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Sea urchin eggs emit light in the visible region during their fertilization. Judging from the chemiluminescence spectra,

one of the excited species generated is considered to have originated from a tyrosine cation radical-mediated reaction,

Chemiluminescence probes such as luminol or a cypridina luciferin analog (2-methyl-6-[p-methoxyphenyl}-3,7-dihydro-

imidazo-[1,2-alpyrazin-3-one} are useful for detecting the ovoperoxidase'H,Q, reaction associated with membrane
hardening and O generation, respectively, during the fertilization of sea urchin eggs.

Fertilization; Superoxide; Chemiluminescence; (Sea urchin egg)

1. INTRODUCTION

It is known that ovoperoxidase of sea urchin
eggs is secreted from cortical granules at fertiliza-
tion and acts in the hardening of the fertilization
membrane by formation of cross-links between
tyrosine residues in the membrane protein [1]. One
of the substrates of ovoperoxidase appears to be
H,0» which is synthesized by the egg in a burst
after fertilization [2,3]. The generation of H20; in
the egg is probably an NAD(PYH-0; oxidoreduc-
tase activity which was found in the egg cortex and
completely accounted for ovoperoxidase [4]. The
natural chemiluminescence associated with fer-
tilization of sea urchin eggs has been reported by
Foerder et al. [2], but its properties remain
unknown. We report here that O; and excited
species involved in tyrosine cation radical-
mediated reactions are generated during the fer-
tilization of sea urchin egps.
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2. MATERIALS AND METHODS

2.1. Materials

8. purpuratus eggs and seminal fluid were collected in the
usual manner [3]. In all experiments, the frequency of fertiliza-
tion on exposure of eggs to sperm was at least 90%.

2.2. Methods

The reaction mixture contained about 2 x 10° eggs, 2-fold
diluted seminal fluid, and artificial seawater at pH 7.8 in a total
volume of 1.5 ml (standard reaction mixture). In some cases,
10 uM luminol or 1 4M 2-methyl-6-|p-methoxyphenyl]-3,7-di-
hydroimidazo-[1,2-¢]pyrazin-3-one (MCLA) [5] were used as
chemiluminescence probes to detect the peroxidase + H,0»
reaction or O3 generation, respectively. Catalase (40 gg/ml), 5
x 1077 M superoxide dismutase (SOD) or 5 mM NaN; was
occasionally added to the system, prior to or during incubation.
Incubations were carried out at 28°C and chemiluminescence
was detected with a Luminescence Reader {Aloka, BLR-101)
[6]. Chemiluminescence spectra were recorded with a filter-type
spectrometer [7].

3. RESULTS AND DISCUSSION

As shown in fig.1A, chemiluminescence ap-
peared about 3 min after mixing of the eggs with
the seminal fluid, gradually reached a maximum at
5—6 min and then slowly decreased. Little or no
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chemiluminescence was detected when 5 mM NaN;
(a peroxidase inhibitor) was added to the system
just before the appearance of chemiluminescence.
Addition of § mM NaNj to the system during the
reaction significantly suppressed chemilumines-
cence. Neither SOD nor catalase affected this
luminescence {(not shown). As shown in fig.1,
luminol-dependent luminescence, which could
reflect the ovoperoxidase + HzO» reaction, ap-
peared earlier than the natural chemiluminescence,
reaching a maximum at 4—5 min and subsequently
decreasing. The duration of this chemilumines-
cence was much shorter than that of the natural
chemiluminescence. The luminol-dependent Iu-
minescence was also inhibited by the addition of
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Fig.1.(A) Natural chemiluminescence (——) and luminol-
dependent chemiluminescence (- — -) during fertilization of sea
urchin eggs in the presence or absence of NaNj;. The standard
reaction mixture with or without luminol was used. All
components, except for seminal fluid, were preincubated at
28°C for 3 min and the reaction was initiated by mixing seminal
ftuid with the components of the mixture. Luminescence was
measured in a luminescence reader at 28°C. Chemiluminescence
intensities expressed in terms of cpm. Arrows indicate the times
at which seminal fluid or N3 was added. Durations of assembly
of ovoperoxidase with the egg membrane and formation of
tyrosine cross-links were derived from the literature (see texr).
(B) MCLA-dependent chemiluminescence during fertilization
of sea urchin eggs. The standard reaction mixture, in which
MCLA was present, was used. All components, except for
spinal fluid, were preincubated for 3 min at 28°C and the
reaction was initiated by mixing seminal fluid with the
components of the mixture. Chemiluminescence was measured
in a luminescence reader at 28°C. Arrows indicate the times at
which Nj, SOD, or catalase was added. Chemiluminescence
intensities expressed in terms of cpm.
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NaN3, prior to or during the incubation. It seems
likely that the duration of the luminol-dependent
luminescence is highly correlated with that of the
formation of tyrosine cross-links, which appears
after the stage of interaction of ovoperoxidase with
the egg membrane, as reported [3].

