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Hydroxyanthraquinones are well known colorimetric

indicators for pH and metal ions.1-6 In high pH media, these

substances exist in phenolate anionic forms, which have

absorption maxima in the visible region. In addition,

hydroxyanthraquinone phenolates readily bind metal ions,

such as magnesium and aluminum, to produce highly

fluorescent metal-anthraquinone complexes. For example, a

greater than 30 fold increase of fluorescence intensity is

observed when 1,4-dihydroxyanthraquinone (quinizarin,

QNZ, 1) complexes with aluminum ion.1 Tight binding by

these quinizarins is due to metal ion interactions with the

ionized hydroxyl groups and neighboring carbonyl moieties,

as depicted in 2. If the hydroxyl groups of these substances

are protected, metal-QNZ complex formation does not take

place. Moreover, significant differences in absorption maxima

and fluorescence intensities are expected for protected and

metal complexed QNZ. Thus, appropriately protected QNZs

should serve as dual signal (colorimetric and fluorometric)

chemosensors for processes (e.g., enzymatic) that promote

cleavage of the hydroxyl protecting groups. In this

communication, we report, the results of initial studies

leading to the development of a hydroxyquinone-based,

enzyme-cleavable colorimetric and fluorometric chemo-

sensor, quinizarin diphosphate (QDP, 3), and its application

to a method for assaying alkaline phosphatase activity. 

The diphosphorylated quinizarin QDP was readily

prepared in two steps from quinizarin.7 The sequence

(Figure 1) begins with reaction of quinizarin with diethyl

chlorophosphate in the presence of sodium hydride to yield

the phosphate ester 4. The phosphate ester 4, generated in

this manner, is converted to QDP by treatment with

bromotrimethylsilane in chloroform followed by aqueous

work-up. Recrystallization of the anilinium salt of QDP 3

from MeOH-acetone gives pure material. 

Employment of QDP as an alkaline phosphatase-cleavable

colorimetric and fluorometric chemosensor8-10 was evaluat-

ed. Owing to their high turnover numbers, low cost, and

broad substrate specificity, enzymes in the alkaline phos-

phatase family play key roles in a number of important

enzyme immunoassay procedures and related affinity sens-

ing methods.11-12 Solutions of QDP (0.1 mM) in diethanol-

amine (DEA) buffer (0.1 M, pH 10.0, 20 mM MgCl2)

containing alkaline phosphatase (40 μg/mL, from bovine

intestinal mucosa) were incubated at 37 oC. The reaction was

monitored by UV-visible and fluorescence spectroscopy.

As displayed in Figure 2(A), incubation of QDP with

alkaline phosphatase results in the formation of two new

absorptions in the visible region at 535 and 575 nm, which

are characteristic of metal complexed forms of quinizarin.

This suggestion was confirmed by comparing absorption

spectra of quinizarin in the presence and absence of

magnesium ion in aqueous basic media. Importantly,

incubation of QDP in DEA buffer solutions did not produce

the 535 and 575 nm absorption bands when alkaline

phosphatase was not present. Michaelis-Menten treatment of

rate versus QDP concentration data gave Km and Vmax values

of 110 μM and 4.2 μM/s, respectively.

Hydrolysis of QDP by alkaline phosphatatase is also

accompanied by the formation of a fluorescence emission at

595 nm (excitation at 535 nm, Figure 2(B)) which reaches a

maximum intensity after approximately 20 min reaction

time. The observed fluorescence corresponds to the metal-

quinone complexes since the dianion form of quinizarin

itself is nonfluorescent. 

In order to demonstrate that the spectroscopic changes are

specific for alkaline phosphatase catalyzed reaction, QDP

was incubated with other hydrolytic enzymes such as

phosphodiesterase and chymotrypsin, as well as the non-

specific protein, bovine serum albumin. As presented in

viewing Figure 3, only the buffered solution of QDP

containing alkaline phosphatase develops the purple color

associated with the metal-quinone complexe (Figure 3, B).

Figure 1. Preparation of QDP 3.
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None of other enzymes and BSA (Figures 3, C-E) promote

hydrolytic cleavage of QDP.

Comparison of QDP with commercial probe molecules

such as 4-nitrophenylphosphate (4-NP) and 4-methylumbel-

liferyl phosphate (4-MUP) revealed that QDP was compa-

rable to 4-NP and 4-MUP in terms of colorimetric response.

However, QDP was found to be less effective than 4-MUP

as a fluorometric chemosensor. 

In summary, the current study has led to the development

of a new strategy for the design of enzyme-cleavable chemo-

sensor. The diphosphorylated anthraquinone QDP, readily

prepared from quinizarin, undergoes alkaline phosphatase

promoted cleavage to generate fluorescent and intensely

purple-colored quinone-metal complexes in aqueous

solution. QDP is well suited to alkaline phosphatase assays

since magnesium ions, necessary for quinone-metal com-

plex formation after hydrolysis, is a required cofactor of the

enzyme. Although this study focused on alkaline phospha-

tase activity, by proper modification of the anthraquinone

backbone, it should be possible to construct dual signal

chemosensors for a wide variety of enzyme catalyzed

hydrolytic reactions.
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Figure 2. UV-visible (A) and fluorescence (B, excitation at 535
nm) spectroscopic monitoring of DEA buffer solutions (0.1 M, pH
10.0, 20 mM MgCl2) of QDP 3 in the presence of alkaline
phosphatase (40 μg/mL) at 37 oC. Insets are changes of absorption
(A, measured at 575 nm) and emission (B, measured at 595 nm,
excitation at 535 nm) intensities as a function of time.

Figure 3. Photographs of solutions of QDP in DEA buffers (0.1 M,
pH 10.0, 0.5 mM MgCl2) at 37 oC after 5 min incubation times in
the absence of enzyme (A), and in the presence of alkalin
phosphatase (0.1 mg/mL) (B), phosphodiesterase (C), chymotryp-
sin (D), and bovine serum albumin (E). Reaction with chymotryp-
sin was conducted in HEPES buffer (5 mM, pH 8.0, 0.5 mM MgCl2).


