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Some quinone derivatives (2,3-dichloro-1,4-naphthoquinone, 2-methyl-6-methoxy-
1,4-benzoquinone, 1,4-naphthoquinone, 2-hydroxy-1,4-naphthoquinone, trimethyl-
1,4-benzoquinone, tetramethyl-1,4-benzoquinone, 9,10-phenanthrenequinone, 2-me-
thyl-1,4-naphthoquinone) were investigated as a redox mediators for pyrroloqui-
noline quinone (PQQ)-dependent glucose dehydrogenase (GDH) purified from
Erwinia sp. 34-1. Amperometrical response to glucose addition in the sample con-
taining GDH and quinone was investigated. The results show that 2-methyl-6-
methoxy-1,4-benzoquinone, 1,4-naphthoquinone, trimethyl-1,4-benzoquinone are the
best redox mediators for GDH.
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INTRODUCTION

Quinoproteins are a relatively new class of flavin- and
NADH-independent oxidoreductases that contain the
ortho-quinoind cofactor PQQ. They can be succes-
sfully applied in various analytical systems for detec-
tion of biologically active analytes. Since PQQ-depen-
dent enzymes are oxygen-independent, they are of es-
pecial interest during creation of oxygen-independent
amperometrical biosensors [1]. One of the most im-
portant problems in medicine and food control is de-
termination of glucose. Some of PQQ-dependent en-
zymes like PQQ(heme)-dependent alcohol dehydro-
genase are able to transfer electrons directly to car-
bon surface [2] or polypyrrole backbone [3]. Howe-
ver, PQQ-dependent glucose dehydrogenase is unab-
le to transfer electrons directly to solid conducting
surfaces or backbone of π-conjugated polymers. That
is the reason why development of suitable redox me-
diators is of especial interest. Since the present time
some soluble redox mediators (e.g., PMS [4]) were
applied in the design of amperometrical analytical sys-
tems, but these mediators are useful only for single-

use biosensors. For creation of biosensors for conti-
nued measurements, insoluble mediators are much
more promising. For this purpose, carbon electrodes
modified with water-insoluble organic electron shut-
tles (e.g., 7,7,8,8-tetracyanoquinodimethane [4]) can
be applied in the design of biosensors. Entrapment of
GDH within a matrix based on polypyrrole modified
with covalently bound osmium complexes [5] can be
exploited as a more successful approach to create bio-
sensors for continued measurements. However, in this
case the most important problem is the complicated
copolymerization conditions. The electrons from the
reduced form of the enzyme can be also transferred
via the polyquinonic polymers attached to the GDH.
The enzyme modified in this way has been used in
reagentless glucose biosensors [6], however, the res-
ponses of such biosensors are not high enough and
the activity of GDH is significantly reduced, since at-
tachment of polyquinonic compounds requires mani-
pulations with strong oxidants. All the mentioned re-
asons forced us to search for new redoxable com-
pounds suitable to transfer electrons to the active site
of GDH. The aim of this work was to investigate so-
me quinone compounds as potential redox mediators
for GDH.* Corresponding author: arunas.r@bchi.lt
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MATERIALS AND METHODS

Reagents. GDH from Erwinia sp. 34-1 (specific ac-
tivity 17–18 U/mg of protein) was isolated and pu-
rified at the Institute of Biochemistry (Vilnius, Li-
thuania) by the method published earlier [7]. Car-
bon rod ultra F electrodes (cat. No. 001281-10)
3 mm in diameter were purchased from Ultra Car-
bon Division (Bay City, USA). Glucose was obtained
from Ceretor (Germany) and dimethylsulfoxide from
Reakhim (Kiev, Ukraine). 2,3-Dichloro-1,4-naphtho-
quinone (1), 2-hydroxy-1,4-naphthoquinone (4), tetra-
methyl-1,4-benzoquinone (6), 2-methyl-1,4-naphtho-
quinone (8) (Sigma, St Louis, MO) were used as
received. 2-Methyl-6-methoxy-1,4-benzoquinone (2)
and trimethyl-1,4-benzoquinone (5) were synthesized
according to the methods described previously [8].
Trimethyl-1,4-benzoquinone (5) was synthesized from
trimethyl-1,4-hydroquinone Aldrich, (Steinheim, Ger-
many) according to a previously described protocol
[8]. 1,4-Naphthoquinone (3), 9,10-phenanthrenequi-
none (7) were obtained from Reakhim (Shostkino,
Russia), purified by sublimation under vacuum or
recrystallized from benzene or ethanol. 100 mM so-
lutions of quinones were prepared in dimethylsulfo-
xide. All aqueous solutions were prepared by using
HPLC grade water purified in a Purator-B Glass
Keramik (Berlin, Germany). All experiments were
carried out in 0.01 M potassium phosphate buffer
(pH 7.0) containing 0.1 M potassium chloride and
1 mM Trilone-B obtained from Analita (Lithuania).

