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Fine, and sparse fragments of  collagen type IV were re- 
vealed in the region of  the fetal capil lary BM, which 
accords well with the da ta  obta ined in the later gestat ion 
period,  as compared  with the t rophoblas t ic  BM 13. Un-  
like other  investigators 4, 5, we detected typical  BM com- 
ponents (collagen type IV, heparan  sulphate proteogly-  
can and traces of  laminin) in the villous s t roma of  the 
first-trimester gestation. Amenta  et al. examined term 
placenta  to assess the specific staining of  collagen type IV 
and found traces of  laminin in the villous s t roma as 
rudimentary  remnants  of  t rophoblas t ic  BM, that  ap- 
peared as a result of  cont inuous development  o f  the or- 
gan 6. However,  the presence of  components  that  were 
not  specific to the basement  membrane  may  account  for 
a well-developed network of  reticular ( 'argyrophi l ic ' )  
fibers in the villous s t roma 14. Besides intersti t ial  types o f  
collagen and fibronectin,  ret icular fibers of  human  lymph 
nodes have also been recorded as containing basic BM 
components  15. Moreover ,  basement  membrane  macro-  
molecules have been detected in human endometr ia l  stro- 
ma  during the menstrual  cycle and early pregnancy 16. 
This is consistent with the observat ion of  Dal lenbach-  
Hellweg who showed that  ret icular fibers are visible in 
the s t roma from the middle of  the proliferative phase and 
become more  densely distr ibuted towards  ovulat ion 17. It  
is interesting that  collagen type IV, collagen of  intersti t ial  
type and f ibronectin par t ic ipated in the format ion  of  
fibrosis vi l lorum 10 
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Abstract. Proteolyt ic  activities in extracts o f  sea urchin eggs were examined using SDS (sodium dodecyl  sulphate)- 
polyacrylamide  gels. In  the unfertilized eggs, proteases were detected as bands corresponding to the molecular  weights 
o f  40 kD and 26 k D  on the gelatin gel, and 35 k D  and 30 k D  on the casein gel. Using various pro tease  inhibitors,  
it was found that  40 kD,  30 kD, and 26 k D  are chymotrypsin- l ike proteases and that  35 kD is a trypsin-like protease.  
The activity of  the 40 kD chymotrypsin- l ike protease was found to be almost  completely lost after insemination.  
Key words. Sea urchin egg; protease;  t rypsin;  chymotrypsin;  fertilization. 

I t  has been suggested that  proteolyt ic  enzymes p lay  im- 
por tan t  roles in various aspects o f  animal  development.  
Experiments  with protease inhibitors indicated that  some 
protease activities are involved in the process of  meiotic 

m a t u r a t i o n  in starfish and mouse oocytes 1, 2. However,  
these proteases have not  been extracted f rom fresh mate-  
rial. On the other  hand,  in sea urchin, the functions o f  egg 
proteases during fertilization, and their biochemical  na- 

ture, have been well investigated. I t  was demonst ra ted  
that  a trypsin-like protease in unfertilized sea urchin eggs 
contr ibuted to the block o f  polyspermy caused by the 
elevation o f  the ferti l ization envelope and detachment  of  
sperm from the egg surface 3-  5. The enzyme was purified 
and characterized 6, 7. Its activity was repor ted  to be lo- 
calized in cortical  granules of  unferti l ized eggs, and re- 
leased into the surrounding seawater by exocytosis soon 
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after fertilization 3, 8. However, other types of proteases 
have been little investigated in sea urchin eggs. 
Heussen and Dowdle 9 have detected protease activities 
on a polyacrylamide gel copolymerized with protein sub- 
strate using an electrophoretic system. The method is 
suitable for classifying proteases, because the activities 
can be rapidly separated on the gel. 
In the study reported here, this method was used to 
investigate the protease activities associated with unfer- 
tilized sea urchin eggs. Chymotrypsin-like and trypsin- 
like protease activities were found. 

