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Schuel, H. & Schuel, R. (1986) Sea urchin sperm peroxidase is competitively inhibited by benzohydroxamic acid and phenyl- 
hydrazine. Biochem. Cell Biol. 64, 1333-1338 

Sea urchin sperm contain a phenylhydrazine-sensitive peroxidase that is believe6 to use hydrogen peroxide produced by the 
fertilized egg to reduce sperm fertility and thereby assist in the prevention of polyspermy. Strongylocentrotuspurpuratus sperm 
were treated initially with hypotonic phosphate buffer (pH 7.0) to remove catalase and then extracted with 0.5% Triton X-100 
in 0.5 M acetate buffer (pH 5.0). Peroxidase activity in this detergent extract was assayed using 3,3',5,5'-tetramethyl benzidine 
(TMB) as oxidizable substrate. Kinetic studies showed that the K ,  for TMB is 250 pM. Benzohydroxamic acid and phenyl- 
hydrazine are known to be competitive inhibitors of a variety of plant and animal peroxidases. These substances were found 
to competitively inhibit ihe sea urchin sperm peroxidase: for benzohydroxamic acid, Ki = 5 1.2 pM, mean inhibitory dose (ID50) 
= 146.7 pM; forphenylhydrazine, Ki = 201 nM, ID50 = 303 nM. These findings (i) indicate that the biochemical properties of 
the sea urchin sperm peroxidase resembles those of peroxidases found in somatic tissues where oxygen radicals are produced by 
phagocytes to kill bacteria and (ii) support our hypothesis that the sperm peroxidase has a functional role in the prevention of 
polysperrny during fertilization. 

Schuel, H. & Schuel, R. (1986) Sea urchin sperm peroxidase is competitively inhibited by benzohydroxamic acid and phenyl- 
hydrazine. Biochem. Cell Biol. 64, 1333- 1338 

Le sperme d'oursin de mer contient une peroxydase sensible i la phknylhydrazine qui utiliserait le peroxyde d'hydrogkne 
produit par l'aeuf f6condC pour reduire la fkcqnditt dl1 sperme et participer ainsi B la prkvention de la polyspemie. Nous avons 
d'abord trait6 le sperme de Strongylocentrotus purpuratus avec un tampon phosphate hypotonique B pH 7,O pour enlever la 
catalase et nous I'avons ensuite extrait avec le Triton X-100 B 0,5% dans un tampon acktate 0,5 M B pH 5.0. Nous avons 
mesure l'activitk peroxydasique dans cet extrait par dktergent, utilisant la 3,3',5,5'-tttramCthy1 benzidine (TMB) comme sub- 
strat oxydable. L'Ctude cinktique montre que le K ,  pour la TMB est de 250 pM. L'acide benzohydroxamique et la phknyl- 
hydrazine sont des inhibiteurs compktitifs reconnus de diverses peroxydases vkgktales et animales. Ces rkactifs inhibent de f a ~ o n  
compktitive la peroxydase du sperme d'oursin de mer: I'acide benzohydroxamique, Ki = 51,2 pM et dose moyenne inhibitrice 
(D150) = 146,7 kM; la phenylhydrazine, Ki = 201 nM et D150 = 303 nM. Ces donnkes (i) montrent que les propriktks bio- 
chirniques de la peroxydase du sperme d'oursin de mer ressemblent i celles des peroxydases pr6sentes dans les tissus somatiques 
oh les radicaux oxygtne sont produits par les phagocytes pour tuer les bactkries et (ii) confirment notre hypothkse que la 
peroxydase du sperrile exerce un r6le fonctionnel dans la prevention de la polyspermie durant la fkcondation. 

[Traduit par la revue] 

Introduction 
The establishment of the block to polyspermy during 

fertilization is a critical event in the process of reproduc- 
tion. Normally, only one spermatocyte enters the egg's 
cytoplasm and fuses with the female pronucleus. Pene- 
tration of the egg by more than one spermatocyte, 
polyspermy, is a pathological event that results in 
abnormal development and death of the embryo (1). 

