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Phenol oxidase (monophenol, L-dopa: oxygen
oxidoreductase, EC.1.14.18.1; also trivially named pelyphenol
oxidase and tyrosinase) is a copper protein that catalyzes the
oxygenation of monophenols to o-diphenols and the oxidation
of o-diphenols to the corresponding quinoes. The enzyme is
present in animals and plants and functions as a key enzyme
for melanin synthesis.

Insect phenol oxidase was first found to be present as
inactive precursor (pro-phenol oxidase) in grasshopper eggs
more than half a century ago. Then Dr. Ohnishi reported in
1950s the occurrence of pro-phenol oxidase in the hemolymph
of fruit fly and other diptera and the activation of pro-phenol
oxidase by endogenous proteinaceous factor. Phenol oxidase
has been the most conspicuous enzyme among insect
physiologists because disruption of homeostasis usually
triggers the activation of pro-phenol oxidase and the activation
results in the formation of black pigment, melanin. Formation
of melanin is often deleterious to enzymes, cells and so forth
in samples originated from insects and a few crystals of
phenylthiourea (an inhibitor for phenol oxidase) have regularly
been put into our samples as if it was an inevitable rule to
handle materials from insects. The activity of phenol oxidase
varies depending on species of insect, but in some insects
concentration of hemolymph pro-phenol oxidase is so high
that entire hemolymph becomes black in a matter of seconds
if all the pro-phenol oxidase in hemolymph is activated to
phenol oxidase. Under normal physiological conditions,
hemolymph pro-phenol oxidase is never activated. What is
the function of pro-phenol oxidase in insect hemolymph and
how is its activation regulated? When | started my study on
silkworm pro-phenol oxidase some thirty years ago, there was
insufficient experimental data to answer the questions.
However, it seemed to be true that pro-phenol oxidase played
some important role for insect life, because no mutant lacking
phenol oxidase had been recorded then. The only indication
for the physiological roie of pro-phenol oxidase in insect
hemolymph was the observation of insect pathologists who
once in a while reported the melanization reaction around
microorganisms invading insects. The role of pro-phenol
oxidase and regulation mechanism of the activation in
hemolymph had been a mystery in insect physiology until
1980s.

When my coilaborator, Dr. K. Dohke and | were
students at Tokyo Metropolitan University, we
purification of pro-phenol oxidase and its activating
(pro-phenol oxidase activating enzyme, PPAE) to
activation at molecular level. Using the homo
preparations we could demonstrate that pro-phenc
is converted to phenol oxidase by limited proteoly:
meantime PPAE was shown to be a very specific s
proteinase. It was not known, however, how the PP/
was regulated.

At the beginning of the last decade | found by
method with which silkworm hemolymph could be
without triggering the activation mechanism of p
oxidase. It was a breakthrough for the study on the
and function of pro-phenol oxidase activation mech
using the hemolymph our subsequent studies rev
Pro-phenol oxidase is activated through the action of
composed from serine protease zynogens and fac
be found. (2) Calcium ions are necessary for the ¢
be activated. (3) At the initiation points of the cascac
with the specific affinity to microbial cell wall comp
present. They were purified and named pept
recognition protein (PGRP) and -1,3-glucan re
protein (BGRP). Binding of PGRP and BGRP to pef
and B-1,3-glucan, respectively, initiates the activa
cascade. (4) The cascade is triggered at very low
tions of the celi wall components (for example, w
picogram of B-1,3-glucan/silkworm hemolymph
cascade diverges into two pathways, one for the a
pro-phenol oxidase and the other for a serine
zymogen (tentatively named as proBAEEase) of whi
remains to be studied, but speculated to be involve
coagutation.

Insect pathologists have suggested since a lorr
that melanization might be an important defens
because it is often witnessed in the process of wou
and sequestration of pathogens. More recently i
speculated that intermediate compounds (quino
melanin synthesis from mono- or diphenols are hig
living cells, including infectious microorganisms. ’
of our studies on pro-phenol oxidase cascad
corroborate the insect pathologists’ view. Furthe
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cascade is claimed to be responsible for the production of
opsonin and hemokinetic factor. Pro-phenol oxidase cascade
is now considered an integral part of insect defense
mechanisms.

Four research groups including ours reported
independently in 1995 that insect and crustacean pro-phenol
oxidase are proteins homologous to arthropod hemocyanins.
This findings are surprising because phenol oxidases other
than those of arthropods are not homologous to arthropod
hemocyanin. Insects have developed an intricate tracheal
system to distribute atmospheric oxygen directly to tissues.
For this reason it is thought that hemocyanin was no longer
necessary and subsequently disappeared from insect
hemolymph. Obviously current insects have developed body
architecture which allows them to exploit aerobic conditions.
The homology of pro-phenol oxidase to arthropod hemocyanin
implicates that current pro-phenol oxidase evolved di rectly from
ancient arthropod hemocyanin or from the same ancestral
binuclear copper protein as that of arthropod hemocyanins.
The independence from oxygen-carrying pigment
(hemocyanin) have most likely made it possible for current
insects to use it in another purpose. Consequently pro-phenol
oxidase, serine protease cascade and the molecules with
specific affinity to microbial cell wall components have been
organized into a unique defense mechanism, pro-phenol
oxidase cascade in insects.

We recently reported that pro-phenol oxidase cascade is
also present in chitinous exoskeleton, indicating that the insect
tissues are literally bathed in or surrounded by pro-phenol

oxidase and its activating cascade. Substrates of
oxidase are ubiquitous in insect body and could be col
to toxic quinones by its catalytic action. Therefore, it is ¢
that majority of insect tissues are guarded by pro-
oxidase cascade and at the same time insects have toh
the destructive potential of pro-phenol oxidase by devi
complex regulation mechanisms for its activation.

Our studies on insect pro-phenol oxidase over thirt
revealed a unique dependence of insect defense mecl
on atmospheric oxygen and phenolic substance:
involvement of new type phenol oxidase is a feature
mechanism. As it is often the case, new findings on
pro-phenol oxidase raise new questions. However, if
feeling that research on insect pro-phenol oxidase just
advancing toward right direction and a mystery, the |
pro-phenal oxidase, in insect physiology from time imme
is becoming that of the past. Pro-phenol oxidase appe
be a molecule characterizing the physiclogy of insects
are highly dependent on aerobic conditions. It is my
that more detailed studies on the pro-phenol oxidase ca
at the molecular level will tell us more about the unde
nature of insects, which are among the most succe
organisms on earth.

In closing | would like to express my sincere gratity
my collaborators and graduate students for their dedic
and enthusiasm to the study of pheol oxidase system of i
and to Professor Emeriti Miki Akino at Tokyo Metrop
University and Eiji Ohnishi at Nagoya University for
encouragement and guidance throughout the present w