Equipment. All amperometric measurements
were performed with a PA-2 polarograph Labora-
torny Pristroje (Czech Republic) connected to XY
recorder (Schlotheim, Germany) and a three-elec-
trode cell consisting of a working carbon electrode,
a saturated Ag/AgCl reference electrode and a Pt
auxiliary electrode.

Electrochemical investigations. Cyclic voltammet-
ry of quinone compounds was performed in a solu-
tion (200 µM) of a corresponding quinone in a 1:4
mixture of dimethylsulfoxyde and 0.01 M phosphate
buffer (pH 7.0) with 0.1 M KCl. Steady-state cur-
rent responses at 0.1 V vs. the Ag/AgCl reference
electrode to glucose addition were measured in a 1
ml electrochemical cell containing 0.01 M potassium
phosphate buffer (pH 7.0), 0.1 M KCl and 0.5 U/
ml PQQ-GDH. At least 5 min before the enzymatic
reaction was started by addition of glucose (10 µl),
a solution (10 mM) of corresponding quinones was
added into the electrochemical cell.

RESULTS AND DISCUSSION

Cyclic voltammograms of all quinone compounds
showed a reversible character, indicating that theo-

retically all these compounds can be applied as elec-
tron transfer mediators in electrochemical systems.
The redox potentials determined by cyclic voltam-
metry are presented in Table. The results obtained
are in agreement with those reported by other auth-
ors [9].

The steady-state amperometric responses were in-
vestigated by increasing glucose concentrations in
the reaction cell containing GDH and a correspon-
ding quinone. In the case of 2-hydroxy-1,4-naphtho-
quinone (4), tetramethyl-1,4-benzoquinone (6), 2-
methyl-1,4-naphthoquinone (8) no noticeable ampe-
rometric response was detected. In the presence of
2,3-dichloro-1,4-naphthoquinone (1) and 9,10-phe-
nanthrenequinone (7) the steady-state responses we-
re in the range of 95 nA/mM and 50 nA/mM, res-
pectively. The highest steady-state responses were
obtained when 2-methyl-6-methoxy-1,4-benzoquino-
ne (2), 1,4-naphthoquinone (3) and trimethyl-1,4-
benzoquinone (5) were used as redox mediators.
Response of the electrode was in the range of 1.6–
1.8 mA/mM (Figure).

Figure. A. Steady-state current response to step-by-step
addition of glucose in the presence of 2-methyl-6-metho-
xy-1,4-benzoquinone (2), 1,4-naphthoquinone (3), tri-
methyl-1,4-benzoquinone (5);

B. Steady-state current response to step-by-step addi-
tion of glucose in the presence of 2,3-dichloro-1,4-naph-
thoquinone (1), 9,10-phenanthrenequinone (7). At +0.1 V
vs. Ag/AgCl, in 0.01 M potassium phosphate buffer
(pH 7.0) containing 0.5 U/ml of GDH
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 Quinones E1/2, V

Sensitivity,
nA/mM

2,3-Dichloro-1,4-naphthoquinone –0.02  132
2-Methyl-6-methoxy-1,4- –0.10 2346
benzoquinone
1,4-Naphthoquinone –0.17 2319
2-Hydroxy-1,4-naphthoquinone –0.38  –
Trimethyl-1,4-benzoquinone –0.01 2550
Tetramethyl-1,4-benzoquinone –0.20  –
9,10-Phenanthrenequinone –0.24  103
2-Methyl-1,4-naphthoquinone –0.26  –

Table. Electrochemical data on the quinines studied
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Comments and future developments. Investigations
of the steady-state currents showed no clear corre-
lation between the obtained responses and the struc-
ture or E1/2 of quinones studied during this work.
The reaction rates of quinones with GDH will be
investigated in the next study.
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CHINONINIØ JUNGINIØ KAIP REDUKCIJOS
MEDIATORIØ NUO PQQ PRIKLAUSOMAI
GLIUKOZËS DEHIDROGENAZEI PANAUDOJIMAS

S a n t r a u k a

Tirta galimybë panaudoti chinoninius junginius (2,3-dich-
lor-1,4-naftochinonà, 2-metoksi-6-metil-1,4-benzochinonà,
1,4-naftochinonà, 2-hidroksi-1,4-naftochinonà, trimetil-1,4-
benzochinonà, tetrametil-1,4-benzochinonà, 9,10-fenantra-
chinonà, 2-metil-1,4-naftochinonà) kaip redukcijos media-
torius nuo pirolochinolino chinono (PQQ) priklausomai
gliukozës dehidrogenazei (GDH), iðskirtai ið Erwinia sp.
34-1 kamieno. Buvo iðmatuota srovës pokyèio priklauso-
mybë nuo gliukozës koncentracijos 0,5 U GDH tirpaluo-
se su tiriamu chinoniniu junginiu. Nustatyta, kad ið ðiame
darbe tirtø chinoniniø junginiø geriausi redukcijos tarpi-
ninkai gliukozës dehidrogenazei yra 2-metoksi-6-metil-1,4-
benzochinonas, 1,4-naftochinonas, trimetil-1,4-benzochi-
nonas.


