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The use of misacylated suppressor transfer RNAs has permitted 3
the elaboration of proteins containing nonnatural amino acids at
single, predetermined positiohsMost of these studies have
involved readthrough of the UAG codon. Recent experiments from
the Sisido laboratory demonstrating the use of four-base codons in
in vitro protein biosynthesizing systefisave provided a strategy
for the introduction of multiple nonnatural amino acids into a single
protein, although the realization of this strategy is limited both by
the overall readthrough efficiency of multiple suppressor tRNAs
and by the occasional apparent misfolding of nascent proteins i
containing modified amino acids. hexahistidine HIV-1 PR processing site E. coli DHFR
Presently we demonstrate (i) the synthesis of dihydrofolate motit (12a3) (159 2a)
reductase having a fusion peptide at its N terminus that contains aFigure 1. Modified E. coli DHFR fusion protein elaboration for study.
fluorescence acceptor and donor flanking an HIV-1 protease The encod_lng nucl_eotlde sequence and derived amino acid sgquence of the
. . DHFR fusion peptide are shown. FA, fluorescence acceptor; FD, fluores-
cleavage site, (ii) energy transfer between the fluorescence donor.ence donor.
and acceptor, and (iii) stoichiometric cleavage of the peptide by
HIV-1 protease that can be monitored in real time by fluorescence 1 2 3 4 5 6 7
resonance energy transfer (FRET), with an increase in fluorescence
emission intensity quantitatively identical with that anticipated from
protein C|ea\/age_ - + -+ - + - deprotected aminoacyHRNA
Dabcyl-diaminopropionic acid derivativieand 7-azatryptophan Figure 2. Autoradiogram of a 15% SDS-polyacrylamide gel illustrating

(2) were chosen for incorporation into the DHFR fusion peptide. the in vitro synthesis of DHFR fusion proteins. Protein synthesis was carried
out in vitro in the presence 8fS-methionine, MRNA for “wild-type” DHFR

0 fusion protein (lane 1), mMRNA containing a CGGG stop codon (lanes 2
/@)‘\N/\(COQH and 3), mRNA containing a UAG stop codon (lanes 4 and 5), or mRNA

HIV-1 PR
cleavage site
AUC GCCC

-UAG AGU CAA AAC UAC CCG AUU GUU CAG CGGG CGU_AAU-
FA Ser GIn Asn Tyr Pro lle Val GIn FD Arg Asn

20 kDa- T —— - S s s < DHFR fusion protein

H containing both UAG and CGGG stop codons (lanes 6 and 7). Lane 1, no
N\*N NH suppressor tRNA; lane 2, 7-azatryptophanyl-tRiAg lane 3, NVOC
- /©/ 7-azatryptophanyl-tRN&ccg lane 4, dabcyl-diaminopropionyl-tRNAya;
N lane 5 pentenoylated dabcyl-diaminopropionyl-tRNA; lane 6, 7-aza-
tryptophanyl-tRNAcce and dabcyl-diaminopropionyl-tRN&va; lane 7,
NVOC 7-azatryptophanyl-tRNAa and pentenoylated dabcyl-diaminopro-
N’-dabcyl-1,2-diaminopropionic acid (1) pionyl-tRNAcua. The faint bands that comigrated with full length protein
fluorescence acceptor in lanes 3, 5, and 7 are believed to have resulted from nonsense codon
readthrough by noncognate tRNAs.

w COH a UAG codon (to be decoded by dabcyl-diaminopropionyl-
N N\ NH, tRNAcua) and a four-base CGGG codoifto be decoded by
H 7-azatryptophanyl-tRNAcco).2 As shown, the derived protein
contained an HIV-1 protease cleavage site situated between the
7-azatryptophan (2) fluorescence donor and acceptor. Also elaborated were the same
fluorescence donor proteins containing valines in lieu of dabcyl-1,2-diaminopropionic
The choice of 7-azatryptophan as fluorescence donor reflects its&Cid or 7-azatryptophan. S o
efficient incorporation into proteins in vitrbas well as its ability The DHFR fusion proteins were synthesized inEstherichia

to undergo selective excitation in water in the presence of coli S-30 protein-synthesizing sys.tem.containing diminished levels
tryptopharf:¢ Dabcyl-1,2-diaminopropionic acid was selected be- ©Of release factor 1.As shown in Figure 2, the presence of
cause it has a broad visible absorption specirinat overlaps with ~ deprotected dabcyl-diaminopropionyl-tRiNéx and deprotected
the 7-azaTrp emission spectrum. In addition, dabcyl-1,2-diamino- /-8Zatryptophanyl-tRNécce were necessary for the synthesis of

propionic acid is nonfluorescent, thereby facilitating the detection full length protein, indicating that dabcyl-1,2-diaminopropionic acid
of 7-azaTrp. and 7-azatryptophan must be incorporated into the DHFR fusion

The nature of the modified protein elaborated for study is Protein at the sites of the UAG and CGGG codons, respectidely.

illustrated in Figure 1. The mRNA encoding the protein included Phosphorimager quantitation of tHe-labeled protein indicated
that the yield of the fully modified DHFR fusion protein was 13%

* To whom correspondence should be addressed. E-mail: sidhecht@virginia.edu.that of the “wild-type” fusion proteif!
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& &0 of the cleaved fusion protein (PDF). This material is available free of
§ 104 charge via the Internet at http://pubs.acs.org.
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