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Peroxidase (EC 1.1.11.7) is one of most widely dis-
tributed plant enzymes. In vivo it is involved into various
physiological processes such as decarboxylation of
indolyl-3-acetic acid, cell wall formation, lignification,
suberization, etc. [1-4]. Commercially available horserad-
ish peroxidase is widely employed for various practical
purposes. It is used for removal from industrial waters of
aromatic amines and phenols (including chlorinated phe-
nols), in organic synthesis, and for bleaching of industrial
dyestuffs [5-8]. Horseradish peroxidase is widely used in
enzyme-linked immunoassay for antibody or antigen
labeling [9]. It is also used for detection of nucleic acids
[10]. Advantages of the use of peroxidase include its high
activity and stability. This is very important both for analy-
ses and for long term storage of peroxidase conjugates.

Oxidation of substrates by hydrogen peroxide with
colorimetric detection of the oxidation products is usual-
ly employed for the determination of peroxidase activity.
Guaiacol, ammonium 2,2′-azino-bis-(3-ethylbenzthia-
zoline-6-sulfonate), o-dianisidine, and pyrogallol are
usually used as the substrates [11-14]. However, after the
discovery of enhanced chemiluminescence which is
observed during luminol oxidation by horseradish perox-
idase in the presence of H2O2 and enhancers [15], new
kits for enzyme-linked immunoassay with chemilumines-
cent detection of peroxidase activity were developed. This
method is sensitive, which explains its wide use.

Subsequently, it was shown that anionic peroxidases from
tobacco leaves [16] and Arthromyces ramosus [17, 18] also
effectively catalyze luminol oxidation, and the measured
chemiluminescence was almost enhancer-independent.
In the present study we have investigated luminol peroxi-
dation catalyzed by a new anionic peroxidase isolated
from leaves of the African oil palm tree Elaeis guineensis.

MATERIALS AND METHODS 

Peroxidase was isolated from leaves of the African oil
palm tree Elaeis guineensis as described in [19]. The spe-
cific activity of the peroxidase with guaiacol as substrate
was 4300 U per mg, and the RZ value was 3.0. Luminol-
HCl, 4-iodophenol, 4-hydroxycinnamic acid, and Tris
were purchased from Sigma (USA). Boric acid and H2O2

(30%) were produced by Merck (Germany).
Catalytic luminol oxidation was assayed as follows.

Components of the reaction mixture (250 µl of 10-100 mM
Tris or borate buffer containing 0.1-8.0 mM hydrogen
peroxide and 2-14 mM luminol) were added to opaque
wells of teflon plates (Dynatech, USA) and the reaction
was initiated by adding peroxidase solution. The kinetics
of chemiluminescence was measured at room tempera-
ture using a luminometer (Amersham, USA). The effect
of enhancers on the chemiluminescence of the catalytic
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luminol oxidation was studied using 0.5 mM 4-iodophe-
nol and 4-hydroxycinnamic acid.

RESULTS AND DISCUSSION

Peroxidases catalyze the oxidation of luminol by
hydrogen peroxide. The overall process can be illustrated
by the following scheme: 

E + H2О2 → EI + H2О ,

EI + L → EII + L
–• ,

EII + L → E + L
–• + H2О ,

where E, EI, and EII are the ferric peroxidase and inter-
mediate compounds of peroxidase, and L and L

–• are
luminol and its radical product of one electron oxidation,
respectively. The radical product of luminol oxidation is
then converted into 3-aminophthalate, and this process
results in light emission [20].

This reaction has been studied for various peroxidas-
es. Horseradish peroxidase is a poor catalyst of this reac-
tion [21], and increase of its efficacy requires the presence
of so-called “enhancers”. For example, addition of some

phenols (4-iodophenol, 4-hydroxycinnamic acid, etc.) in
the reaction medium is accompanied by a sharp (~1,000-
fold and even more) increase in chemiluminescence
intensity [15, 21]. This phenomenon, known as the
“enhanced chemiluminescence” reaction is employed in
many diagnostic kits.

Later chemiluminescent luminol oxidation was stud-
ied using anionic peroxidases isolated from tobacco leaves
and Arthromyces ramosus. In contrast to the basic horse-
radish peroxidase (pI 8.9), anionic peroxidases catalyze
luminol oxidation more effectively and they are almost
insensitive to enhancers [16-18, 22].

We recently isolated and partially characterized a new
anionic peroxidase from oil palm leaves [19]. Since the
optimal catalytic conditions for various peroxidases are
different, it was important to optimize the conditions for
luminol oxidation catalyzed by AOPTP. The maximal
chemiluminescence measured in Tris-buffer was regis-
tered at pH 8.3-8.6 (Fig. 1). The same pH optimum was
found for this reaction catalyzed by Arthromyces ramosus
peroxidase and also for the reaction of enhanced chemilu-
minescence catalyzed by horseradish peroxidase [18]. This
value differed slightly from the pH optimum for tobacco
peroxidase (9.3) [16]. Substitution of Tris for borate did
not influence the pH optimum or chemiluminescent
intensity of the palm tree peroxidase (data not shown). 
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Fig. 1. The pH dependence for chemiluminescence intensity
during luminol oxidation by hydrogen peroxide catalyzed by oil
palm tree peroxidase. The reaction medium contained 20 mM
Tris buffer, 20 pM peroxidase, 9 mM luminol, and 4 mM H2O2.
Chemiluminescence intensity was registered 42 min after the
start of the reaction.
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Fig. 2. Dependence of chemiluminescence intensity during
luminol oxidation by hydrogen peroxide catalyzed by palm tree
peroxidase on luminol concentration. The reaction medium
contained 100 mM Tris-buffer, pH 8.3, 180 pM peroxidase,
and 4 mM H2O2. Chemiluminescent intensity was registered
42 min after the start of the reaction.
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Increasing the luminol concentration in the reaction
mixture increased the chemiluminescent signal (Fig. 2).
Within the range of luminol concentrations 2-14 mM, the
intensity curve tended to saturation. However, due to the
limited solubility of luminol, the luminol concentration
could not be increased further. In subsequent experiments
9-14 mM luminol concentrations were used.