In sea urchins, the fertilizing sperm stimulates several 
responses by the egg, which act together at the egg's 
surface to prevent supernumerary sperm from entering 
(2). The first of these to be recognized was the elevation 
of t5e fertilization envelope to form an absolute mechan- 
ical barrier to sperm penetration (1). The fertilization 
envelope is derived in part from the vitelline layer that is 
attached to the plasma membrane of the unfertilized egg 

ABBREVIATIONS: TMB, 3,3',5,5'-tetramethyl benzidine; 
IDSO, mean inhibitory dose; DMSO, dimethyl sulfoxide. 

plus secretory products that are released by exocytosis of 
the egg's cortical granules (cortical reaction) at fertiliza- 
tion (reviewed in Refs. 2-5). This process begins at the 
site where the fertilizing sperm fuses with the egg's 
plasma membra~e and propagates around the entire 
surface of the egg. However, the fertilization envelope 
does not elevate rapidly enough from the entire surface 
of the sea urchin egg (1-2 min for completion) to be 
exclusively responsible for the prevention of poly- 
spermy in the presence of excess sperm (1, 2). During 
this period, other faster egg responses operate to restrict 
sperm penetration until the cortical reaction is com- 
pleted: rapid sodium-dependent electrical depolariza- 
tion of the egg's plasma membrane (6, 7), possible 
production of putative arachidonic acid derived oxida- 
tion products (8, 9), and the release of H202 into the 
ambient sea water (10, 1 1). 

The fertility of sea urchin sperm is rapidly reduced 
upon exposure to H202 at concentrations comparable to 
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1334 BIOCHEM. CELL BIOL. VOL. 64, 1986 

those released by sea urchin eggs during the cortical 
reaction at fertilization (10). Under these physiological 
conditions inactivation of sperm fertility by H202 
appeared to be promoted by a phenylhydrazlne-sensitive 
peroxidase endogenous to the sperm. Sperm also 
appeared to contain a catalase (aminotriazole sensitive) 
that tends to protect them from H202. Subsequent 
biochemical studies demonstrated that sea urchin sperm 
contain a distinct phenylhydrazine-sensitive peroxidase 
and a aminotriazole-sensitive catalase that could be 
separated by differential extraction (12). Phenylhydra- 
zine is known to be a potent competitive inhibitor of 
peroxidases obtained from somatic tissues of animals 
and plants (1 3- 16). Benzohydroxamic acid is another 
competitive inhibitor of various peroxidases (17- 19). In 
the present study we show that phenylhydrazine and 
benzohydroxamic acid are competitive inhibitors of the 
peroxidase activity extracted from sea urchin sperm. A 
preliminary account of this study has been presented 
previously (20). 

Materials and methods 
Strongylocentrotus purpuratus were obtained from Pacific 

Bio-Marine Supply Co. (Venice, CA) and maintained, in 
Buffalo, NY, at 10-15°C in a marine aquarium from Aquar- 
ium Systems, Inc. (Wickliffe, OH) until used. The animals 
were induced to spawn by an intracoelomic injection of 0.5 M 
KCl. Dry sperm (semen) were collected, by inverting spawn- 
ing animals over small glass dishes, and stored on ice until 
used. 

The semen was centrifuged at 1470 X g for 15 min to 
sediment the sperm (21). The supernatant (seminal plasma) 
was removed by aspiration. The sperm pellet was resuspended 
in 20 volumes of hypotonic (0.1 M) sodium phosphate buffer 
(pH 7.0), extracted initially for 2 h to remove the catalase, and 
then reextracted for l h with 0.5% Triton X-100 in 0.5 M 
sodium acetate (pH 5.0) to solubilize the peroxidase as 
previously described ( 12). 

