) with propionaldehyde (I), benzaldehyde (II), 
isobutaldehyde (III) and pivalaldehyde (IV), shows the 
speed of the reactions, which was about 2 hours, and the 
stoichiometric 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, II, III, and IV are presented. 

In FIG. 24 the reductive alkylation of peptide HXT-9 
(N-terminal histidine) with propionaldehyde (I), benzalde 
hyde (II), isobutaldehyde (III) and pivalaldehyde (IV), 
shows the speed of the reactions, which was about 2 hours, 
and the stoichiometric 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 reactions, 
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, III, and IV are shown. 

In FIG. 25 the reductive alkylation of peptide WXT-9 
(N-terminal tryptophan) with propionaldehyde (I), benzal 
dehyde (II), isobutaldehyde (III) 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 aldehyde containing 
reagents. In addition, FIG. 25 demonstrates that one product 
was predominantly formed from the respective reactions, 
that the disulfide bond did not react, and that the N-Trp 
residue has minimal effect on the selectivity. Also, the MS 
data for WXT-9, I, II, and III are shown. 

In FIG. 26 the reductive alkylation of peptide NXT-9 
(N-terminal asparagine) with propionaldehyde (I), benzal 
dehyde (II), isobutaldehyde (III) 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, FIG. 26 demonstrates that one product 
was predominantly formed from the respective reactions, 
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, I, and II are shown. 

In FIG. 27 the reductive alkylation of peptide RXT-10 
(N-terminal arginine) with propionaldehyde (I) and benzal 
dehyde (II) 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 alde 
hyde containing reagents. In addition, FIG. 27 demonstrates 
that one product was predominantly formed from the respec 
tive 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 II are shown. 
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 FIG. 28, wherein the reductive alkylation of peptide 
AXT-11 with propionaldehyde (I) and benzaldehyde (II) 
shows the speed of the reactions, which was 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 
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was predominantly formed from the respective reactions, 
that the disulfide bond did not react, and that the N-Ala 
residue has minimal effect on the selectivity. Also MS data 
for AXT-11, I, and II are presented. 

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 FIGS. 
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 stoichio 
metric or near-stoichiometric relationship between the AXT 
11 and the respective aldehyde containing reagents. In 
addition, FIG. 29 demonstrates that one product was pre 
dominantly formed from the respective reactions, and that 
the disulfide bond did not react. Also, MS data for AXT-11, 
I, II, and III are presented. In FIG. 30 the reductive alky 
lation of peptide AXT-11 with various heteroaromatic alde 
hyde containing reagents shows the speed of the reactions, 
which was about 5 hours, and the stoichiometric or near 
stoichiometric relationship between the AXT-11 and the 
respective aldehyde containing reagents. In addition, FIG. 
30 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, IV, V, VI are presented. 

FIGS. 31-33 show non-limiting examples of the specific 
ity and selectivity of the reductive alkylation reactions of 
aromatic amine moieties on amino acid residues in a peptide, 
wherein the aromatic amine moieties are reacted with either 
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 reactions, which was about 2 hours, and the 
stoichiometric or near-stoichiometric relationship between 
the AXT-11 and the respective aldehyde containing reagents. 
In addition, FIG. 31 demonstrates 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. In FIG. 32 the reductive alkylation of 
peptide NXT-9 with an aldehyde 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 moiety and only 
one product was predominantly 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 demonstrates 
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. 
A non-limiting example of the deprotecting (or unmask 

ing) of a protected (or masked) aromatic amine moiety on an 
amino 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 (I). Subse 
quent reductive alkylations of MXT-9NH2 (I) with propi 
onaldehyde (II) or benzaldehyde (III) then yields the corre 
sponding alkylated peptides. FIG. 34 demonstrates the 
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ability to form aromatic amine moieties after incorporation 
of a non-natural amino 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 containing reagents, only one 
product was predominantly formed, and the thiol groups did 
not react. 

D. Cellular Uptake of Non-Natural Amino Acids 
Non-natural amino acid uptake by a cell is one issue 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 
C.-amino acids Suggests that these compounds are unlikely to 
be cell permeable. Natural amino 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 amino acids, if any, are taken up by cells. See, 
e.g., the toxicity assays in, e.g., the U.S. Patent Publication 
No. 2004/198637 entitled “Protein Arrays,” which is herein 
incorporated by reference in its entirety; and Liu, D. R. & 
Schultz, P. G. (1999) Progress toward the evolution of an 
Organism with an expanded genetic code. PNAS United 
States 96:4780-4785. Although uptake is easily analyzed 
with various assays, an alternative to designing non-natural 
amino acids that are amenable to cellular uptake pathways is 
to provide biosynthetic pathways to create amino acids in 
V1VO. 