The dependence of chemuliminescence on hydrogen
peroxide concentration was characterized by a maximum
at 4-6 mM H2O2 (Fig. 3). Further increase in the hydro-
gen peroxide concentration reduced the chemilumines-
cence intensity. This is consistent with the well-known
fact that hydrogen peroxide is a suicide substrate for per-
oxidases [23, 24].

The optimal substrate concentrations for the palm
tree peroxidase are slightly higher than corresponding
values for maximal catalytic efficiency of tobacco peroxi-
dase (2.5 mM luminol, 2 mM H2O2 [16]) and Arthromyces
ramosus peroxidase (1-2 mM luminol, 0.75 mM H2O2

[18]). 
Buffer concentration was crucial for the manifesta-

tion of chemiluminescence intensity during luminol oxi-
dation catalyzed by the palm tree peroxidase (Fig. 4). The
intensity of chemiluminescence increased with decreas-
ing buffer concentration, and 10-20 mM Tris-buffer was
optimal for maximal chemiluminescence. A similar effect
was found with ammonium 2,2′-azino-bis-(3-ethylbenz-
thiazoline-6-sulfonate) as the substrate for colorimetric
detection of the palm tree peroxidase activity (Sakharov,
unpublished data). This phenomenon has not been
reported for other peroxidases.
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Fig. 3. Dependence of chemiluminescence intensity during
luminol oxidation by hydrogen peroxide catalyzed by palm tree
peroxidase on hydrogen peroxide concentration. The reaction
medium contained 100 mM Tris-buffer, pH 8.3, 180 pM per-
oxidase, and 9 mM luminol. Chemiluminescence intensity was
registered 42 min after the start of the reaction.
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Fig. 4. Dependence of chemiluminescence intensity during
luminol oxidation by hydrogen peroxide catalyzed by palm tree
peroxidase on concentration of Tris-buffer, pH 8.3. The reac-
tion medium contained 30 pM peroxidase, 9 mM luminol, and
4 mM H2O2. Chemiluminescent intensity was registered 20 min
after the start of the reaction.
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Fig. 5. Sensitivity of the reaction of luminol oxidation by
hydrogen peroxide to palm tree peroxidase concentration. The
reaction medium contained 100 mM Tris-buffer, pH 8.3, 9 mM
luminol, and 4 mM H2O2. Chemiluminescence intensity was
registered 120 min after the start of the reaction.
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Anionic peroxidases are characterized by low sensi-
tivity to enhancers, which can only slightly increase (by
1.5-2-fold) the chemiluminescence [16-18]. The palm
tree peroxidase is also characterized by a lack of signifi-
cant effect of enhancers. For example, in the presence of
0.5 mM 4-iodophenol, the maximal activating effect was
40%, and 4-hydroxycinnamic acid even slightly inhibited
(by 10%) the chemiluminescence intensity. Thus, the
palm tree anionic peroxidase (pI 3.5), like other anionic
peroxidases, does not catalyze the reaction of enhanced
chemiluminescence.

Optimization of the conditions for enzymatic lumi-
nol oxidation allowed the determination of the lower
detection limit for the palm tree peroxidase. The latter
corresponds to the enzyme concentration required for
chemiluminescence twice that of the chemiluminescence
of the same solution but without the peroxidase.
Peroxidase concentration varied in the range 0.5-180 pM
(Fig. 5). The detectable limit of peroxidase was 2 pM. This
value slightly exceeds the corresponding parameter deter-
mined earlier for horseradish and tobacco peroxidase (1
and 0.1 pM, respectively) [16]. Nevertheless, the sensitiv-
ity of this reaction is quite reasonable for use of the palm
tree peroxidase in enzyme-linked immunoassay. The lin-
ear dependence between concentration of the palm tree
enzyme and chemiluminescence intensity over a wide
concentration range (10-180 pM) is also an important fea-
ture for the practical use of the enzyme.

Figure 6 shows typical kinetic curves of luminol
oxidation by hydrogen peroxide in the presence of three
different peroxidases. They are characterized by differ-
ent behavior. For example, in the case of enhanced

chemiluminescence in the presence of horseradish per-
oxidase, the chemiluminescence intensity increases,
reaches a maximum, and then decreases (curve 1, Fig.
6). The decrease in chemiluminescence intensity can be
attributed to inactivation of horseradish peroxidase by
products of oxidation of enhancers and luminol [25]. In
the case of tobacco peroxidase, the initial increase in
chemiluminescence intensity is faster (curve 2, Fig. 6)
[16].

In the case of the palm tree peroxidase as the catalyst
of luminol oxidation, the intensity of chemiluminescence
increased slower, but after reaching a maximum it
remained unchanged over a long time interval (curve 3,
Fig. 6). This is an obvious advantage of the palm tree per-
oxidase over the other peroxidases studied. Taking into
consideration its very high stability, the palm tree enzyme
is a promising tool for analytical use.

The author is grateful to I. N. Zorov (Moscow State
University) for his help in isolation of the palm tree per-
oxidase.
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Fig. 6. Typical kinetic curves of chemiluminescence intensity
during luminol oxidation by hydrogen peroxide catalyzed by
horseradish (1), tobacco (2), and palm tree (3) peroxidases.
Data for the horseradish and tobacco enzymes were taken from
[16]. 
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