Peroxidase activity in the detergent extract was assayed 
spectrophotometrically at room temperature (24-26°C) using 
TMB as the oxidizable substrate (12, 22-24). For the assay, 
aliquots (0.4mL) of sperm extract were added to 0.1 mL of 
TMB (1-6 mg.mLP') dissolved in DMSO and 0.5 mL of 
inhibitor (phenylhydrazine or benzohydroxamic acid) dissol- 
ved in 0.5 M sodium acetate (pH 5.0). The initial burst of 
peroxidase activity was monitored at 60 s by absorbance at 
650 nm in a Beckman DB spectrophotometer. The reference 
side contained all reagents except for H202. The extinction 
coefficient of 5400 for oxidized TMB (25) was used to 
calculate the amount of substrate oxidized by the peroxidatic 
reaction. Each experiment was repeated three to-four times 
with different preparations of sperm peroxidase. Each data 
point presented represents the mean from these trials (n). 

The following biochemical reagents were used in this study: 
TMB, DMSO, and Triton X-100 purchased from Sigma 
Chemical Co. (St. Louis, MO); H202 and phenylhydrazine 
from Fisher Scientific Co. (Pittsburg, PA); and benzohydrox- 
amic acid from Aldrich Chemical Co. (Milwaukee, WI). 

'0 100 200 300 400 500 
BENZOHYDROXAMIC ACID, pM 

FIG. 1. Inhibition of TMB peroxidase activity in detergent 
extract of Strongylocentrotus purpuratus sperm by benzohy- 
droxamic acid. n = 3. 

1 1 1 1 1  1 1  1 1 1  
0 0.1 0.2 0.3 0.4 0.5 

PHENYLHYDRAZINE, pM 
FIG. 2. Inhibition of TMB peroxidase activity in detergent 

extract of sperm by phenylhydrazine. n = 4. 

Results 
The TMB-peroxidase activity in the detergent extract 

of sperm is strongly inhibited by benzohydroxamic acid 
(Fig. 1) and phenylhydrazine (Fig. 2). The latter results 
confirm previous observations that the sperm peroxidase 
is sensitive to inhibition by phenylhydrazine (1 2). 

The mode of inhibition by these substances was 
investigated by kinetic parameters (26). Analysis of the 
experimental data by Lineweaver-Burk plots shows that 
inhibition of the sperm peroxidase is competitive with 
both benzohydroxamic acid (Fig. 3) and phenylhydra- 
zine (Fig. 4). Dixon plots of the kinetic data also show 
that these substances are competitive inhibitors of the 
sperm peroxidase (data not shown). The K,  for TMB is 
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SCHUEL AND SCHUEL 1335 

BENZOHYDROXAMIC ACID, y M  
FIG. 3. Competitive inhibition of sperm TMB peroxidase 

activity by benzohydroxarnic acid. n = 3. (A) Lineweaver- 
Burkplots of substrate (TMB) concentration against the rate of 
TMB oxidation, with and without benzohydroxarnic acid ( 0 ,  
0 (LM, 0, 25 pM; A, 50 pM, A, 100 pM).  (B) Slopes of 
curves obtained in Lineweaver-Burk plot versus inhibitor 
concentration for Ki determination. Ki ( - x  axis intercept) is 
equivalent to the concentration of inhibitor that doubles the 
slope of the l l v  versus 1/S plot (26). 