E. Biosynthesis of Non-Natural Amino Acids 
Many biosynthetic pathways already exist in cells for the 

production of amino acids and other compounds. While a 
biosynthetic method for a particular non-natural amino 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-natu 
ral amino acids are optionally generated in host cell by 
adding new enzymes or modifying existing host cell path 
ways. Additional new enzymes are optionally naturally 
occurring enzymes or artificially evolved enzymes. For 
example, the biosynthesis of p-aminophenylalanine (as pre 
sented in an example in WO 2002/085923 entitled “In vivo 
incorporation of unnatural amino acids) relies on the addi 
tion of a combination of known enzymes from other organ 
isms. 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 
compound. Examples of the types of enzymes that are 
optionally added are provided in the examples below. Addi 
tional enzymes sequences are found, for example, in Gen 
bank. Artificially evolved enzymes are also optionally added 
into a cell in the same manner. In this manner, the cellular 
machinery and resources of a cell are manipulated to pro 
duce non-natural amino acids. 
A variety of methods are available for producing novel 

enzymes for use in biosynthetic pathways or for evolution of 
existing pathways. For example, recursive recombination, 
including but not limited to, as developed by Maxygen, Inc. 
(available on the worldwide web at www.maxygen.com), is 
optionally used to develop novel enzymes and pathways. 
See, e.g., Stemmer (1994), Rapid evolution of a protein in 
vitro by DNA shuffling, Nature 370(4):389-391; and, Stem 
mer, (1994), DNA shuffling by random fragmentation and 
reassembly. In vitro recombination for molecular evolution, 
Proc. Natl. Acad. Sci. USA., 91:10747-10751. Similarly 
DesignPathTM, developed by Genencor (available on the 
world wide web at genencor.com) is optionally used for 
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metabolic pathway engineering, including but not limited to, 
to engineer a pathway to create O-methyl-L-tyrosine 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, to create 
new pathways. 

Typically, the non-natural amino acid produced with an 
engineered biosynthetic pathway as described herein is 
produced in a concentration Sufficient for efficient protein 
biosynthesis, including but not limited to, a natural cellular 
amount, but not to Such a degree as to affect the concentra 
tion of the other amino acids or exhaust cellular resources. 
Typical concentrations produced in 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 and a non-natural 
amino acid is generated, in 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 
The non-natural amino acids described herein may 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 com 
bined to create a desired functional group. The information 
provided is meant to be illustrative and not limiting to the 
synthetic techniques described herein. 

TABLE 

Examples of Covalent Linkages and Precursors Thereof 

Covalent Linkage Product Electrophile Nucleophile 

Carboxamides Activated esters amines?anilines 
Carboxamides acyl azides amines?anilines 
Carboxamides acyl halides amines?anilines 
Esters acyl halides alcoholsphenols 
Esters acyl nitriles alcoholsphenols 
Carboxamides acyl nitriles amines?anilines 
mines Aldehydes amines?anilines 
Hydrazones aldehydes or ketones Hydrazines 
Oximes aldehydes or ketones Hydroxylamines 
Alkyl amines alkyl halides amines?anilines 
Esters alkyl halides carboxylic acids 
Thioethers alkyl halides Thiols 
Ethers alkyl halides alcoholsphenols 
Thioethers alkyl sulfonates Thiols 
Esters alkyl sulfonates carboxylic acids 
Ethers alkyl sulfonates alcoholsphenols 
Esters Anhydrides alcoholsphenols 
Carboxamides Anhydrides amines?anilines 
Thiophenols aryl halides Thiols 
Aryl amines aryl halides Amines 
Thioethers AZindines Thiols 
Boronate esters Boronates Glycols 
Carboxamides 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 alcoholsphenols 
Amidines imido esters amines?anilines 
Ureas Isocyanates amines?anilines 
Urethanes Isocyanates alcoholsphenols 
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TABLE-continued 

Examples of Covalent Linkages and Precursors Thereof 

Covalent Linkage Product Electrophile Nucleophile 

Thioureas isothiocyanates amines?anilines 
Thioethers Maleimides Thiols 
Phosphite esters phosphoramidites Alcohols 
Sillyl ethers silyl halides Alcohols 
Alkyl amines Sulfonate esters amines?anilines 
Thioethers Sulfonate esters Thiols 
Esters Sulfonate esters carboxylic acids 
Ethers Sulfonate esters Alcohols 
Sulfonamides Sulfonyl halides amines?anilines 
Sulfonate esters Sulfonyl halides phenols alcohols 

In general, carbon electrophiles are Susceptible to attack 
by complementary nucleophiles, including carbon nucleop 
hiles, wherein an attacking nucleophile brings an electron 
pair to the carbon electrophile in order to form a new bond 
between the nucleophile and the carbon electrophile. 

