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Chemosensor for Divalent Zinc

Grant K. Walkup and Barbara Imperiali*

Division of Chemistry and Chemical Engineering
California Institute of Technology
Pasadena, California 91125

Receied Na)ember 16, 1995 B
(* 7\ fiuorophore in polar fluorophore in non-polar

The rapid analysis of trace metal cations for environmental - environment environment
and biomedical applications is particularly demanding since it Figure 1. Schematic drawing of the chemosensor design. Metal binding
requires the specific recognition of a particular element in the induces peptide folding, shielding a fluorophore from solvent and
presence of numerous closely related species. While remarkabléncreasing emission intensity.
progress has been achieved for inorganic analytes, suct¥as Ca
there is still a significant need for the genesis of new fluorosen- metal cations are present, coordination to the histidine and
sors? In light of the selectivity and avidity with which proteins  cysteine residues nucleates the formation of a defined tertiary
bind divalent metal cationsywe have chosen to use a polypep- structure including a cluster of conserved hydrophobic residues
tide architecture as the framework for metal ion recognifion. (underlined in the consensus sequence). We have replaced of
In addition, our ability to manipulate synthetic polypeptides one of the latter residues with a microenvironment-sensitive
allows the coordinated integration of fluorescent reporters for fluorophoré?to monitor the metal-binding event. A schem#ttic
signal transduction within a metal-binding peptidyl construct. drawing of the sensing peptide is shown in Figure 1.
Herein we report the design, synthesis, and evaluation of a To allow the selective elaboration of a side chain amine at
selective fluorescent chemosensor, sensitive to nanomolarvariable positions within a synthetic polypeptide, a differentially
concentrations of Zt. protectedf-amino alanine (Baa) derivativeS)¢2,3-diamino-

The classical method of transducing a metal-binding event N*-(9-fluorenylmethyloxycarbonyIN?-(allyloxycarbonyl)pro-
into a fluorescent signal has generally relied on the fluorophore panoic acid (Fmoe-Baa(alloc)-OH), was utilized Compat-
being directly involved in metal coordinati®®. In contrast, ibility of this residue with Fmoc solid phase peptide synthesis
the design presented here consists of a synthetic polypeptideallows for orthogonal deprotection with a palladium catalst.
template and a covalently attached fluorescent reporter that isThe newly liberated amine is then available for fluorophore
sensitive to metal-induced conformational changes of the attachment, while leaving the remainder of the protected peptide
supporting framework, yet remote from the metal-binding site. intact until the final deprotection and cleavage from the resin.
This approach combines the advantages of optical sigrfaling  Judicious placement of the fluorophore is required for the
with the selective metal-binding properties of an appropriate generation of a significant change in fluorescence upon metal
peptide. Furthermore, the modular design enables an approaclbinding; the scaffold must be able to accommodate the chro-
wherein the fluorescent signaling mechanism is decoupled from mophore within the hydrophobic cluster. In order to optimize
the composition of the coordination sphere. We have employedthe structure of the peptidyl template for this purpose, the
the metal dependent modulation of the zinc finger domains to solution structures of severaidividual zinc finger domains
effect changes in the emission properties of a covalently attachedwere examined? Particular attention was given to domains in
fluorophore. Peptides of this family show selective binding to which mutations had been made in the residues which comprise
divalent zin€ with reported dissociation constants as low as the hydrophobic cluster. As a result of these studies, the zinc
5.7 pM?® These domains are synthetically accessible and may finger domain “ZFY-swap® was selected as the template, and
be described by the consensus sequence (F/Y)-XG-&-X5- Phao of that sequence was chosen for replacement with the
F-X5-L-X2-H-X3-5-H-X2-6.1%11 In the absence of metal ions, dansylated Baa amino acid derivative. Consequently, the
zinc fingers are disorderéd. In contrast, when appropriate  peptide ZNS1 was synthesiZ8dScheme 1) and assayed for
the ability to selectively bind and report divalent zinc.
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Figure 2. Fluorescence emission response of ZNS1 to increasing levels
of Zr?* (uM) in the presence of Mg (50 mM) and Cé&" (100 uM)

ions: excitation at 333 nm. Spectra were acquired withMAZNS1,

50 mM HEPES, pH 7.Q4 = 0.5 (NaCl), and 3..xM EDTA. Addition

of EDTA was required to complex adventitious metal and establish
the initial base line prior to metal addition. The relative increase in
fluorescence at 475 nm is linear between 0.1 anduM0Zn?*.

Scheme 1.Synthesis of ZNS1
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between 0.1 and &M Zn?*.20 Since a potential application of
the zinc sensor is for the analysis of sea water, preliminary
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Figure 3. Ratiometric analysis of the fluorescence emission changes
upon the addition of various divalent metals. Initial conditions are 1.4
uM ZNS1, 50 mM HEPES, pH 7.0, 3/aM EDTA, andu = 0.5 (NaCl).
Arrows represent the addition of concentrated metal stocks to give the
indicated composition.

by this method and the minimal effect of competing ions is
shown in Figure 3. The addition of EDTA to the complexed
material demonstrates that the signaling mechanism of this
peptide is readily reversible. The presence of two cysteine
residues in ZNS1 makes it incompatible with ions such & Cu
due to complications from dithiol oxidation. However, the
modular nature of the design and the ready access to a variety
of metal-coordinating amino acids suggest strategies for reme-
diating this limitation.

The chemosensor described herein demonstrates the feasibility
of exploiting metal-dependent structure modulation as the basis
for trace analyte detection. ZNS1 shows excellent affinity for
Zn?* relative to the chemical probe Zinguin.The modular
design will allow future efforts to focus on the expansion of
this concept for the development of new fluorosensors. For
example, the metal-binding selectivities of the template can be
manipulated by the modification of the metal-coordinating
residues. Additionally, other fluorescent probes may be exam-

studies were also carried out in the presence of metal cationsined to improve the signal range and expand the versatility of

including 0.5 M Na, 50 mM Mg?", and 100uM Co?". ltis

the sensor design.

notable that the chemosensor is compatible with these competing

specieg! Due to a blue shift which occurs upon metal binding,
dual-wavelength ratiometric analysis of the fluorescence emis-
sion using 525 and 650 nm readings can be used féf Zn
guantitation in solutiod2 An example of the response obtained

20) CD and UV-vis metal titration experiments verify that ZNS1 binds
Co?t with high affinity (Kp 1—5 uM). Competition analysis in the presence
of 1.54M Zn?* and 100uM Co?* reveals that less than 5% of the cobalt-
bound species remains; therefore g for ZnZt is <1 nM.
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and 650 nm. This analysis normalizes data against bias from sources such

as varying instrument response.
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