250 & 51.1 pM (n = 8). It was determined in these 
experiments by extrapolation of the kinetic data obtained 
in the absence of inhibitors (Figs. 3A and 4A) to the - x  
axis intercept. Comparison of the Ki and IDs0 values 
from these studies shows that phenylhydrazine is a more 
potent inhibitor of the sperm peroxidase than benzohy- 
droxamic acid (Table 1). Furthermore, there is good 
agreement between the observed IDso values for phenyl- 
hydrazine and benzohydroxamic acid and those calcu- 
lated from the experimentally determined K, for TMB 
and the Ki values for each inhibitor. 

k 
OO 0.1 0.2 0.3 

PHENYLHYDRAZINE, pM 
FIG. 4. Competitive inhibition of sperm TMB peroxidase 

activity by phenylhydrazine. n = 4. (A) Lineweaver-Burk 
plots of substrate concentration against the rate of TMB oxida- 
tion, withand withoutphenylhydrazine ( 0 , O  pM; 0 , O .  1 pM, 
A, 0.2 (LM; A, 0.3 pM).  (B) Slopes of curves obtained in 
Lineweaver-Burk plot versus inhibitor concentration for Ki 
determination. 

Discussion 
The results described above show that benzohydrox- 

amic acid and phenylhydrazine are competitive inhibi- 
tors of the sea urchin sperm peroxidase. Since these 
substances are known to be competitive inhibitors of 
peroxidases obtained from the somatic tissues of plants 
and animals (13-19), our findings suggest that the 
biochemical properties of the sperm peroxidase resem- 
bles those of peroxidases found in other cellular 
systems. A more precise analysis of the molecular 
mechanisms responsible for the observed inhibition of 
the sperm peroxidase by phenylhydrazine and benzohy- 
droxamic acid will be possible after the enzyme has been 
purified. Benzohydroxamic acid is a useful affinity 
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TABLE 1. Summary of inhibitor kinetics for sea urchin (S. purpuratus) sperm 
peroxidase 

D 5 0  

Inhibition 
Inhibitor n mode Ki, PM PMa PMb 

Phenylhydrazine 3 Competitive 0.20120.067 0.30320.087 0.581 20.218 
Benzohydroxamic 

acid 3 Competitive 51.2+- 1.3 146.7216.1 186.9k28.6 

"Inhibitor concentration that produced 50% inhibition of peroxidase activity in each experiment. 
bCalculated from the equation (26) ID5, = ( 1  + S/K,)K, ,  where K ,  and K, have been determined 

experimentally in each trial. K ,  for TMB in phenylhydrazine series is 272.9 + 32.7 yM and benzohydroxamic 
acid series 193.7 ? 39.8 ILM. 

ligand to purify peroxidases by means of affinity 
chromatography (27). Our findings suggest that this 
methodological approach could be used to help purify 
the peroxidase from detergent extracts of sea urchin 
sperm. 

The sperm peroxidase is believed to have a func- 
tional role in the prevection of polyspermy, by using 
H202 released by fertilized eggs during the cortical 
reaction to reduce the fertility of sperm in the vicinity 
(10, 12). Tine addition of phenylhydrazine (10) and 
benzohydroxamic acid (28) to fertilization cultures 
promotes polyspermy. These observations, together 
with the results of the present study, are consistent with 
our hypothesis. The mechanism by which the sperm 
peroxidase uses H202 to reduce sperm fertility is 
unknown at present. This process might involve the 
production of strong oxidants such as hypochlorous 
acid, formation of cytotoxic oxygen radicals, synthesis 
of toxic lipid peroxides, and (or) the formation of 
bioregulato~y products (prostaglandins anc! leukotrienes) 
derived from the enzymatic oxidation of arachidonic 
acid (2, 8, 9, 29-32). Additional work is required to 
resolve this question. 

All aerobic cells produce H202 and oxygen radicals as 
by-products of aerobic respiration. These metabolites 
are potentially highly toxic substances, and aerobic cells 
have evolved elaborate defense mechanisms to protect 
themselves from the damaging effects of oxygen radi- 
cals (reviewed in Refs. 29 and 30). However, there are 
situations where cells deliberately produce H202 for 
specific physiological purposes. For example, phago- 
cytic cells s ~ c h  as leukocytes and macrophages in 
somatic tissues produce large amounts of H202 when 
they are stimulated by contact with invading micro- 
organisms or tumor cells (30). The released H202 is 
used by myeloperoxidase that also is secreted by the 
activated phagocyte to kill the invading target cells (30). 
In this context, peroxidases, H202, and oxygen radicals 
can be viewed as biological defense weapons. The 
fertilized sea urchin egg also produces H202 to per- 