Suitable carbon nucleophiles include, but are not limited 
to alkyl, alkenyl, aryl and alkynyl Grignard, organolithium, 
organozinc, alkyl-, alkenyl, aryl- and alkynyl-tin reagents 
(organostannanes), alkyl-, alkenyl-, aryl- and alkynyl-bo 
rane reagents (organoboranes and organoboronates); these 
carbon nucleophiles have the advantage of being kinetically 
stable in water or polar organic solvents. Other carbon 
nucleophiles include phosphorus ylids, enol and enolate 
reagents; 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 conjunction 
with carbon electrophiles, engender new carbon-carbon 
bonds between the carbon nucleophile and carbon electro 
phile. 

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

VI. Polypeptides with Non-Natural Amino Acids 

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 polypeptide. 
Preferably, the non-natural amino acid does not destroy the 
activity and/or the tertiary structure of the polypeptide 
relative to the homologous naturally-occurring amino acid 
polypeptide, unless Such destruction of the activity and/or 
tertiary structure was one of the purposes of incorporating 
the non-natural amino acid into the polypeptide. Further, the 
incorporation of the non-natural amino acid into the poly 
peptide may modify to Some extent the activity (e.g., 
manipulating the therapeutic effectiveness of the polypep 
tide, improving the safety profile of the polypeptide, adjust 
ing the pharmacokinetics, pharmacologics and/or pharma 
codynamics of the polypeptide (e.g., increasing water 
solubility, bioavailability, increasing serum half-life, 
increasing therapeutic half-life, modulating immunogenic 
ity, modulating biological activity, or extending the circula 
tion time), providing additional functionality to the poly 
peptide, incorporating a tag, label or detectable signal into 
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the polypeptide, easing the isolation properties of the poly 
peptide, and any combination of the aforementioned modi 
fications) and/or tertiary structure of the polypeptide relative 
to the homologous naturally-occurring amino acid polypep 
tide without fully causing destruction of the activity and/or 
tertiary structure. Such modifications of the activity and/or 
tertiary structure are often one of the goals of effecting Such 
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 homologous naturally-occurring 
amino acid polypeptide. Correspondingly, non-natural 
amino acid polypeptides, compositions comprising non 
natural amino 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 Such 
polypeptides and polypeptide compositions are considered 
within the scope of the present disclosure. Further, the 
non-natural amino acid polypeptides described herein may 
also be ligated to another polypeptide (including, by way of 
example, a non-natural amino acid polypeptide or a natu 
rally-occurring amino acid polypeptide). 
The non-natural amino acid polypeptides described herein 

may be produced biosynthetically or non-biosynthetically. 
By biosynthetically is meant any method utilizing a trans 
lation 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 utilizing solid 
state peptide synthetic methods, solid phase peptide syn 
thetic methods, 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. 
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 include at least one non-natural amino 
acids described herein. By way of example only, the poly 
peptide can be homologous to a therapeutic protein selected 
from the group consisting of alpha-1 antitrypsin, angiosta 
tin, antihemolytic factor, antibody, apolipoprotein, apopro 
tein, 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, monocyte chemoat 
tractant protein-2, monocyte chemoattractant protein-3, 
monocyte inflammatory protein-1 alpha, monocyte inflam 
matory protein-1beta, RANTES, 1309, R83915, R91733, 
HCC1, T58847, D31065, T64262, CD40, CD40 ligand, c-kit 
ligand, collagen, colony stimulating factor (CSF), comple 
ment factor 5a, 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), exfoli 
ating 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, glucocer 
ebrosidase, gonadotropin, growth factor, growth factor 
receptor, 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-I, IGF-II, interferon (IFN), IFN-alpha, IFN-beta, 
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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, IL-9, IL-10, IL-11, IL-12, keratinocyte 
growth factor (KGF), lactoferrin, leukemia inhibitory factor, 
luciferase, neurturin, neutrophil inhibitory factor (NIF), 
oncostatin M, osteogenic protein, oncogene product, paraci 
tonin, parathyroid hormone, PD-ECSF, PDGF, peptide hor 
mone, 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, soluble TNF receptor, Somatomedin, Somatostatin, 
Somatotropin, Streptokinase, Superantigens, staphylococcal 
enterotoxin, SEA, SEB, SEC1, SEC2, SEC3, SED, SEE, 
steroid hormone receptor, Superoxide dismutase, toxic shock 
syndrome toxin, thymosin alpha 1, tissue plasminogen acti 
vator, 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, my b, rel, estrogen receptor, progesterone receptor, tes 
tosterone 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 Supergene family. Non-limiting examples 
of peptides/proteins which may incorporate non-natural 
amino acids containing an aromatic amine moiety are shown 
in FIGS. 20-34. 
The non-natural amino acid polypeptides may be further 

