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A synthetic receptor, which is bound through noncovalent
interactions to an indicator, can function as a chemosensor.
The fundamental requirement is that the displacement of the
indicator by an analyte results in a change in its optical
properties.[1] An indicator-displacement assay (IDA) of this
kind has been used to detect analytes such as citrate,[2]

tartrate,[3] gallic acid,[4] heparin,[5] phosphates,[6] carbonate,[7]

and amino acids.[8] Relative to “classical” chemosensors with
integrated binding and signaling components, IDAs have two
major advantages: 1) they are easy to generate because the
signaling unit is attached by noncovalent interactions, and
2) the physical properties of the indicator (color, affinity for
the host, solubility) as well as the indicator–receptor ratio[9]

can be varied according to specific needs.
To attach the indicator to the binding site of the host,

electrostatic interactions, hydrogen bonding, and/or metal–
ligand interactions have been employed. The latter mode of
attachment has the advantage that it is able to provide
sufficiently high association constants, even in polar solvents
such as water. So far, 3d transition-metal ions have been used
almost exclusively for this purpose.[10] At first glance, 4d and
5d transition metals appear to be less suited because they
generally display slower exchange kinetics. On the other
hand, they may show very high binding constants which would
allow the detection of analytes at low concentrations.
Furthermore, they preferentially bind to ligands with “soft”
donor groups (e.g. amines) which may be of interest for
certain analytes. Herein, we demonstrate that the combina-
tion of an organometallic Cp*RhIII complex 1 with the
indicator azophloxine (2) comprises an IDA, which allows the
selective detection of histidine- and methionine-containing
peptides.

In continuation of our studies of organometallic recep-
tors,[11,12] we have investigated whether half-sandwich com-
plexes of rhodium(iii) can be reversibly attached to indicators
to build a sensing ensemble as described above. The Cp*Rh
complex 1 appeared to be well suited for this purpose because
it is soluble in water and because the exchange kinetics for the
three facial coordination sites opposite to the p ligand are
fast.[13] The screening of a number of commercially available

indicators showed that the dye azophloxine (2) undergoes a
strong color change upon complexation to Cp*Rh. The UV/
Vis absorption spectrum of 2 (25 mm) after the addition of
increasing amounts of 1 in aqueous phosphate buffer solution
(100 mm, pH 7.0) is shown in Figure 1.

The complexation of the indicator to the rhodium
complex results in a pronounced decrease in the absorption
in the region of 500 nm with a new local maximum observed
at l= 549 nm. Clear isosbestic points are observed at l= 554
and 443 nm which indicate that a single species is formed. It
appears likely that the indicator is attached to the metal
through the diazo and the phenolate groups as Cp*Rh
complexes are known to form stable N,O-chelates with
azophenolates.[14] At room temperature, the reaction between
1 (12.5 mm) and 2 (25 mm) proceeds with a half-life of t1/2=
2.5 min; at 50 8C, the reaction is complete within 5 min. The
interaction between the indicator and the rhodium complex is
very strong: fitting of the titration data to a 1:1 binding
algorithm yielded a binding constant of 3.2(� 1.0) @
107

m
�1.[15,16]

Having confirmed that the indicator 2 is able to bind to the
Cp*Rh complex with a strong concomitant change in color,
we investigated whether a mixture of 1 and 2 could be
employed to detect histidine- or methionine-containing
peptides. The coordination chemistry of organometallic
half-sandwich complexes with amino acids and peptides is
well established.[17] It has been demonstrated that peptides
preferentially bind to Cp*RhIII, Cp*IrIII, and (arene)RuII

fragments through their terminal amino groups and deproto-
nated amide bonds. For histidine and methionine, a further
interaction between the N- or S-donor group of the sidechain
and the metal is generally observed. To determine whether
this latter interaction allows a differentiation between pep-

Figure 1. UV/Vis absorption spectra of a solution of 2 (25 mm) in
aqueous phosphate buffer solution (100 mm, pH 7.0) upon addition of
complex 1 (final Rh concentration: 0, 4.8, 9.6, 14.4, 19.2, 24.0 and
26.4 mm). The spectra were recorded after equilibration.
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tides, we first examined competition experiments with 1, 2,
and the dipeptides His-Ala or Val-Phe. Upon introduction of
one equivalent of His-Ala to a mixture of 1 and 2 ([Rh]=
[2]= 50 mm) in buffered aqueous solution, the original red
color of the free indicator 2 reappeared. On the other hand,
no color change was observed if the indicator 2was added to a
solution of 1 and His-Ala. This showed that the stability of the
complex between Cp*Rh and His-Ala is considerably higher
than that of the adduct between 1 and 2. With Val-Phe instead
of His-Ala, the purple color of the adduct between the
receptor 1 and the indicator 2 was observed (Figure 2).[18] The
affinity of Val-Phe to the Cp*Rh complex is thus not sufficient
to displace the indicator 2 to a significant extent.

A more detailed analysis of competition experiments was
performed by using UV/Vis spectroscopy to determine the
relative binding constants Kr=Kpeptide/Kindicator of the Cp*Rh
complex 1 to various peptides.[19] A variable amount of the
respective peptide (final concentration: 0–26 mm) was mixed
with the receptor (final Rh concentration: 12 mm) and the
indicator (final concentration: 50 mm). After equilibration
(50 8C, 10 min), the amount of free indicator was determined
by using a calibration curve and the resulting data were fitted
to calculate Kr.