form important physiological roles, this time in early 
development. One role is to promote hardening of 
the elevated fertilization envelope (5). This process 
depends, in part, upon the formation of dityrosine 
zross-liilks within the fertilization envelope, a reaction 
catalyzed by ovoperoxidase that is secreted by the egg's 
cortical granules (4, 5, 33-35). However, hardening of 
the fertilization envelope is not required for this invest- 
ment to act as a mechanical barrier to polyspermy !2), 
but may protect the early embryo from predation and 
other environmental hazards (4). It was suggested that 
H202 and ovoperoxidase released by sea urchin eggs 
during fertilization might contribute to the prevention of 
pclyspermy by killing sperm in a manner analogous to 
that used by phagocytes (secretion of myeloperoxidasc 
and release of H202) t3 kdl bacteria (30, 34). A peroxide- 
mediated block to polyspermy has been demonstrated in 
sea urchins (10, l l ) ,  but currently available evidence 
indicates that the peroxidase responsible for reducing 
sperm fertility is endogenous to the sperm (2, 10, 12, 
28). It is possible that a similar polyspermy preven- 
ting mechanism migh: operate in mammals. Hydrogen 
peroxide and oxygen radicals are known to be extremely 
toxic to mammalian sperm (31, 36-38). Fertilized 
mammalian eggs utilize secreted ovoperoxidase to 
mediate cross-linking reactions to harden the zona 
pellucida (39), an extracellular coat comparable to the 
sea urchin egg's fertilization envelope (4, 5). In view of 
these factors, it is tempting to speculate that the 
fertilized mammalian egg might release H202 to reduce 
sperm fertility and also to harden the zona pellucida. 
Such functional cooperation by the interacting gametes 
increases the probability of normal monospermic fertil- 
ization, a situation with obvious selective advantage 
within the context of evolution. 

Acknowledgements 
This work was supported by grants from the National 

Institutes of Health (HD-17087) and the National 
Science Foundation (DCB-86-01446) to H. S. We wish 

B
io

ch
em

. C
el

l B
io

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
19

2.
64

.1
1.

12
4 

on
 0

6/
06

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



SCHUEL AND SCHUEL 1337 

to thank Dr. J. Klingman for his comments and sugges- 
tions in the preparation of  this manuscript. 

1. Lillie, F. R. (1919) Problems ofFertilization, University 
of Chicago Press, Chicago 

2. Schuel, H. (1984) The prevention of polyspermic fertiliz- 
ation in sea urchins, Biol. Bull. (Woods Hole, Mass.) 167, 
27 1-309 

3. Schuel, H. (1978) Secretory functions of egg cortical 
granules in fertilization and development: a critical 
review, Gamete Res. 1 ,  299-382 

4. Schuel, H. (1985) Functions of egg cortical granules, in 
Biology of Fertilization (Metz, C. B. & Monroy, A., 
eds.), vol. 3, pp. 1-43, Academic Press, New York 

5. Kay, E. S. & Shapiro, B. M. (1985) The formation of the 
fertilization membrane of the sea urchin egg, in Biology of 
Fertilization (Metz, C. B. & Monroy, A, ,  eds.), vol. 3, 
pp. 45-80, Academic Press, New York 

6. Jaffe, L. A. (1976) Fast block to polyspermy in sea 
urchins is electrically mediated, Nature (London) 261, 
68-71 

7. Schuel, H. & Schuel, R. (1981) A rapid sodium- 
dependent block to polyspermy in sea urchins, Dev. Biol. 
87, 249-258 

8. Schuel, H., Traeger, E.,  Schuel, R. & Boldt, J. (1984) 
Anti-inflammatory drugs promote polyspermic fertiliza- 
tion in sea urchins, Gamete Res. 10, 9-19 

