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Zona Pellucida Dissolution 

Enzymes of the Rabbit Sperm Head 

Abstract. Enzymes which dissolve the 
zona pellucida have been extracted from 
the rabbit sperm head and characterized 
as having the enzymic properties of 
hyaluronidase and trypsin. Their com- 
bined actions produce a rapid and com- 

plete dissolution of the zona pellucida, 
but the vitellus and its membrane are 

unaffected by prolonged exposure to 
this enzyme complex. Inhibition of the 
proteolytic component with lima bean 
or soybean inhibitors of trypsin pre- 
vents dissolution of the zona pellucida 
by the extract. 

Penetration of the zona pellucida of 
the ovum by a spermatozoon was ob- 
served as early as 1875 (1), but the 
mechanism of the process has remained 
obscure. The zona pellucida, a thick, 
transparent membrane, is best devel- 
oped in the ova of placental mammals, 
but is also recognizable in those of 
marsupials, monotremes, and even of 
reptiles. The matrix of the zona pel- 
lucida appears essentially homogeneous, 
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the zona pellucida lies in close apposi- 
tion to the vitellus, but it becomes 
separated by the fluid extruded from 
the vitellus when the first polar body 
is emitted. At the time of ovulation the 
zona pellucida is surrounded by the 
cumulus oophorus and corona radiata, 
but both of these cell masses are rapid- 
ly loosened and dispersed after ovula- 
tion (2). Thus, the principal barrier to 
fusion of a sperm with an ovum is the 
zona pellucida. Recently Srivastava et 
al. (3) have obtained occasional dis- 
solution of the zona pellucida with 
extracts of rabbit sperm acrosomes. Ob- 
viously, the process of zona penetration 
is enzymic in nature, but no enzymes 
for zona dissolution have been charac- 
terized or identified in extracts of 
sperm. 

We have examined extracts of washed 
rabbit epididymal spermatozoa dis- 
rupted by sonic oscillation for hyalu- 
ronidase and proteolytic activity, which 
might hydrolyze this mucoprotein layer. 
These extracts displayed high hyalu- 
ronidase activity against bovine vitreous 
humor hyaluronic acid, and high pro- 
teolytic activity with denatured bovine 
hemoglobin. The synthetic substrates 
p-toluenesulfonyl-L-arginine methyl es- 
ter (TAME) and benzoyl arginine ethyl 
ester (BAEE) were also hydrolyzed by 
the extracts. Elastin, L-leucinamide, and 
hippuryl-L-phenylalanine were not hy- 
drolyzed. 

Since the spermatozoon penetrates 
obliquely and head first through the 
zona pellucida, the enzymes for zona 
dissolution must be localized in the head 
of the spermatozoon, and probably with- 
in the acrosomal cap. Using a new pro- 
cedure of sucrose density-gradient cen- 
trifugation (4) we have isolated from 
the disrupted rabbit epididymal sperm 
a homogeneous head fraction which 
contains most of the hyaluronidase and 
proteolytic activity. Prolonged sonic dis- 
ruption of this purified head fraction 
results in solubilization of the hyalu- 
ronidase and proteolytic activities, 
which sediment as a single molecule 
with a molecular weight of 59,000, as 
determined by the procedure of Martin 
and Ames (5). This procedure does not 
visibly damage the dense nucleus of 
the sperm, but most of the fragile acro- 
somes are disrupted and dislodged by 
the sonic oscillation. It would appear, 
therefore, that this enzymic particle is 
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Fig. 1. (A) Effect of pH on BAEE hy- 
drolysis by sperm head extract (0) and 
by crystalline bovine trypsin (A). (B) In- 
hibition of BAEE hydrolysis with soybean 
trypsin inhibitor of sperm head extract 
(0), crystalline bovine trypsin (A), and 
crystalline papain (L-). (C) Inhibition of 
BAEE hydrolysis with lima bean trypsin 
inhibitor of sperm head extract (0), crys- 
talline bovine trypsin (A), and crystalline 
papain (D). 
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the extract was 8.2 with BAEE as sub- 
strate, identical to the pH optimum for 
crystalline bovine trypsin (Fig. 1A). 

