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Abstract

Prophenol oxidase (PPO) (EC 1.14.18.1) is isolated from pupae of blowfly (Sarcophaga bullata) and purified by employing ammonium
sulfate fractionation, ion-exchange chromatography on DEAE-cellulose, and gel filtration through Sephadex G-100 column chromatog-
raphy. The enzyme exists in a latent or inactive state. Cetylpyridinium chloride (CPC), a cationic detergent, is found to activate the PPO
activity. The activation of the enzyme by CPC has first been studied by using the kinetic method of the substrate reaction described by
Tsou. The results show that the enzyme is activated by a complexing scheme that has not been previously identified. The enzyme first
reversibly and quickly binds CPC and then undergoes a slow reversible active course. The activation reaction is a single molecule reaction
and the apparent activation rate constant is dependent on the CPC concentration with the function relationship fit with a hyperbola. The
micro rate constants of activation and the association constant are determined from the measurements. Substrate binding does not affect
the micro rate constants of activation by CPC.
� 2006 Published by Elsevier Inc.
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1. Introduction

Prophenol oxidase (EC 1.14.18.1, PPO)1 is a key
enzyme associated with both melanin biosynthesis in mel-
anocytes and sclerotization in insects [1]. It catalyzes the
o-hydroxylation of L-tyrosine to L-dihydroxyphenyl-
alanine (hydroxylase activity) as well as the oxidation of
L-dihydroxyphenylalanine to L-dopaquinone (oxidase
activity). The L-dopaquinone will be oxidized to form
melanin, which has a protective effect against injury by
ultraviolet radiation [2]. It has been suggested that PPO
also plays an important role in melanoma cells [3]. In
insects, PPO is considered to be involved not only in

melanin formation, but also in sclerotization of cuticles,
wound healing, and defense reactions [4].

The unique roles played by PPO in insect physiology
and biochemistry certainly demand a serious study on this
enzyme. By taking advantage of the fact that PPO is pres-
ent in the inactive proenzyme form, some scientists have
successfully purified and characterized the prophenol oxi-
dase. The PPOs from housefly larvae [5] and pupae [6] have
been purified and studied on the basis of their physico-
chemical characteristics. Chase et al. [7] have reported the
purification, characterization, and molecular cloning of
prophenol oxidase from the larval hemolymph of Sarcoph-

aga bullata that could be activated by cetylpyridinium chlo-
ride (CPC) specifically and the activated enzyme exhibited
marked thermal instability. It has been reported that plant
prophenol oxidases can be activated by different treatments
such as acid shock [8], alcohols [9], fatty acids [10,11], and
detergents such as sodium dodecyl sulfate (SDS) [12,13]
and CPC [14]. This activation can also result from the
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attack of pathogens [15]. We have also found that CPC is
necessary to the enzyme from insect S. bullata (blowfly).
In this paper, the activation mechanism is investigated.
The results show that CPC first quickly binds with the pro-
enzyme reversibly and then causes a slow activation course.
The aim of the present experiment is, therefore, to carry
out a kinetic study of the activation of prophenol oxidase
by CPC and to evaluate the kinetic parameters and con-
stants characterizing the system.

2. Materials and methods

2.1. Reagents

Blowfly pupae were purchased from Carolina Biological
Supply Co. (USA); L-DOPA was a product of Sigma
(USA); Cetylpyridinium chloride (CPC) was purchased
from Aldrich (USA). DEAE-cellulose was from Whatman;
Sephadex G-100 was a Pharmacia product. All other
reagents were local products of analytical grade. The water
used was re-distillated and ion-free.

2.2. Purification of the enzyme

Preparation and purification of PPO from blowfly
pupae was as described previously [16]. The final prepara-
tion was homogeneous on polyacrylamide gel electrophore-
sis and FPLC. The specific activity of the enzyme was
770 U/mg. One unit (U) of enzymatic activity was defined
as the amount of enzyme catalyzing the formation of
1 lmol dopachrome per minute from L-3,4-dihydroxyphen-
ylalanine (L-DOPA) at 30 �C. Absorption was recorded
using a Beckman UV-650 spectrophotometer.

2.3. Assay of PPO activity

The activity assay of PPO from blowfly pupae was per-
formed with L-DOPA as substrate by the methods
described by Chen [17] with slight modifications. The reac-
tion media (3.0 ml) that contained 1.0 mM L-DOPA,
50 mM sodium phosphate buffer (pH 6.8) were first incu-
bated at 30 �C for 5 min. Then, a portion of 20 ll of appro-
priately diluted enzyme solutions incubated with 50.0 lM
CPC was added to the reaction mixture and the optical
density was continuously monitored at 475 nm for 3 min.
The enzyme activity was calculated from the linear increase
in optical density at 475 nm with the molar absorption
coefficient of 3700 M�1 cm�1 [18]. Protein concentration
was determined by the Bradford method with bovine serum
albumin as standard.

2.4. Activation kinetics of PPO from blowfly pupae at

different concentrations of CPC

The activity for oxidation of L-DOPA by PPO from
blowfly pupae needs CPC for activation. The progress-of-
substrate-reaction method previously described by Tsou

[19] was used for the study of the activation kinetics of
the enzyme. In this method, 20 ll of the purified latent
enzyme was added to 3.0 ml of reaction mixture containing
0.05 M Na2HPO4–NaH2PO4 buffer (pH 6.8), 0.5 mM L-
DOPA and different concentrations of CPC. The substrate
reaction progress curve was analyzed to obtain the rate
constants as detailed below. The time course of the oxida-
tion of the substrate in the presence of different CPC con-
centrations showed that at lower than 70 lM of CPC the
rate increased with increasing time until a straight line
was approached. The kinetic scheme of the enzyme activat-
ed by CPC can be written as Scheme 1:

E +  X EX E*,
Kd k+0

k–0

where E represents the enzyme and EX represents the com-
plex formed by the fast and reversible association of the en-
zyme and CPC. It then undergoes a reversible slow course
to form the activated form of the enzyme, E*. Kd is the dis-
sociation equilibrium constant of the enzyme and CPC,
while k+0 and k�0 are the microscopic rate constants of
the activation step. The activation rate of the enzyme at
time t is given by

d½E��
dt
¼ kþ0½EX� � k�0½E�� ¼ B½E0� � A½E�� ð1Þ

and

A ¼ kþ0½X�
½X� þ Kd

þ k�0 ð2Þ

B ¼ kþ0½X�
½X� þ Kd

; ð3Þ

where [E0], [E*], and [EX] are the concentrations of the to-
tal enzyme, activated enzyme, and the complex of enzyme
and CPC, respectively. [X] is the concentration of CPC.
A is the apparent activation rate constant. Because the ini-
tial activity is equal to zero, the enzyme activity at time t is
calculated according to Tsou’s method [20] to be

v ¼ v�ð1� e�AtÞ ð4Þ
and the product formation can be written as

½P�t ¼ v� � t � v�

A
ð1� e�A�tÞ; ð5Þ

where [P]t is the concentration of the product formed at
time t, and v* is the enzyme activity of enzyme activated
by CPC in different concentrations. When t is sufficiently
large, the curves become straight lines and the product con-
centration is written as [P*]:

½P�� ¼ v� � t � v�

A
: ð6Þ

Combining Eqs. (5) and (6) yields

½P�t � ½P
�� ¼ v�

A
� e�A�t; ð7Þ
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