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Fluorescent probes have become a common means of investigat- 035 4 A " b
ing cellular events in real time via fluorescence microscopy. For 0.25 i A
such applications, chemical sensors have proven to be invaluable,
particularly for tracking certain metal ioA8Ve have been interested g 021
in the development of practically useful chemical sensors for metal % 0.15
ions and small organic compounds. We have reported progress 2 o1
toward this goal using a structurally novel pinwheel receptor motif ’
which operates by cooperative interactidmss a potential sensor 0.05 -
substrate, amino acids are an attractive target, especially the 0
excitatory amino acids glutamate and aspafaf@ adapt our 360 400 440 480 520 360 400 440 480 520
pinwheel receptors for recognition of amino acids, a good recogni- Wavelength (nm)

tion element for the amine portion of the amino acid was required. Figure 1. UVl/visible absorption spectra for (a) compoutd and (b)
Aqueous phase recognition of amines by groups such as crowncompoundlb upon addition of glycine (1&M in sensor with 100 mM
ethers rely on the charged nature of the protonated foBiven NaCl, 50 mM HEPES, pH= 7.4, 37°C).

that amino acids are zwitterionic and overall neutral, these scheme 1

functionalities are less useful for recognition of the amino group R

of a-amino acids. Furthermore, ionic interactions are particularly + /'\(0

weakened in the high salt conditions necessary for cellular work. R O 5N R H R
Thus, metal chelation has been employed to recognize unprotected /@j)\i(“\l_i (O /@\)\/\(&L)\(O
amino acids in aqueous conditioh$articularly noteworthy is - o -
Anslyn’s aspartate sensor which uses dye displacement to produce/)\l 0”0 /)‘ oo ©

a chromophoric responge. }g E = 'é'u 2

Taking a cue from the success of boronic acids in “binding”
diols via the formation of covalent boronate estevee chose to  remarkably distinct spectroscopic behavior upon the addition of
explore aldehyde containing chromophores to detect amines andglycine (Figure 1). The equilibrium formation of the iminium ion
amino acids via the reversible formation of imirfe§he major was poor forla (Keq < 1) as evidenced by a small red shift in the
questions to be addressed in this study are: can imine formation apsorption spectrum. In contrast, formation of the iminium ion was
be used for amine recognition under neutral, high ionic strength gypstantially more favorable fotb (Keg = 4.0) and was ac-
aqueous conditions, and can a system be designed which will companied by a much larger (34 nm) red shift in absorption. The
generate an appropriate fluorescent response upon imine formationeq shifted absorption that both compounds exhibited is consistent

The formation of imines of amino acids under agueous conditions it the proposed mechanism of hydrogen bonding of the iminium
has already been examined in detail in the context of understandingjon to the chromophore carbonyl. Indeed, basifying a solution of

the pyridoxal phosphate (PLP) dependent transaminéfitmact, 1b and saturating glycine to pH 10 shifted the visible band from
the formation of PLP and related imines has been studied by 479 to 420 nm, consistent with a shift from iminium ion to imine.
fluorescencé'2 Our initial work focused on the fluorescent NMR studies were then undertaken to elucidate the differences

behavior of several aldehyde substituted coumarins because of theietween the two aldehydes. The coumarin aldehydes were not

ready accessibility and desirable spectral properties. Imines of aminosufﬁcienﬂy water soluble to study by NMR in pure®. Therefore,
acids have [,'s above 7 and are largely protonated at neutratpH. e analogous water soluble compourdsnd4 were prepared
Thus, coumarins such ds(Scheme 1) were particularly attractive  The spectral properties of compourgiand4 were similar to the

in that the iminium ion formed by reaction with an amine could  ¢corresponding coumarind 4 and 1b, respectively). Neither com-
hydrogen bond to the carbonyl of the coumarin, thus effectively pound exhibited evidence of hydrate in@ and both converted
modulating its fluorescence. Such fluorescence changes have beegjeanly to an equilibrium mixture of aldehyde and the corresponding
observed upon metal chelation to properly designed coumarin jminjum upon addition oth-glycine. Given the similarities in NMR
systems? behavior, we attribute the dramatic difference in spectroscopic

