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New quinoid cofactors, pyrroloquineline quinone (PQQ) and 6-hydroxydopa quinone (TPQ)
have been characterized electrochemically and spectroscopically, It has been found that each of
PQQ and TPQ gives a reversible cyclic voltammogram ascribed to a two-step cne-electron redox
reaction {ox=rsemsred) of the quinone moiety in aqueous solution. From the analysis of the
standard redox potential vs. pH relationships, the acid disseciation constants of PQQuyx PQQuem
PQQuea TPQoy, TPQyem. and TPQ,.q have been determined. Spectroscopic analysis of TPQ indicates
that TPQ has an intermediate elecironic structure between p-quinone and o-quinone forms. The
interaction of PQQX with ammonia has also been investigated.

Kinetic analysis of oxidative decarboxylation of glycine with PQQ revealed that glycine plays
a role as a catalyst as well as a reductant in this reaction. This reaction mechanism is proposed.
TPQ shows no oxidative activity toward glycine. In the presence of ferricyanide ion (as a oxidant},
glycine is effectively oxidized during the redox cycle of PQQ.

PQQ can serve as an electron acceptor of NADH while TPQ does not work as a mediator for
the electrochemical oxidation of NADH. In this study, we have found that each of Cu** and Zn®*
forms a complex with PQQ and accelerates the electron (or hydride ion) transfer from NADH to
PQQ.

Based on the evaluated characteristics of PQQ), several detection methods of PQQ have been
developed. Derivatization of PQQ to its acetone adduct allowed a high-performance liguid
chromatographic (HPLC) determination of PQQ down to 2 pmol. Capillary isotachophoresis is also
applicable to quantification of PQQ and its adducts. Electrochemical detection in HPLC coupled
with the redox catalytic function of PQQ in the glycine-ferricyanide ion system allowed a selective
and sensitive detection of free PQQR down to 0.2 pmol. This method was applied to quantification
of free PQQ in biological fluids. Capillary zone electrophoresis has been successfully applied to
well-separated detection of PQQ and its oxazole adducts resulted from non-redox reaction be-
tween PQQ® and amino acids.

Although PQQ itself is found to possess characteristic redox-catalytic activity toward several
biological components, fabrication of PQQ coenzyme-type biosensor would not be variable due to
high reactivity of PQQ to nucleophiles. In contrast, quinoproteins are potent redox enzymes in
development of new types of electrochemical biosensors. Some applications are discussed here.
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Fig. 1. pH dependence of the redox potentials
of PQQ and TPQ, Arrows indicate pKa.
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Fig. 2. Acid-base and redox equilibria of PQQ.
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Fig. 3. Acid-base and redox equilibria of TPQ.
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Fig. 4. Proposed mechanism of oxidative de-carboxylation of glycine by PQQ.
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Fig. 5. Redox cycling reaction of PQQ.
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