The difference between the time courses of
luminol-dependent and natural luminescence may
indicate that the formation of bityrosine cross-
links is independent of the presumed tyrosine
radical-mediated luminescence. Thus, in the
horseradish peroxidase-tyrosine-H,0O; reaction,
bityrosine is efficiently formed by the reaction of
tyrosine radicals before the appearance of the ob-
vious tyrosine radical-mediated chemilumines-
cence [8]. As shown in fig.1B, MCLA-dependent
luminescence was inhibited by SOD and also by
NaNj3;, but not by catalytic amounts of catalase, in-
dicating that ovoperoxidase is probably involved in
Oz generation. A rapid decrease in MCLA-
dependent luminescence may be due to prevention
of the escape of Oz to the outside of the egg,
probably by hardening of the membrane. Several
possible H,O»-forming oxidase activities, in-
cluding glucose, xanthine, fatty acyl and fatty acyl-
CoA oxidase activities are absent from the egg cor-
tex. However, two types of NADH oxidase activity
which may produce O3 as a precursor of H,O; are
reported to be present in the egg cortex; one of
these two activities is similar to that of horseradish
peroxidase or of lactoperoxidase which could be
completely inhibited by CN™, the other being
stimulated by Ca’* and inhibited slightly by CN~
{4]. Tt has been found that O3 is generated during
thyroxine-catalyzed oxidation of NADH in the
horseradish peroxidase-H2O, system and suggested
that NAD" formed in the NADH* + phenoxy
radical reaction transfers its electron to O,
vielding Oz as a precursor of H:0: [9]. Thus,
NAD" produced in reaction mixtures containing an
ovoperoxidase + H,0, + NADH + an electron
donor may be a candidate for the generation of Oz
during the fertilization of sea urchin eggs. An
alternative pathway for generating O; may be that
compound [ of ovoperoxidase abstracts an elec-
tron from H0; to vield Oz . This can be supported
by evidence that the horseradish peroxidase-HO»
system produces O7, which can be detected by the
chemiluminescence of MCLA and inhibited by 5 x
1077 M SOD, 5 mM NaNj or a catalytic amount of



Volume 246, number 1,2

o o

(=]

[s}
T

=3
RELATMVE INTENSITY ~COUNTSxI0™/MIN
wm

WAVELENGTH, nm

Fig.2. Typical natural luminescence during fertilization of sea
urchin eggs (A) and the natural chemiluminescence spectra
obtained in 3 different experiments (B). Incubation mixtures
and conditions as in fig. 1A, Spectral analysis was begun 7 min
after mixing of the seminal fluid with eggs and continued for
5 min (stippled area in A) in a filter-type spectrometer using 25
colored filters covering the region between 330 and 600 nm. 1,
luminescence 1; 2, luminescence 2; 3, luminescence 3. Three

different experiments [(——)-----)(——-)] were carried out
using different samples of seminal fluid and eggs from sea
urchin.

catalase (40 xzg/ml) (Sugioka, K. and Nakano, M.,
unpublished).

Even though catalase should rapidly decompose
H;0O; and compete with peroxidase for H,O,, it
should not penetrate into the egg and inhibit the
chemiluminescence induced by the ovoperoxidase
+ HO; reaction in the egg membrane. Thus, it is
not surprising that cxogenously added catalase
does not affect all the chemiluminescence seen
during the fertilization of sea urchin eggs.

To investigate the excited species which emits the
natural chemiluminescence, spectra of the emitted
light were recorded during the time subsequent to
the mixing of eggs with seminal fluid (fig.2A). As
shown in fig.2B, the luminescence spectra
displayed one or two peaks between 420 and
460 nm (luminescence 1), one or two peaks be-
tween 475 and 520 nm (luminescence 2) and two
peaks between 540 and 600 nm (luminescence 3).
In luminescence 2, observed in two out of three ex-
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periments, the ratio of the peak intensity at 500 nm
to that at 480 nm was approx. 1.15, which is quite
similar to that of the peaks at 516 and 490 nm, i.e.
1.1, reported to be due to phosphorescence
originating from the tyrosine cation radical-
solvated electron interaction [10] and comparable
to the value for the peaks at 300 and 478 nm,
namely 1.25, observed in the horseradish
peroxidase-H,0;-tyrosine system [8]. Judging
from the resolution of 20 nm of our spectrometer,
luminescence 2 is considered to be the tyrosine
cation-mediated luminescence. The sources of
luminescence 1 and 3 are unknown, but are likely
to have originated from excited CQO; [11] and ex-
cited tryptophan or protein [12,13].

The present results indicate that ovoperoxidase
participates in the natural, luminol-dependent and
MCLA-dependent luminescence processes which
accompany the fertilization of sea urchin eggs.
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