[16,20] The results are summarized in Table 1.
Upon addition of peptides that contain either His or Met

residues in positions one or two from the N terminus, near
complete replacement of the dye was observed (Kr� 740,
entries 1–6). This holds true even for peptides such as Leu-

His-Leu, in which the His residue is flanked by amino acids
with sterically demanding side chains (entry 4). It is reason-
able to assume that for peptides with His/Met residues at (or
directly adjacent to) the N terminus, a simultaneous coordi-
nation of the amino acid and the respective sidechain
occurs.[21] For tri- or longer peptides with His/Met residues
in the middle or at the C terminus, this is less favorable and
consequently lower relative binding constants are observed
(entries 7–10). From the values observed for Gly-Gly-His and
Gly-Gly-Met (entries 7 and 10), the interaction of the
imidazole sidechain of histidine with the Cp*Rh complex
seems to be stronger than the interaction of the thioether
sidechain of methionine.[22] Five peptides without His/Met
residues were also investigated (including dipeptides with
basic and acidic sidechains),[23] and they all showed a very low
relative binding constant. Remarkably, the substitution of a
single His residue with an Ala residue results in a drop in
affinity of more than five orders of magnitude (entries 1 and
12).

The high selectivity of the Cp*Rh receptor allows IDAs to
be performed for the quantitative detection of peptides that
contain His/Met residues close to the N terminus. For the
detection of His-Ala, for example, the receptor 1 (final Rh
concentration: 12 mm) and the indicator 2 (final concentra-
tion: 50 mm) were added successively to a solution that
contained a variable amount of peptide (0–10 mm).[24] The
resulting mixture was tempered for 10 min at 50 8C, and then
the absorption at 580 nm was determined.[25] The correspond-
ing calibration curve is depicted in Figure 3. The detection
limit of this assay was found to be 0.3 mm.[26] In similar
experiments with Val-Phe in place of His-Ala, no significant
change in absorption was observed. This pronounced selec-
tivity allows (low) micromolar concentrations of His-Ala to
be detected in the presence of a 100-fold excess of Val-Phe
(Figure 3).

Aunique advantage of IDAs is that the indicator–receptor
ratio can be adjusted for specific sensing problems.[9] It is thus

Figure 2. “Naked-eye” detection of the dipeptide His-Ala by an indica-
tor-displacement assay (IDA) by using a solution of receptor 1
(50 mm), the indicator 2 (100 mm), and the respective dipeptide
(100 mm) in aqueous phosphate buffer solution (100 mm, pH 7.0).

Table 1: Relative binding constants Kr=Kpeptide/Kindicator of the Cp*Rh
complex 1 to various peptides.

Entry Peptide Kr
[a]

1 His-Ala >1B103

2 His-Gly-Gly >1B103

3 Gly-His-Gly >1B103

4 Leu-His-Leu >1B103

5 Gly-Met-Gly >1B103

6 Met-Leu-Phe 7.4B102(�1.5B102)
7 Gly-Gly-His 1.6B101(�0.2B101)
8 Tyr-Gly-Gly-Phe-Met-Arg-Phe 6.9(�0.2)
9 Ala-Ser-His-Leu-Gly-Leu-Ala-Arg 9.1B10�1(�0.2B10�1)
10 Gly-Gly-Met 1.7B10�1(�0.2B10�1)
11 Val-Gly-Gly 7.4B10�2(�0.2B10�2)
12 Ala-Ala 2.2B10�3(�0.3B10�3)
13 Pro-Glu <1B10�3

14 Val-Phe <1B10�4

15 Lys-Tyr <1B10�4

[a] Conditions: phosphate buffer (100 mm), pH 7.0.

Figure 3. Absorbance at 580 nm for solutions containing receptor 1
(6 mm), the indicator 2 (50 mm), and different amounts of His-Ala (*),
Val-Phe (~), or His-Ala in the presence of a 100-fold excess of Val-Phe
(&). The data points represent the average values of three independent
experiments; the errors are less than 2%.
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possible to quantify and distinguish the tripeptides His-Gly-
Gly and Gly-Gly-His in two sets of experiments. Assuming
that the peptides are present in concentrations between 0 and
10 mm, one would first have to perform an IDA with excesses
of receptor and indicator ([Rh]= 50 mm ; [2]= 60 mm). Under
these conditions, the near-quantitative displacement of the
indicator by both peptides is observed which allows their
concentration to be determined without knowing their
identity. In a second experiment, the concentration of the
receptor is decreased to the value determined in the first
experiment. Because of the excess of the indicator, only the
high affinity analyte His-Gly-Gly completely displaces the
indicator, whereas for the lower affinity analyte Gly-Gly-His,
the UV/Vis response is much smaller. On the basis of these
data, it is possible to identify the two peptides. The
experimental values for peptide concentrations of 5 mm are
given in Table 2.

In summary, we have shown that an organometallic 4d
transition-metal complex can be used to build an IDA for the
sequence-specific detection of histidine- and methionine-
containing peptides in water at neutral pH. Although the
assay is not suited for real-time measurements, it can be
completed within a few minutes. The following characteristics
make this new system especially appealing: a) the receptor 1
and the indicator 2 are both commercially available; b) the
interaction of the receptor with the analyte is very strong
which allows peptides with His/Met residues close to the N
terminus to be detected at concentrations as low as 0.3 mm ;
c) the receptor displays a very high selectivity, which allows
the analysis to be performed in the presence of phosphate
buffer (100 mm) and in the presence of a large excess of
competing peptides.
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