modified as described elsewhere in this disclosure 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, 
including but not limited to, tailoring changes in protein 
structure and/or function, changing size, acidity, nucleophi 
licity, hydrogen bonding, hydrophobicity, accessibility of 
protease target sites, targeting to a moiety (including but not 
limited to, for a protein array), 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 proper 
ties, chemical and/or photochemical properties, catalytic 
ability, half-life (including but not limited to, serum half 
life), ability to react with other molecules, including but not 
limited to, covalently or noncovalently, and the like. The 
compositions including proteins that include at least one 
non-natural amino 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 Function, Current Opinion in Chemi 
cal Biology, 4:645-652. 

Further, the sidechain of the non-natural amino acid 
component(s) of a polypeptide can provide a wide range of 
additional functionality 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; 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; a resin; a 
second protein or polypeptide or polypeptide analog; an 
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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 nanopar 
ticle; 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 ana 
logue; 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 chemilumi 
nescent 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 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, a mimotope, a receptor, a reverse micelle, 
and any combination thereof. 

In one aspect, a composition includes at least one protein 
with at least one, including but not limited to, 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 at least ten or more 
non-natural amino acids. The non-natural amino acids can 
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 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 least 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 two 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 acids, the 
non-natural amino acids can be the same or different. 

Although embodiments of the non-natural amino acid 
polypeptides described herein may be chemically synthe 
sized via Solid phase peptide synthesis methods (e.g., on a 
Solid 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 membrane, cellular extract, or lysate 
system or via an in vivo system, i.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 
they may be synthesized utilizing ribosomes. In further or 
additional embodiments of the non-natural amino acid poly 
peptides described herein, the non-natural amino acid poly 
peptides 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 in vivo system or any 
combination thereof. 

Synthesis of non-natural amino acid polypeptides via 
ribosomes and/or an in vivo system has distinct advantages 
and characteristic from a non-natural amino acid polypep 
tide synthesized on a solid resin or without the aid of 
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enzymes. These advantages or characteristics include dif 
ferent impurity profiles, a system utilizing ribosomes 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 polypeptide synthesized via 
the use of ribosomes and/or an in vivo system will mirror the 
isotopic pattern of the feedstock utilized for the cells; on the 
other hand, the isotopic pattern 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 acids 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 hand, a non-natural 
amino acid polypeptide synthesized via a solid resin and/or 
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 deletion polypeptides. Furthermore, one 
of skill in the art will be able to differentiate a non-natural 
amino acid polypeptide synthesized by use of a ribosome 
and/or an in vivo system from a non-natural amino acid 
polypeptide synthesized via a solid resin and/or without the 
use of enzymes. 

In a certain embodiment is a method of making a com 
pound or salt thereof containing 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 moiety on at least one non-natural 
amino acid comprising the aromatic amino moiety with 
at least one reactant comprising at least one aldehyde 
moiety; 

each R, is independently selected from the group consist 
ing of H, halogen, alkyl, - NO. —CN, Substituted 
alkyl, - N(R'), —C(O) R', —C(O)N(R') —OR', and 
—S(O), R', where k is 1, 2, or 3: 

M is H or —CHRs, or the M-N C(Rs.) moiety may 
form a 4 to 7 membered ring structure: 