9. Schuel, H., Moss, R. & Schuel, R. (1985) Induction of 
polyspermic fertilization in sea urchins by the leukotriene 
antagonist FPL-55712 and the 5-lipoxygenase inhibitor 
BW755C, Gamete Res. 11,41-50 

10. Boldt, J . ,  Schuel, H., Schuel, R.,  Dandekar, P. V. & 
Troll, W. (1981) Reaction of sperm with egg-derived 
hydrogen peroxide helps prevent polyspermy during 
fertilization in the sea urchin, Gamete Res. 4,  365-377 

11. Coburn, M., Schuel, H. & Troll, W. (1981) A hydrogen 
peroxide block to polyspermy in the sea urchin Arabacia 
punctulata, Dev. Biol. 84, 235-238 

12. Boldt, J., Alliegro, M. C. & Schuel, H. (1984) A separate 
catalase and peroxidase in sea urchin sperm, Gamete Res. 
11.267-28 1 

13. ~ndre jew,  A., Gernez-Rieux, C. & Tacquet, A. (1959) 
Inhibition de la peroxydase par l'hydrazide de I'acide 
isonicotinique (INH) et destruction de I'INH par la 
peroxydase, Bull. Soc. Chim. Biol. 41, 1047-1053 

14. Hidaka, H., Udenfriend, S.,  Nagasaka, A. & DeGroot, 
L. J. (1970) Inhibition of thyroid iodide peroxidase in vivo 
and in vitro by iproniazid, Biochem. Biophys. Res. 
Commun. 40, 103-109 

15. Hidaka, H. & Udenfriend, S. (1970) Evidence for a 
hydrazine-reactive group at the active site of the nonheme 
portion of horseradish peroxidase, Arch. Biochem. Bio- 
phys. 140, 174-180 

16. Allison, W. S.,  Swain, L. C.,  Tracy, S. M. & Benitez, L. 
V. (1973) The inactivation of lactoperoxidase and the 
acylphosphatase activity of oxidized glyceraldehyde- 
3-phosphate dehydrogenase by phenylhydrazine and 
phenyldiirnide, Arch. Biochem. Biophys. 155, 400-404 

17. Schonbaum, G. R. (1973) New complexes of peroxidases 

with hydroxamic acid, hydrazides, and amides, J. Biol. 
Chem. 248,502-5 11 

18. Kimura, S. & Yamazaki, I. (1979) Comparisons between 
hog intestinal peroxidase and bovine lactoperoxidase- 
compound I formation and inhibition by benzhydroxamic 
acid, Arch. Biochem. Biophys. 198, 580-588 

19. Aviram, I. (1981) The interaction of benzhydroxamic 
acid with horseradish peroxidase and its fluorescent 
analogs, Arch. Biochem. Biophys. 212, 483-490 

20. Schuel, H. & Schuel, R. (1985) Competitive inhibition of 
sea urchin sperm peroxidase by phenylhydrazine and 
benzohydroxamic acid, J. Cell Biol. 101, 367a 

21. Resing, K., Green, J. D. & Walsh, K. A. (1985) A 
53,000-Da esterase in Strongylocenrrotus purpuratus 
semen is derived from phagocytic cells, not sperm, Dev. 
Biol. 107, 87-93 

22. Andrews, P. C. & Krinsky, N. I. (1981) The reductive 
cleavage of myeloperoxidase in half, producing enzyma- 
tically active hemi-myeloperoxidase, J. Biol. Chem. 
256,421 1-4218 

23. Andrews, P. C. & Krinsky, N. I. (1982) Quantitative 
determination of myeloperoxidase using tetramethylben- 
zidine as substrate, Anal. Bjochem. 127, 346-350 