Materials and methods 
Handling of gametes and fertilized eggs. Gametes of the 
sea urchin Hemicentrotus pulcherrimus were collected by 
intracoelomic injection of 0.5 M KC1. Eggs were washed 
with filtered seawater (FSW) and insemination was car- 
ried out at 15 ~ Fertilized eggs were washed with ice- 
cold FSW one minute after insemination. The fertiliza- 
tion envelope was removed by adding 10 volumes of 
ice-cold Ca 2 § Mg 2 § artificial seawater (530 mM 
NaCI, 10 mM KC1, 2 mM NaHCO3, pH 8.2 adjusted 
with 1 M Na2CO3) to the fertilized egg suspension and 
shaking vigorously, a few minutes after insemination. 
Extraction ofprotease activities. All the following proce- 
dures were carried out at 4 ~ Sea urchin eggs were 
washed with ice-cold FSW several times and pelleted by 
centrifugation at 1300 g for 5 min. Three volumes of ice- 
cold 20 mM Tris-HC1 buffer (pH 8.0) were added to the 
pellet. The suspension was homogenized with a teflon 
pestle homogenizer in an ice-bath and centrifuged at 
22000 g for 30 min. The supernatant was used for the 
investigation of protease activities. 
Determination of protease activities. Protease activity was 
detected by the protein gel method 9 with a slight modifi- 
cation using SDS polyacrylamide gel electrophoresis 10. 
Separating gels (10% acrylamide) contained 0.1% 
protein (gelatin or casein). The samples were prepared by 
mixing the egg extracts, which were diluted with 20 mM 
Tris-HC1 (pH 8.0), with an equal volume of 2 x SDS 
sample buffer containing no reducing agent. Elec- 
trophoresis was performed at a constant current of 
15 mA at 4 ~ The gels were washed three times with 
2% Triton X-100 for 30 min, and three times in 20 mM 
Tris-HC1 (pH 8.0) for 5 rain, at room temperature. The 
gels were then incubated in 20 mM Tris-HC1 (pH 8.0) at 
20 ~ for 15 h, with or without protease inhibitors. The 
gels were fixed and stained for 1 h at room temperature 
using 0.25 % Coomassie brilliant blue R-259 (CBB) in 
acetic acid : methanol : water (1:3:6), and destained with 
acetic acid : methanol : water (1:3:6). Where protease 
activity was present, bands could not be stained with 
CBB. 
Chemicals. Molecular weight markers (fl-galactosidase, 
phosphorylase B, bovine plasma albumin, egg albumin 
and carbonic anhydrase) were from Sigma Chemical Co., 
USA. Diisopropyl fluorophosphate (DFP) was from 

Sumitomo Kagaku Kogyo Co., Japan. Leupeptin and 
chymostatin were gifts from the Institute of Microbial 
Chemistry, Japan. Iodoacetamide and gelatin were from 
Wako Chem. Co., Japan. Casein was from E Merck, 
Darmstadt, Germany. 

Results 
(1) Protease activities on polyacrylamide gels copolymer- 
ized with protein substrates. The extracts from unfertil- 
ized sea urchin eggs were separated by electrophoresis on 
polyacrylamide gels copolymerized with gelatin or ca- 
sein, in the presence of SDS. After SDS had been re- 
moved from the gels, the gels were incubated in Tris-HC1 
so that enzyme activity could take place. Bands of 
protease activity could be detected as areas which failed 
to stain with CBB. 
As shown in figure 1, there were two major protease 
activities on both the gelatin and the casein gel. The 
molecular weights of the proteases were determined to be 
40 kD and 26 kD on the gelatin gel (fig. 1 a), and 35 kD 
and 30 kD on the casein gel (fig. 1 b), by comparison with 
marker proteins. The proteases with molecular weight 
40 kD and 26 kD are referred to as proteases A and B, 
respectively, and those of 35 kD and 30 kD as C and D, 
respectively. 
(2) Sensitivity of protease activities to protease inhibitors. 
To investigate the sensitivity of the proteases to in- 
hibitors, various protease inhibitors were added to the 
buffer in which the gels were incubated for the enzyme 
reaction. 
As shown in figure 2 a, the activities of both protease A 
and protease B were inhibited by 1 mM DFP and 
200 laM chymostatin, but not at all by 200 ~tM leupeptin 