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

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

Rs is alkyl, Substituted alkyl, alkenyl, Substituted alkenyl, 
alkynyl, Substituted alkynyl, alkoxy, Substituted alkoxy, 
alkylalkoxy, Substituted alkylalkoxy, polyalkylene 
oxide, Substituted polyalkylene oxide, cycloalkyl, Sub 
stituted cycloalkyl, aryl, Substituted aryl, heteroaryl, 
substituted heteroaryl, heterocycle, substituted hetero 
cycle, alkaryl, Substituted alkaryl, aralkyl, Substituted 
aralkyl, -C(O)R", —C(O)OR", C(O)N(R"), 
—C(O)NHCH(R"), -(alkylene or substituted alky 
lene)-N(R"), -(alkenylene or substituted alkenylene)- 
N(R"), -(alkylene or substituted alkylene)-(aryl or 
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substituted aryl), -(alkenylene or substituted alk 
enylene)-(aryl or Substituted aryl), -(alkylene or Sub 
stituted alkylene)-ON(R"), -(alkylene or substituted 
alkylene)-C(O)SR", -(alkylene or substituted alky 
lene)-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, substi 
tuted 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 photo 
crosslinker, 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; a RNA; an antisense poly 
nucleotide; 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 cova 
lently 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 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 intercalat 
ing group; a chromophore; an energy transfer agent; a 
biologically active agent; a detectable label; a small 
molecule; an inhibitory ribonucleic acid; a radionucle 
otide; 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, a mimo 
tope, 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, Substi 
tuted alkylene, alkenylene, Substituted alkenylene, 
—O— —O-(alkylene or Substituted alkylene)-, -(alky 
lene or substituted alkylene)-O , —C(O)— —C(O)- 
(alkylene or substituted alkylene)-, -(alkylene or sub 
stituted 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)-, - NRC(O)-(alkylene or substituted 
alkylene)-, -(alkylene or substituted alkylene)-NRC 
(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 or 
substituted alkylene)-, —CSN(R')— —CSN(R)- 
(alkylene or substituted alkylene)-, —N(R')CO-(alky 
lene or substituted alkylene)-, —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 alky 
lene)-S(O)-(alkylene or substituted alkylene)-S , 
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- 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) N(R') N(R') : 

or Rs and any R optionally form a cycloalkyl or a 
heterocycloalkyl; and each R" is independently H, 
alkyl, or substituted alkyl. 

In other embodiments is a method of making a compound 
or salt thereof, wherein R and R of at least one non-natural 
amino 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 embodi 
ments is a method of making a compound or salt thereof, 
wherein both R and R2 of at least 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, oligonucle 
otide, 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 
antibiotic, fungicide, anti-viral agent, anti-inflammatory 
agent, anti-tumor agent, cardiovascular agent, anti-anxiety 
agent, hormone, growth factor, and steroidal agent. In other 
embodiments is a method of making a compound or salt 
thereof, 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 glu 
cose oxidase. 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 detectable label 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 alkyl, 
alkenyl, Substituted alkenyl, alkynyl. Substituted alkynyl, 
alkoxy, Substituted alkoxy, alkylalkoxy, Substituted alkylal 
koxy, polyalkylene oxide, Substituted polyalkylene oxide, 
aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
alkaryl, substituted alkaryl, aralkyl, or substituted aralkyl. 

In other embodiments is a method of making a compound 
or salt thereof, wherein the polymer comprises polyalkylene 
oxide or substituted polyalkylene oxide. In some embodi 
ments is a method of making a compound or salt thereof, 
wherein the polymer comprises -(alkylene or substituted 
alkylene)-O-(hydrogen, alkyl, or Substituted alkyl). 
wherein X is from 20-10,000. In other embodiments is a 
method of making a compound or salt thereof, wherein the 
polymer is m-PEG having a molecular weight ranging from 
about 2 to about 40 KDa. 

In further embodiments is a method of making a com 
pound or salt thereof wherein at least one non-natural amino 
acid is selected from a group: 
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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: 
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In further embodiments is a method of making a com 
pound or salt thereof wherein at least one non-natural amino 
acid is selected from a group: 
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wherein X is a halogen. 
In other embodiments is a method of making a compound 

or salt thereof containing 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 moiety on the at least one 
non-natural amino acid comprising the aromatic amino 
moiety with at least one reactant comprising at least 
one aldehyde moiety; 

each R, is independently selected from the group consist 
ing of H, halogen, alkyl, - NO. —CN, Substituted 
alkyl, - N(R'), —C(O) R', —C(O)N(R') —OR', and 
—S(O), R', where k is 1, 2, or 3: 

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 R and R or two R. 
groups optionally form a cycloalkyl or a heterocy 
cloalkyl: 