Among the proteolytic enzymes 
found in nature, trypsin is unique in 
that it is sensitive to a number of 
naturally occurring inhibitors. Accord- 
ingly, the sperm head extract was 
tested for sensitivity to two of these 
inhibitors and compared with crystal- 
line bovine trypsin and crystalline pa- 
paya papain, a plant enzyme also active 
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Fig. 2. Dissolution of the zona pellucida 
by sperm head extract at 37.5?C; (A) 0 
time; (B) 20 minutes; (C) 40 minutes; 
(D) 60 minutes; (E) 90 minutes. 
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Fig. 2. Dissolution of the zona pellucida 
by sperm head extract at 37.5?C; (A) 0 
time; (B) 20 minutes; (C) 40 minutes; 
(D) 60 minutes; (E) 90 minutes. 
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on this substrate. Soybean trypsin 
inhibitor (10 j/g/ml) depressed the en- 
zymic activity of both trypsin and 
sperm head extract to 10 to 20 percent 
of the maximum rate when no inhibitor 
was present (Fig. 1B). Papain was in- 
hibited only slightly by this concentra- 
tion of inhibitor. Lima bean trpsin inhib- 
itor (Fig. 1C) (50 j/g/ml) also depressed 
the activity of both trypsin and sperm 
extract to 10 percent of the maximum 
rate. However, the activity of crystalline 
papain was increased in the presence 
of lima bean trypsin inhibitor. 

The dissolution of the zona pellucida 
by the extract concentrated by lyophili- 
zation is shown in Fig. 2. Complete dis- 
solution of the zona occurred within 1.5 
hours at 37.5 ?C, but the vitellus was 
not visibly affected by a 25-hour incu- 
bation in the concentrated extract. 
Addition of soybean trypsin inhibitor 
(300 /xg/ml) or lima bean trypsin in- 
hibitor (300 ,/g/ml) to this extract 
completely inhibited dissolution. Thus, 
the trypsin component of this extract is 
the more important enzyme in the disso- 
lution process. This is supported by the 
fact that crystalline hyaluronidase (375 
unit/ml) causes no visible dissolution 
of the zona pellucida even after a 24- 
hour incubation at 37.5?C, but crystal- 
line trypsin (5500 unit/ml) completely 
dissolves the zona in 10 minutes at this 
temperature. 

These data indicate that penetration 
of the zona pellucida by the spermato- 
zoon is an enzymic process involving 
mainly an acrosomal enzyme similar to 
trypsin. The hyaluronidase might sup- 
plement this dissolution process, or its 
physiologic function may be to thin the 
cervical mucus or disperse the hyalu- 
ronic acid matrix of the cumulus 
oophorus of undenuded ova. 

RICHARD STAMBAUGH 
JEAN BUCKLEY 

Division of Reproductive Biology, 
University of Pennsylvania School 
of Medicine, Philadelphia 19104 
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Bioluminescence: pH Activity 
Profiles of Related Luciferase 
Fractions 

Abstract. The 27,000g supernatant 
from crude extracts of the dinoflagel- 
late Gonyaulax can be fractionated 
into two components having luciferase 
activity that differ both in molecular 
weight (35,000 and 150,000) and in pH 
activity profile. The smaller component 
has activity over a broad range from 
pH 5 to 9, while the larger one is active 
only in the acid region. This clarifies 
the previous ambiguity in the literature 
regarding the optimum pH for the assay 
of lucif erase. 

Gonyaulax polyedra is one of the 
bioluminescent marine dinoflagellates. 
These are unicellular algae in which 
light em;ssion commonly occurs as a 
brief (0.2-second) bright (108- to 1010- 
photon) flash of light evoked by 
mechanical stimulation (1). Biochemi- 
cal studies with Gonyaulax have shown 
that bioluminescence may be obtained 
in vitro from two distinctly different 
systems-one being soluble (2) and 
the other particulate (3). 

The particulate system involves a 
large particle (molecular weight, 
> 109), termed the scintillon, which 
has the potential for bioluminescence 
when isolated and kept at pH 8.2. Ac- 
tivity occurs specifically when the pH 
is lowered to about 5.7, as a brief 
flash with a duration of about 0.2 
second. The only additional factor re- 
quired is oxygen. 

The soluble system was first charac- 
terized (2) as the supernatant from a 
cell homogenate that had been centri- 
fuged at 36,000g for 10 minutes. The 
activity was shown to involve a dialyza- 
ble, heat-stable component (Gonyaulax 
luciferin), a heat-labile protein (Gony- 
aulax luciferase), oxygen, and a high 
concentration of salt. The luminescence 
in this system is relatively long-lived, 
having a half-life of about 10 minutes 
at concentrations normally used in par- 
tially purified preparations (4, 5). 

Using Sephadex gel filtration, we 
have now resolved the luciferase of 
the soluble system into two components 
that have molecular weights of ap- 
proximately 150,000 and 35,000. The 
component with the higher molecular 
weight has a narrow pH activity profile 
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