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DNA-based molecular beacdnéViBs) have proven to be of
significant utility for the detection of DNA and RNA. In the absence
of its target, an MB adopts a stem-loop structure that holds a
terminally attached fluorophore/quencher pair in proximity. Hy-
bridization of the target to the single-stranded loop breaks the stem,
segregating the pair and producing a large (typically th625-
fold®) increase in MB emission. Because of their ease of use, MBs
are among the more promising means of monitoring DNA
hybridization?

The utility of MBs in nucleic acid detection suggests that the
development of an analogous technology for the detection of targets
that, by contrast, bind polypeptides would be useful. The develop-
ment of such peptide beacon (PB) sensors, however, has bee

igure 1. The excimer-based PB architecture is composed of N(a-

A yrenyl)maleimides conjugated to a recognition peptide. Intramolecular
hampered by the fact that peptides generally do not form stable, cojiisions and, perhaps, hydrophobic affinity occurring in the absence of

“closed” structures (equivalent to the stem in the MB stem-loop) target (left), allow excimer formation and thus longer wavelength excimer
that can subsequently be disrupted by target bingliig surmount emission. Upon target binding (right), the pyrene moieties are segregated,

this, we have designed a new sensing strategy that couples changgg€reby eliminating the longer wavelength excimer emission.

in peptide dynamics with changes in emission and thus exploits attributes, pyrene has been employed as an optical reporter in DNA-
the observation that, while unbound polypeptides are almost pased molecular beacdfsnd to monitor prion formatiokt By
invariably highly dynamic, their structure becomes fixed upon analogy, we have used the binding-induced segregation of pyrene
binding to a macromolecular target. Achieving this coupling requires flyorophores as a PB signaling mechanism.
that several criteria are satisfied: As our first test case we have synthesized an excimer-based PB
(1) The peptide can be modified with a fluorophore/ fluorescence directed against an antibody diagnostic of HIV infecti®ihe
modulator (e.g., a quencher or an excimer partner) without impairing human immunodeficiency virus type 1 (HIV-1) matrix protein p17,
binding. an important component in the viral life cycieis among the more
(2) The excited state is long-lived relative to the emitter/ antigenic proteins in the retrovirus. We have employed a highly
modulator encounter time constant in the free peptide and yet not antigenicl* six-residue epitope present in the protein as the basis
so long-lived that there are appreciable intermolecular collisions. of our first PB. Critically, this epitope is contiguous (i.e., the binding

For unstructured peptides of lengti0 residues and PB concentra-  site is contained in a single polypeptide) and, less critically, it adopts
tions below micromolar these constraints define lifetimes of between an extended conformation in both the native protein and when

tens and thousands of nanoseccohds. complexed with its target antibody.

(3) Modulation of emission must occur. The binding of the  |n the absence of its target, the PB produces a large excimer
peptide to its target must prevent significant interactions between peak centered at 475 nm (Figure 2). Upon titration with human
the emitter/modulator pair within the excited-state lifetime of the anti-p17 antibody excimer emission decreases 2-fold until finally
former. becoming lost in the broad shoulder of monomer emission.

Here we describe a PB approach that generally meets these Using a 3 nMsolution of the PB we observe a robust, 20% signal
criteria and appears well suited for routine laboratory use (Figure change upon the addition of just 200 pM of the target antibody, or
1). Pyrene-based fluorophores exhibit large extinction coefficients, 400 pM of binding sites (Figure 2). The specificity of the PB is

excellent quantum yields;~60 to 100 n$ lifetimes, and good  reasonable: titrated against a mixture of human IgG we observe a
stability in aqueous SOlUtiOﬁPyrene also forms an excited state much smaller reduction in signal.

dimer, termed an excimer, with readily detected emission that is To explore the generalizability of our approach, we have
red shifted by approximately 100 nm relative to the monomer. synthesized a second excimer-based PB directed against an oligo-
Because excimer formation is strongly distance- and geometry- nycleotide target: the TAR RNA hairpin of HIV-1. The interaction
dependent (i.e., it requires both close physical contact between thetargeted in this application, which is the binding of the 10-residue
monomers and a close alignment of their transition difples  H|v-1 Tat RNA-binding domain, is particularly challenging: when
excimer formation is easily disrupted. On the basis of these pound to the major groove of a U-rich stem-loop target RNA, the
peptide adopts #-hairpin structur® that brings the termini into

. ggggmgﬂ: gﬁ gﬂgm:i;?é"r:‘gin%'gﬁﬂgm's"y' proximity, and thus terminally conjugated dyes will not experience
8 Biomolecular Science and Engineering. significant spatial segregation upon complex formation. Neverthe-
g 9

14018 = J. AM. CHEM. SOC. 2006, 128, 14018—14019 10.1021/ja0651310 CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

excitation of the pyrene fluorophores precludes sensitive detection
in highly contaminated samples, such as blood serum (data not
shown), the convenience of the PB approach suggests that it is well
suited for monitoring proteirmacromolecule interactions in the
laboratory (for example, for characterizing protein binding events
for the purposes of drug-screening), where relatively pure samples
are the norm.

The excimer-based PB approach appears to be rather general.
00 The criteria for choosing a suitable probe/ligand does not require
T T T T T any special considerations other than an ability to engineer and
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Wavelength (nm) Concentration (nM) pyrene-label cysteine conjugation sites without disrupting binding,
Figure 2. (left) Complex formation between the PB (3 nM) and its target @ lack of structure associated with the candidate peptides in their
(here an antibody directed against the HIV protein p17) results in a roughly unbound state (which is almost universally the case; see ref 21 for
2-fold decrease in excimer emission. (right) This signal change demonstratesrare counterexamples), and a sufficient spatial or angular segregation
alimit of detection well below 1 nM in minutes with only a simple desktop i, {he pound state. And because excimer formation is very strongly
fluorimeter. Cr|t_|ca||y, the excimer signal is relatively unaffected by distance- and trv- d dent. it that lativel
nontargeted antibodies. geometry- dependent, it appears that even relatively

subtle binding-induced segregation is sufficient. Finally, the

o . synthesis of excimer-based PBs requires only a single synthetic
nonspecifio RNA step from commercially available modified pyrenes. Taken together
these attributes suggest that the approach is well suited for routine
06 laboratory applications.
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