M is H or - CHRs: 
Rs is alkyl, Substituted alkyl, alkenyl, substituted alkenyl, 

alkynyl, Substituted alkynyl, alkoxy, Substituted alkoxy, 
alkylalkoxy, Substituted alkylalkoxy, polyalkylene 
oxide, Substituted polyalkylene oxide, cycloalkyl, Sub 
stituted cycloalkyl, aryl, Substituted aryl, heteroaryl, 
substituted heteroaryl, heterocycle, substituted hetero 
cycle, alkaryl, Substituted alkaryl, aralkyl, Substituted 
aralkyl, -C(O)R", C(O)OR", C(O)N(R"), 
—C(O)NHCH(R"), -(alkylene or substituted alky 
lene)-N(R"), -(alkenylene or substituted alkenylene)- 
N(R"), -(alkylene or substituted alkylene)-(aryl or 
substituted aryl), -(alkenylene or substituted alk 
enylene)-(aryl or Substituted aryl), -(alkylene or Sub 
stituted alkylene)-ON(R"), -(alkylene or substituted 
alkylene)-C(O)SR", -(alkylene or substituted alky 
lene)-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, substi 
tuted 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 photo 
crosslinker, 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; a RNA; an antisense poly 
nucleotide; 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 cova 
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lently 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 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 intercalat 
ing group; a chromophore; an energy transfer agent; a 
biologically active agent; a detectable label; a small 
molecule; an inhibitory ribonucleic acid; a radionucle 
otide; 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, a mimo 
tope, 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, Substi 
tuted alkylene, alkenylene, Substituted alkenylene, 
—O— —O-(alkylene or Substituted alkylene)-, -(alky 
lene or substituted alkylene)-O , —C(O)— —C(O)- 
(alkylene or substituted alkylene)-, -(alkylene or sub 
stituted 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)-, - NRC(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 or 
substituted alkylene)-, —CSN(R')— —CSN(R)- 
(alkylene or substituted alkylene)-, - N(R')CO-(alky 
lene or substituted alkylene)-, - 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 alky 
lene)-S(O)-(alkylene or substituted alkylene)-S , 
-(alkylene or substituted alkylene)-S-S —S(O)N 
(R') , N(R')C(O)N(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(R) N(R') N(R')–: 

or two Rs groups optionally form a cycloalkyl or a 
heterocycloalkyl; or Rs and any R optionally form a 
cycloalkyl or a heterocycloalkyl; 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. 

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: 
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-continued 

NO 

( ) 
/r-e 
Axt (i. 6 H3C CH3 

'N-1N1 SiMe3. 

O 

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

In some embodiments is a method of making a compound 
or salt thereof wherein at least one aldehyde moiety has the 
structure corresponding to: 

- H s 
wherein; R is alkyl, substituted alkyl, alkenyl, substituted 
alkenyl, alkynyl, Substituted alkynyl, alkoxy, Substituted 
alkoxy, alkylalkoxy, Substituted alkylalkoxy, polyalkylene 
oxide, Substituted polyalkylene oxide, cycloalkyl, Substi 
tuted cycloalkyl, aryl, substituted aryl, heteroaryl, substi 
tuted heteroaryl, heterocycle, substituted heterocycle, 
alkaryl, substituted alkaryl, aralkyl, substituted aralkyl, 

C(O)R", C(O)CR", C(O)N(R"), C(O)NHCH 
(R"), -(alkylene or substituted alkylene)-N(R"), -(alk 
enylene or substituted alkenylene)-N(R"), -(alkylene or 
substituted alkylene)-(aryl or substituted aryl), -(alkenylene 
or substituted alkenylene)-(aryl or substituted aryl), -(alky 
lene or substituted alkylene)-ON(R"), -(alkylene or substi 
tuted alkylene)-C(O)SR", -(alkylene or substituted alky 
lene)-S S-(aryl or substituted aryl), wherein each R" is 
independently hydrogen, alkyl, Substituted alkyl, alkenyl, 
Substituted alkenyl, alkoxy, Substituted alkoxy, aryl, Substi 
tuted 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; a water-soluble polymer; a derivative of polyeth 
ylene 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; a RNA; an antisense polynucle 
otide; a saccharide, a water-soluble dendrimer, a cyclodex 
trin, a biomaterial; a nanoparticle; a spin label; a fluoro 
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phore, a metal-containing moiety; a radioactive moiety; a 
novel functional group; a group that covalently or nonco 
Valently interacts with other molecules; a photocaged moi 
ety; an actinic radiation excitable moiety; a ligand; a pho 
toisomerizable 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 biologi 
cally 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 mac 
romolecule, 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 alk 
enylene, —O— —O-(alkylene or Substituted alkylene)- 
-(alkylene or substituted alkylene)-O , —C(O)— —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) , – NRC(O)-(alkylene or 
substituted alkylene)-, -(alkylene or substituted alkylene)- 
NRC(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 or sub 
stituted alkylene)-, —CSN(R')— —CSN(R)-(alkylene or 
substituted alkylene)-, - N(R')CO-(alkylene or substituted 
alkylene)-, - N(R')C(O)O , -(alkylene or substituted alky 
lene)-O N=CR' , -(alkylene or substituted alkylene)-C 
(O)NR'-(alkylene or substituted alkylene)-, -(alkylene or 
substituted alkylene)-S(O)-(alkylene or substituted alky 
lene)-S—, -(alkylene or substituted alkylene)-S S 