Figure 1. Protease activities in unfertilized eggs. Protease activities de- 
tected by SDS-PAGE on a gelatin gel (a) or a casein gel (b) as described 
in materials and methods. Extracted samples were diluted with 20 mM 
Tris-HC1 at pH 8.0 (lane 1, 1/2; lane 2, 1/4; lane 3, I/s) and the diluted 
extracts were mixed with an equal volume of 2 x SDS sample buffer 
containing no reducing agent. The positions of marker proteins (116 kD, 
fl-galactosidase; 97 kD, phosphorylase B; 66 kD, bovine plasma albu- 
min; 45 kD, egg albumin; 29 kD, carbonic anhydrase) are shown on the 
left side of the gels. A, B, C and D on the right side of the gels: positions 
of protease activities. 
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Figure 2. The effects of inhibitors on protease activities in unfertilized 
eggs. Extracted samples from unfertilized eggs were diluted with 20 mM 
Tris-HC1 at pH 8.0 and electrophoresed on a gelatin gel (a) or a casein gel 
(b). The gels were incubated at 20 ~ for 15 h in 20 mM Tris-HC1 (pH 8.0) 
containing no inhibitor (lane 1), I mM DFP (lane 2), 200 gM leupeptin 
(lane 3), 200 gM chymostatin (lane 4) and 1 mM iodoacetamide (lane 5). 
Then, protease activities were detected as described in 'Materials and 
methods'. 

Figure 3. Comparison ofprotease activities before and after fertilization. 
Protease activities of the extracts from unfertilized eggs and fertilized eggs 
were detected on the gelatin gels as described in materials and methods. 
The proteolytie patterns of unfertilized eggs (a-lane I) and fertilized eggs 
(a-lane 2) which had the fertilization envelope were obtained from one 
batch, and those of unfertilized eggs (b-lane 1) and fertilized eggs (b- 
lane 2) from which the fertilization envelope had been removed were 
obtained from another batch. 

or 1 mM iodoacetamide. As shown in figure 2 b, the ac- 
tivity of  protease C was almost completely inhibited by 
1 m M  D F P  and 200 gM leupeptin, but not by 200 gM 
chymostatin or 1 m M  iodoacetamide. The activity of  
protease D was inhibited by 1 mM D F P  and 200 gM 
chymostatin, but not by 200 gM leupeptin or 1 mM 
iodoacetamide (fig. 2 b). The DFP  and chymostatin were 
dissolved in isopropanol and DMSO respectively. It 
was confirmed that protease activities were not affected 
by isopropanol or DMSO alone at a concentration of  
1% (v/v) in the buffer solution used for the enzyme 
reaction. 

(3) Protease activities in unfertilized and fertilized eggs. 
Protease activities in unfertilized eggs were compared 
with those in fertilized eggs on the gel copolymerized 
with gelatin. In this experiment, fertilized eggs were 
washed with ice-cold FSW one minute after insemina- 
tion. With fertilized eggs from which the fertilization 
envelope was removed, it took about  10 rain after insem- 
ination to suspend the eggs in the ice-cold extraction 
buffer. 
The activity o f  protease B was not altered through the 
process of  fertilization (fig. 3). However, the activity of  
protease A was found to be almost completely absent in 
fertilized eggs containing the fertilization envelope 
(fig. 3 a). In fertilized eggs from which the fertilization 
envelope had been removed, it was also observed that 
only the activity of  protease A disappeared (fig. 3 b). The 
result shown in figure 3 a was from one batch and that in 
figure 3 b from another. 

Discussion 
DFP forms a covalent bond with a serine residue of  an 
active site in serine enzymes, and blocks their activity. 
The activities of  all proteases found in the present exper- 
iment (A, B, C, and D) were inhibited by DFP.  Therefore 
they were all serine proteases. Leupeptin, which is a 
derivative of  argininal, is a competitive inhibitor of  tryp- 
tic proteases, which hydrolyze peptides on the carboxyl 
side of  basic amino acids such as arginine 11. Therefore 
protease C, whose activity was inhibited by leupeptin, 
was a trypsin-type protease. Chymostatin, which is a 
derivative of  phenylalaninal, is a competitive inhibitor of  
chymotryptic proteases which hydrolyze peptides on the 
carboxyl side o f  aromatic amino acids such as phenylala- 
nine 12. Therefore, proteases A, B, and D, whose activi- 
ties were inhibited by chymostatin, were chymotrypsin- 
type proteases. 