24. Suzuki, K.,  Ota, H., Sasagawa, S.,  Sakatani, T. & 
Fujikura, T. (1983) Assay method for myeloperoxidase in 
human polymorphonuclear leukocytes, Anal. Biochem. 
132, 345-352 

25. Holland, V. R., Saunders, B. C . ,  Rose, F. L. & Walpole, 
A. L. (1974) A safer substitute for benzidine in the 
detection of blood, Tetrahedron 30, 3299-3302 

26. Segel, I. H. (1975) Enzyme Kinetics, Wiley, New York 
27. Reirnann, L. & Schonbaum, G. R. (1978) Purification of 

plant peroxidases by affinity chromatography, Methods 
Enrymol. 52, 514-521 

28. Schuel, H. & Schuel, R. (1986) Benzohydroxamic acid 
competitively inhibits sperm peroxidase and promotes 
polyspermic fertilization in sea urchins, Fed. Proc. Fed. 
Am. Soc. Exp. Biol. 45, 213 

29. Chance, B., Sies, H. & Boveris, A. (1979) Hydroperox- 
ide metabolism in mammalian organs, Physiol. Rev. 59, 
527-605 

30. Klebanoff, S. J. (1980) Oxygen metabolism and the toxic 
properties of phagocytes, Ann. Intern. Med. 93,480-489 

31. Alvarez, J .  G. & Storey, B. T. (1983) The role of 
superoxide dismutase in protecting rabbit spermatozoa 
from 0 2  toxicity due to lipid peroxidation, Biol. Reprod. 
28, 1129-1136 

32. Frenkel, K., Blum, F. & Troll, W. (1986) Copper ions 
and hydrogen peroxide form hypochlorite from NaCl, 
thereby mimicking myeloperoxidase, J. Cell. Biochem. 
30, 181-193 

33. Foerder, C. A. & Shapiro, B. M. (1977) Release of 
ovoperoxidase from sea urchin eggs hardens the fertiliza- 
tion membrane with tyrosine cross-links, Proc. Natl. 
Acad. Sci, U.S.A. 74, 4214-4218 

34. Foerder, C. A., Klebanoff, S. J. & Shapiro, B. M. (1978) 
Hydrogen peroxide production, chemiluminescence, and 
the respiratory burst of fertilization: interreleated events 
in early sea urchin development, Proc. Natl. Acad. Sci. 
U.S.A. 75, 3183-3187 

B
io

ch
em

. C
el

l B
io

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
19

2.
64

.1
1.

12
4 

on
 0

6/
06

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



1338 BIOCHEM. CELL BIOL. VOL. 64, 1986 

35. Deits, T., Farrance, M., Kay, E. S., Medill, L.. Turner, 38. Alvarez, J. G. & Storey, B. T. (1984) Lipid peroxidation 
E. E., Weidman, P. J. & Shapiro, B. M. (1984) and the reactions of superoxide and hydrogen peroxide in 
Purification and properties of ovoperoxidase, the enzyme mouse spermatozoa, Biol. Reprod. 30, 833-841 
responsible for hardening the fertilization membrane of 39. Schmell, E. & Gulyas, B. J. (1980) Ovoperoxidase 
the sea urchin egg, J. Biol. Chem. 259, 13 525 - 13 533 activity in ionophore treated mouse eggs, 11. Evidence for 

36. Wales, R. G., White, I. G. & Lamond, D. R. (1959) The the enzyme's role in hardening the zona pellucida, 
spermicidal activity of hydrogen peroxide in vitro and in Gamete Res. 3,279-280 
vivo, J. Endocrinol. 18, 236-244 

37. Jones, R. & Mann, T. (1973) Lipid peroxidation in 
spermatozoa, Proc. R .  Soc. London B: 184, 103-107 

B
io

ch
em

. C
el

l B
io

l. 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
19

2.
64

.1
1.

12
4 

on
 0

6/
06

/1
3

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 

View publication statsView publication stats

https://www.researchgate.net/publication/19594886