In other embodiments is a method of making a compound 
or salt thereof having the structure of: 

R3 L R6: 
R3 No1 

R R2 
n N 

H R. 
O 

wherein L is optional, and when present is lower alkylene, 
substituted lower alkylene, lower cycloalkylene, substituted 
lower cycloalkylene, lower alkenylene, substituted lower 
alkenylene, alkynylene, lower heteroalkylene, substituted 
heteroalkylene, lower heterocycloalkylene, substituted 
lower heterocycloalkylene, arylene, substituted arylene, het 
eroarylene, Substituted heteroarylene, alkarylene, Substi 
tuted alkarylene, aralkylene, or Substituted aralkylene; Q is 
optional, and when present is a linker selected from the 
group consisting of lower alkylene, Substituted lower alky 
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lene, lower alkenylene, substituted lower alkenylene, lower 
heteroalkylene, substituted lower heteroalkylene. —O— 
(alkylene or substituted alkylene)-, - S-(alkylene or substi 
tuted alkylene)-, —S(O)(alkylene or substituted alkylene)- 
where k is 1, 2, or 3, —C(O)-(alkylene or substituted 
alkylene)-, —C(S)-(alkylene or substituted alkylene)- 
—NR'-(alkylene or substituted alkylene)-, —CONCR")- 
(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 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 RandR 
or two R groups optionally form a cycloalkyl or a hetero 
cycloalkyl; 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') —OR', and 
—S(O) R', where k is 1, 2, or 3: R is a protected aldehyde 
or a masked aldehyde, wherein the protecting group 
includes, but is not limited to, 

X X 
RO OR \ / 

; or s vs. v. 
where each X is independently selected from the group 
consisting of O—, S—, N(H) , N(R) , 
—N(Ac)—, and —N(OMe)-; X is —OR, —OAc. —SR, 
—N(R), N(R)(Ac), N(R)(OMe), or N, and where 
each R" and R is independently H, alkyl, or substituted alkyl. 

In other embodiments is a method of making a compound 
or salt thereof wherein X is 0. In some embodiments is a 
method of making a compound or salt thereof wherein both 
R and R are polypeptides. 

VII. Compositions and Methods Comprising 
Nucleic Acids and Oligonucleotides 

A. General Recombinant Nucleic Acid Methods for 
Use Herein 

In numerous embodiments of the methods and composi 
tions described herein, nucleic acids encoding a polypeptide 
of interest (including by way of example a GH polypeptide) 
will be isolated, cloned and often altered using recombinant 
methods. Such embodiments are used, including but not 
limited to, for protein expression or during the generation of 
variants, derivatives, expression cassettes, or other 
sequences derived from a polypeptide. In some embodi 
ments, the sequences encoding the polypeptides are oper 
ably linked to a heterologous promoter. 

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 having an aromatic amine moiety or a masked or 
protected aldehyde moiety. Cells that biosynthesize at least 
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one non-natural amino acid polypeptide may be produced 
using the techniques, methods, compositions and strategies 
described herein or variants thereof. 
A nucleotide sequence encoding a polypeptide compris 

ing a non-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 
(i.e., deletion or substitution) of the relevant amino acid 
residue(s). The nucleotide sequence may be conveniently 
modified by site-directed mutagenesis in accordance with 
conventional methods. Alternatively, the nucleotide 
sequence may be prepared by chemical synthesis, including 
but not limited to, by using an oligonucleotide synthesizer, 
wherein oligonucleotides 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 
assembled by PCR, ligation or ligation chain reaction. See, 
e.g., Barany, et al., Proc. Natl. Acad. Sci. 88: 189-193 
(1991): U.S. Pat. No. 6,521,427 which are incorporated by 
reference herein. 
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-natural amino acid methods and 
compositions described herein include Sambrook et al., 
Molecular 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)). 

