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Selective sensors for detection and quantification of various types A B
of metal ions and organic structures are very important in many 350 nm .\1\\ 445 nm 350:;‘\ f,,ﬁ‘:; o
applications including environmental and security monitoring, waste 7 £
management, nutrition, and clinical toxicology. An ideal sensory
system would contain multiple members that provide rapid detection
of a broad range of analytes. Each member should respond to its
target with high sensitivity and selectivity. The combination of these
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properties is difficult to achieve with chemically designed sensors, C* = pyrrolo-C

although progress has been madéature has evolved numerous o '
sensory proteins to control the concentrations of beneficial or toxic N pHN " H‘N—}N i\)ﬂ

metal ions and organic molecules with high sensitivity and /" =Ty N . fNji
selectivity. Coupling of these biological sensory events with N-H-O' pa H Dha DNA :’
detectable signals could afford practical biosensors that have all HG.C, Unpaired C* emifs strong ﬂuor;cence

the desired propertiés. . A
We describe here a novel’ general approach to construct Figure 1. (A) Pyrl’olO-C can form a stable base pair with G. (B) The
fluorescence intensity of pyrrolo-C is quenched in the duplex DNA. The

biosensors that can detect various types of metal ions and SOME; omoter sequence that CueR binds is shown: the dyad symmetrical

organic molecules by using the MerR family proteins as the sequence is marked with arrows. (C) Binding of the analyté @uCueR
platform. The MerR family proteins are transcriptional factors that induces base-unpairing of pyrrolo-C, which emits strong fluorescence at

are widespread in nature, sensing and controlling the concentrations™~445 nm.
of metal ions such as Hg, PI7*, C#*, Zr#+, Cu', and Ag™ with weak fluorescence as expected (Figure 2A). Addition of the CueR
up to picomolat+-femtomolar sensitivity and high selectivity. dimer caused very small change of the fluorescence intensity (Figure
Metal ion binding to the protein induces a conformational change 2A). This change could be due to association of a trace amount of
that sends a signal to activate metal detoxification or efflux systems. Cu* with CueR after the purification, or simply due to the binding
Some MerR-type proteins also regulate efflux of “toxic” organic of CueR. Addition of 1 equiv of Ct triggered an over 3-fold
molecules and act against oxygen radicals in bac¥ria. fluorescence enhancement within seconds (Figure 2A). The increase
All MerR proteins are stable dimers that bind specific promoter of the fluorescence intensity is proportional to the amount of metal
DNA sequences. In the absence of their target molecules, the MerRions present in the solution. Addition of Agor Aut triggered
proteins bind DNA without distorting the duplex structure. Upon similar fluorescence responses as witht@Higures 2B, S1 and
binding to analytes, the MerR proteinewind DNA and breaktwo  S2), which supports a previous finding that both*Aand Aut can
central base pairdn the duplex DNA? The distortion remodels  be recognized b§. coli CueR11.12
the DNA and triggers transcriptional initiation. The sensor is selective as addition of 10-fold excess 8f Zn
The untwisting and base-unpairing of the duplex DNA are unique Cc?*, Hg?*, PI?*, and Cd* caused less than 1/20 of the
to the MerR-type proteins. We envision that if this distortion of fluorescence increase at 445 nm compared to that fora@w\g+
DNA structure exerted by the binding of analytes to the MerR (Figure 2B). The fluorescence response of the CueR-based sensor
proteins can be coupled to a fluorescent signal, then highly sensitiveto Cu" or Ag* is over 200-fold higher than that of other metal
and selective biosensors can be obtained for the detection of a broadons. Nanomolar levels of Agor Cu" can be detected with this
range of metal ions and small molecules. sensor. The results also indicate tBatoli CueR may have a very
Escherichia coliCueR, a MerR-type metal-regulatory protein high affinity toward Cd since large excess amounts of chelator
that controls intracellular Cuconcentration, was chosen as the first  dithiothreitol (DTT) were used to stabilize €in the experiments?
example for the stud§?® This protein was cloned, overexpressed, The high selectivity and sensitivity of CueR revealed by our studies
and purified. Pyrrolo-C, a fluorescent base analogue of cytosine agree with the recent structural result Bf coli CueR?? It was
which can emit fluorescence at445 nm upon excitation at 350  found that the protein possesses a well-designed pocket that can
nm, was chosen as the fluorescent repdfterhis fluorescent specifically recognizet1 transition metal ions.
reporter forms a tight base pair with G (Figure 1A). When pyrrolo-C ~ To show that this strategy is applicable to other MerR proteins,
is base-paired with G in a duplex DNA, the fluorescence of this we also examined th&. coli MerR protein. This protein was
base is significantly quenched through base stacking and hydrogenoverexpressed and purified by following a previously published
bonding. Under base-unpairing conditions pyrrolo-C exhibits a proceduré#2A 31-mer duplex DNA containing a pyrrolo-C in the
much more intense fluorescence signal (Figure 1B). central part of the MerR binding sequence was prepared (Figure
A 21-mer duplex DNA containing the CueR binding sequence S3)3 Dramatic enhancement of the fluorescence signal was observed
was synthesized (Figure &J.A pyrrolo-C base was incorporated  when 1 equiv of Hg" ion was added to the MerR/DNA biosensor
into the central part of this sequence. The duplex DNA exhibits under the assay conditions described previously (Figut&3his
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introduce here a novel strategy to convert the MerR-type sensory
proteins into fluorescent biosensors. Because it is mechanism based,
the method is highly selective and sensitive. It gives a direct read
rapidly and can provide quantitative measurements. The wide-spread
MerR-type proteins offer the potential to construct a series of similar
biosensors for the detection of different analytes by applying the
same principle. The fluorescence technique may be used as a
screening method to evolve new biosensors from the MerR protein
templates to recognize unnatural analytes. The method also allows
the evaluation of the substrate preferences of the MerR proteins
and the study of the kinetics and thermodynamics of substrate
binding. This research is under way in our laboratory.
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Figure 2. Fluorescence responses of tBe coli CueR-based biosensor
toward metal ions. (A) Fluorescence spectra of Ehecoli CueR-based
biosensor in the absence and presence of various amounts abiCyB)

The fluorescence enhancement integrated from 410 to 550 nm in the

presence of different metal ions. The insert presents the fluorescence spectra

of the sensor in the presence of 200 nM of'CR00 nM of Ag" and 2uM
of Zr?t.
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Figure 3. Fluorescence responses of the coli MerR-based biosensor
toward metal ions (the integrated fluorescence enhancements from 410 to

550 nm are shown). The insert presents the fluorescence spectra of the senso

in the absence and presence of 500 nM ofHd.0 uM of Zn?* and 10
uM of Cd?*,

MerR-based biosensor is at least 100-fold more sensitive ¥ Hg
ion than to the other metal ions tested, with?Ctiaving highest
response besides Fg Only in the presence of a large excess
amount of Cd" (0.5 mM, 1000 equiv) fluorescence enhancement
comparable{80%) to that obtained for the addition of 1 equiv of
Hg?™ was observed, which agrees with previous biochemical studies
on the MerR proteid#15The selective response of the MerR-based
biosensor toward Hg further demonstrated that this approach is
general for the MerR proteins.

MerR proteins have been used for constructing whole cell- and
protein-based biosensors in the past with some suééess
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