The coumarin aldehydea!®and its 4-butyl derivativab'® were properties oflaand1b to steric effects. Apparently, the electronic

examined for their interactions with amino acids using UV/Vis  effect of substituting an iminium ion for an aldehyde carbonyl has
spectroscopy under high salt aqueous conditions similar to thosea minimal effect on the absorption spectrum in both cases. In the
found in minimal cell culture media (100 mM NaCl, 50 mM  case oflb, steric hindrance between the C4 substituent and the
HEPES, pH= 7.4). In this media, the two aldehydes displayed jminjum ion enforces the-trans conformation which is favorable

T Present address: Department of Chemistry, University of Missouri, Columbia, for hydrogen bpndlng mteractlons_wnh the chromophore carbonyl,
MO 65211. E-mail: glasst@missouri.edu. thereby producing a large change in absorbance. In water, hydrogen

16174 = J. AM. CHEM. SOC. 2003, 125, 16174—16175 10.1021/ja036434m CCC: $25.00 © 2003 American Chemical Society



COMMUNICATIONS

500

400

300 +

200

Fluorescence (arb.)

100 —

T T
560 600
Wavelength (nm)

T
520 640
Figure 2. Fluorescence spectra for compoutitlas a function of added

glycine (lex = 495 nm, 10uM in sensor with 100 mM NaCl, 50 mM
HEPES, pH= 7.4, 37°C).

Table 1. Equilibrium Constants and Maximum Fluorescence
Enhancements at 513 nm of Compounds 1la and 1b with Amines?
entry sensor analyte Keg (M72) Inaxllo?
1 1b glycine 4.0 26
2 1b aspartate 2.3 40
3 1b glutamate 2.4 45
4 1b lysine 6.5 29
5 1b serine 5.2 23
6 1b p-alanine 25 23
7 1b alanine 1.4 29
8 1b ethanolamine 6.7 15
9 1b 1,3-diaminopropane 12.5 22
10 1b lactic acid - -
11 1b diethylamine - -
12 la glycine <1 1.5
13 la glutamate <1 2.5

aMeasured by fluorescent titration dfwith amines at 37C; Aex =
495 nm; 100 mM NaCl; 50 mM HEPES; pH 7.4.° Imaxis the maximum
intensity at saturation taken from the fit of the titration d&tBstimated
from the titration curve as the data could not be fit accurately.

bonds are not expected to be very strong, and thus the iminium
ion derived from compounda can adopt conformations in which
the chromophore carbonyl is not hydrogen bonded, giving a very
small response.
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Fluorescence studies of compoutiwere then performed using
a variety of small molecule amines. By exciting in a region where
the iminium ion preferentially absorbs (495 nm), the sensor

constants and larger fluorescence increases than the neutral amino
acids. Both of these observations are likely rooted in the higher
pKa of the ammonium groups and the resultant iminium ions derived
from these amino acids. Secondary amines and hydroxy acids did
not interact with the sensor (entries 10 and 11). Finally, in agreement
with the absorption data, compouric did not give significant
fluorescence changes upon addition of amines or amino acids
(entries 12 and 13).

These results suggest that properly substituted coumarin alde-
hydes are an excellent fluorogenic substrate for amines, operating
efficiently in high salt, neutral solution with excitation and emission
profiles similar to commercial fluorophores (e.g., BODIPY).
Furthermore, intramolecular hydrogen bonding in water can be used
to induce strong fluorescent responses to the binding of organic
compounds. Because of the ready accessibility of 4-substituted
coumarins, these chromophores should function as the fluorescent
read-out for amine containing compounds within a larger receptor
architecture. Work toward this goal is currently underway in our
laboratory.
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