General texts which describe molecular biological tech 
niques include Berger and Kimmel, Guide to Molecular 
Cloning Techniques, Methods in Enzymology volume 152 
Academic Press, Inc., San Diego, Calif. (Berger); Sambrook 
et al., Molecular Cloning A Laboratory Manual (2nd Ed.). 
Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring Har 
bor, N.Y., 1989 (“Sambrook”) and Current Protocols in 
Molecular Biology, F. M. Ausubel et al., eds., Current 
Protocols, a joint venture between Greene Publishing Asso 
ciates, Inc. and John Wiley & Sons, Inc., (Supplemented 
through 1999) (Ausubel')). These texts describe mutagen 
esis, the use of vectors, promoters and many other relevant 
topics related to, including 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. 

Various types of mutagenesis are used in 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 mol 
ecules, to mutate polynucleotides encoding synthetases, to 
produce libraries of tRNAs, to produce libraries of syn 
thetases, to produce selector codons, to insert selector 
codons that encode non-natural 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 mutagen 
esis methods, chimeric construction, mutagenesis using ura 
cil containing templates, oligonucleotide-directed mutagen 
esis, phosphorothioate-modified DNA mutagenesis, 
mutagenesis using gapped duplex DNA or the like, or any 
combination thereof. Additional suitable methods include 
point mismatch repair, mutagenesis using repair-deficient 
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host strains, restriction-selection and restriction-purification, 
deletion mutagenesis, mutagenesis by total gene synthesis, 
double-strand break repair, and the like. Mutagenesis, 
including but not limited to, involving chimeric constructs, 
are also included in the non-natural amino acid methods and 
compositions described herein. In one embodiment, muta 
genesis can be guided by known information of the naturally 
occurring molecule or altered or mutated naturally occurring 
molecule, including but not limited to, sequence, sequence 
comparisons, physical properties, crystal structure or the 
like. 
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 Bio 
chem. 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 mutagenesis, Ann. Rev. Genet. 19:423-462 (1985); 
Botstein & Shortie, Strategies and applications of in vitro 
mutagenesis, Science 229:1193–1201 (1985); Carter, Site 
directed mutagenesis, Biochem. J. 237:1-7 (1986); Kunkel, 
The efficiency 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 pheno 
typic selection, Proc. Natl. Acad. Sci. USA 82:488-492 
(1985); Kunkel et al., Rapid and efficient site-specific muta 
genesis without phenotypic selection, Methods in Enzymol. 
154, 367-382 (1987); Bass et al., Mutant Trip repressors with 
new DNA-binding specificities, Science 242:240-245 
(1988); Zoller & Smith, Oligonucleotide-directed mutagen 
esis using M13-derived vectors: an efficient and general 
procedure for the production of point mutations in any DNA 
fragment, Nucleic Acids Res. 10:6487-6500 (1982); Zoller & 
Smith, Oligonucleotide-directed mutagenesis of DNA frag 
ments cloned into M13 vectors, Methods in Enzymol. 100: 
468-500 (1983); Zoller & Smith, Oligonucleotide-directed 
mutagenesis: a simple method using two Oligonucleotide 
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 reac 
tions to prepare nicked DNA, Nucl. Acids Res. 13: 8749 
8764 (1985); Taylor et al., The rapid generation of oligo 
nucleotide-directed mutations at high frequency using 
phosphorothioate-modified DNA, Nucl. Acids Res. 13: 8765 
8785 (1985); Nakamaye & Eckstein, Inhibition of restriction 
endonuclease Nici I cleavage by phosphorothioate groups 
and its application to Oligonucleotide-directed mutagenesis, 
Nucl. Acids Res. 14:9679–9698 (1986); Sayers et al., 5'-3' 
Exonucleases in phosphorothioate-based oligonucleotide 
directed mutagenesis, 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) Nucl. Acids Res. 
16: 803-814: Kramer et al., The gapped duplex DNA 
approach to Oligonucleotide-directed mutation construction, 
Nucl. 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 
directed construction of mutations, Nucl. Acids Res. 16: 
7207 (1988); Fritz et al., Oligonucleotide-directed construc 
tion of mutations: a gapped duplex DNA procedure without 
enzymatic reactions in vitro, Nucl. Acids Res. 16: 6987-6999 
(1988); Kramer et al., Point Mismatch Repair, Cell 38:879 








































































































































