The chymotrypsin-type proteases A and B were detected 
on the gel copolymerized with gelatin. The molecular 
weight of  A (40 kD) was higher than that of  B (26 kD); 
however, protease B does not  seem to be a fraction of  
protease A resulting from degradation, because the activ- 
ity of  A was lost in fertilized eggs but that o f  B remained 
after fertilization. It is difficult to decide whether 
protease B is the same as the other chymotrypsin-type 
protease, D, because they were detected on different 
protein gels. Of  the three chymotrypsin-type proteases, A 
and B degraded gelatin, and D digested casein well. This 
appears to be the result of  differences between the chy- 
motrypsin-like proteases with respect to strict substrate 
specificity. It was to be expected that protease C (trypsin- 
type) was not detected on the gel copolymerized with 
gelatin, which contains few basic amino acids. It can be 
concluded that sea urchin eggs have a trypsin-like 
protease and at least two chymotrypsin-like proteases. 
In sea urchin eggs, a 35-kD trypsin-like protease was 
reported to play an important  role in the polyspermy 
block: this protease was set free from the cortical gran- 
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ules soon after fertilization 3'4, 7,s. Judging from the 
molecular weight, the 35 kD trypsin-like protease found 
in the present study could correspond with the enzyme 
purified by Alliegro and Schuel 7. 
The activity of the 40 kD chymotrypsin-like protease was 
almost completely lost when the eggs were fertilized. The 
fate of this protease after insemination is unclear. Its 
disappearance might result from: (1) release from the egg 
to the surrounding seawater (2) transfer to a different 
compartment within the egg (3) autodigestion or diges- 
tion by other proteases. Studies on the rote which this 
protease may play in sea urchin fertilization are now in 
progress. 
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Pre- and post-natal ontogeny of neutral endopeptidase 24-11 ('enkephalinase') studied by in vitro autoradio- 
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Abstract. Neutral endopeptidase (NEP, enkephalinase, CALLA) which is present in various neural and non-neural 
tissues, is able to cleave a variety of regulatory peptides. The distribution of NEP has been studied during rat pre- 
and post-natal development by autoradiography after in vitro binding of the tritiated inhibitor [3H]HACBO-GIy to 
whole-body and organ sections. In the central nervous system (CNS), where the presence of NEP has been related 
to the termination of the action of enkephalins, the external layer of  the olfactory bulbs is the only structure 
prominently labeled before birth. Other CNS structures rich in NEP in the adult, such as the nigrostriatal tract, are 
progressively labeled after birth. Outside the CNS, the progressive appearance of NEP in the kidney, the lungs and 
the salivary glands suggests its concomitant involvement in adult physiological functions, including fluid balance 
control, possibly by cleaving the atrial natriuretic peptide (ANP) and other peptides. On the other hand, transient 
or enhanced expression of NEP is observed during the development of several organs such as the sensory organs, the 
heart and the major blood vessels, the intestine, the bones and the genital tubercle. In addition to the still incompletely 
known physiological functions of the enzyme, the developmental pattern of its expression in several tissues strongly 
suggests a modulatory role for NEP in the ontogeny of a large number of organs. 
Key words. Neutral endopeptidase (NEP); enkephalinase; CALLA; NEP inhibitor; [3H]HACBO-Gly; autoradiogra- 
phy; atrial natriuretic peptide. 

Neutral endopeptidase 24.11 (NEP, enkephalinase) is 
a membrane-bound zinc metallo-endopeptidase of 749 
amino acids. This ectoenzyme was first isolated and puri- 
fied from kidney brush border, and was then found in the 
brain, where it inactivates enkephalins. NEP has recently 
been shown to be identical to the common acute 
lymphoid leukemia antigen CALLA 1. 
NEP cleaves the bond at the amino-side of a hydropho- 
bic amino acid and its preferred substrates are small 
peptides such as the enkephalins, substance P and neu- 

rotensin 2. Several other peptides of biological interest 
have also recently been shown to be cleaved by NEP: 
these include atrial natriuretic peptide 3, somatostatin 4, 
endothelins s, and even small proteins such as interleukin 
IL-~I 6. 
The diversity of potential substrates for NEP, and its 
wide distribution in neural and non-neural tissues 7-9, 
suggest that it has several physiological functions. These 
can be investigated using inhibitors I' lo such as thior- 
phan 11 and its prodrug acetorphan, which have been 


