Introduction

The utility of peroxidase enzymes such as horseradish perox-
idase (HRP) as labels in enzyme-linked chemiluminescent
assays is augmented by including a phenolic compound to
enhance the production of light and, in some cases, to reduce
non-enzymatic background signal. Chemiluminescent HRP-
catalyzed reactions subject to enhancement include the oxi-
dation of diverse substrates including, hydrazides such as
luminol, acridan esters, thioesters or sulfonamides and acri-
dan derivatives. While various phenols and heterocyclic com-
pounds enhance peroxidase-catalyzed reactions, studies
have shown that only those phenolic compounds with oxida-
tion potentials lying within a particular range are effective.
Compounds outside of the range are either ineffective or
diminish light production.

The enhancement effect has been attributed to the enhancer
mediating electron-transfer between enzyme and
substrate.(1) The use of certain arylboronic acids and aryl-
boronate esters was reported to enhance the same reactions.
The boron compounds were considered to represent a new
class of enhancers. No mechanistic rationale was put forth to
explain the putative enhancement by these compounds. Aryl-
boronic acids and esters are known to be easily oxidized by
hydrogen peroxide to produce phenols. Since peroxidase-
catalyzed reactions are always conducted in the presence of
excess peroxide, the role and even the presence of arylbo-
ronic acid compounds in these reactions is questionable. We
investigate whether arylboronic acid derivatives are the actual
enhancers.



Reaction of Arylboronic Acids with H,0,
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The rapid reaction of boronic acids and esters with hydrogen
peroxide provides the basis for the development of a family of
peroxide-sensing reagents that produce a chemiluminescent,
bioluminescent, fluorescent or colorimetric readout.



Oxidation of Boronic Acids
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Alkyl and arylboronic acids and esters react rapidly with various
oxidants including hydrogen peroxide.



Generalized Mechanism of Enhanced Peroxidase
Catalyzed Oxidation with H,0,
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Simplified Mechanism of Enhanced Peroxidase
Catalyzed Chemiluminescent Oxidation of Luminol
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Results

We investigated the stability of the boronic acid ana-
logs of the two commonly used phenolic enhancers 4-
iodophenol and 4-hydroxybiphenyl. A 0.1 M tris buffer
solution, pH 8.6 containing the 40 yM 4-iodophenyl-
boronic acid and 2.67 mM peroxide (concentrations
typical of those used in the chemiluminescent reac-
tion of luminol (2)), but lacking the substrate, were
monitored spectrophotometrically at 3 min intervals.
Complete conversion to the corresponding phenol
was observed within 15 minutes at ambient tempera-
ture. Reaction at higher pH or with the pre-formed
boronic acid salt was nearly instantaneous.

Similarly, a 0.1 M tris buffer solution, pH 8.6 contain-
ing the 46 yM 4-biphenylboronic acid and 2.45 mM
peroxide were monitored spectrophotometrically at 3
min intervals. Complete conversion to the corre-
sponding phenol was observed within 10 minutes at
ambient temperature.

The reactions were repeated with the addition of 1.4
fmol of HRP included in the reaction mixtures before
addition of peroxide to the substrate. The presence of
HRP did not infuence the reaction under typical per-
oxidase assay conditions. It was shown separately
that the presence of HRP did not cause any spectral

changes by reaction with the phenol.



Reaction of 4-lodophenylboronic Acid with H,0,
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4-lodophenylboronic acid was reacted with hydrogen peroxide
in tris buffer, pH 8.6 at room temp. and scanned at 3 min inter-
vals. Conversion to 4-iodophenol was complete within 15 min.
A spectrum of authentic 4-iodophenol in the same buffer is
shown for comparison.



Reaction of 4-lodophenylboronic Acid with H,O,
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4-lodophenylboronic acid rapidly converts to 4-iodophenol
on reaction with H,0, at pH 8.6.
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The clean reaction of 4-iodophenylboronic acid with H,0, to

generate 4-iodophenol is evidenced by the isosbestic point at
233 nm.



Reaction of Biphenylboronic Acid with H,0,
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Biphenylboronic acid was reacted with hydrogen peroxide in
tris buffer, pH 8.6 at room temp. and scanned at 3 min intervals.
Conversion to 4-phenylphenol was complete within 10 min. A
spectrum of authentic 4-phenylphenol in the same buffer is
shown for comparison.


















