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SUMMARY 

Chymotrypsin-like enzyme activity increases transiently in the 
uterine lumen of ovariectomized mice upon administration of progesterone 
and estrogen (1). This is one of the few known macromolecular changes 
associated with conditions which result in activation of delayed implanta- 
tion blastocysts in utero. In vitro a-chytrotrypsin (100 ug;ml) was 
found to shorten tEtimereozr=i these embryos to attach to the 
glass culture dish and then form outgrowths in fetal calf serum-supple- 
mented med i urn. Higher concentrations of the enzyme (250 us/ml) prevented 
embryo attachment probably by digesting the fetuin present in fetal calf 
serum. Nevertheless, 250 ug/ml a-chymotrypsin could apparently replace 
fetal calf serum as a stimulator of development during the first 24 hours 
of culture. In contrast, bovine serum albumin (3.0 mg/ml) seemed to slow 
development of blastocysts in vitro. It i.s suggested that chymotrypsin- 
like enzyme activitv mav stimulatedevelopment of delayed implantation 
blastocysts in utero (a) indirectly by removing inhibitory proteins such 
as albumin ax(b directly affecting these embryos in a manner yet to 
be determined. 

INTRODUCTION 

Delayed implantation blastocysts undergo activation and peri-implanta- 

tion developmental changes when cultured in Dulbecco’s modified EagIe 

medium (MEM) containing fetal calf serum (FCS) (2). Similarly, these 

embryos implant in the uterus of ovariectomized mice more than 24 hours 

after administration of estrogenand progesterone (2). The latter hormone 

treatment changes the nature of uterine macromolecules during the pre- 

implantation period of activation (3,4) although most of these macro- 

molecules have not been identified. Thus, it is difficult to theorize 

about the similarities and differences in the mechanism of activation and 

implantation of delayed implantation blastocysts in utero vs in vitro. -- -- 
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Hoversland and Weitlauf (1) have reported that a chymotrypsin-like 

enzyme in uterine flush’ings from ovariectomized mice is transiently 

elevated to a peak activity 18 hours after administration of estrogen 

and progesterone. Moreover, some proteases stimulate the growth of 

cells in culture (5,6,7). Furthermore, epidermal growth factor has 

been shown to have proteolytic activity (8). For these reasons we 

examined the effect of a-chymotrypsin on peri-implantation development 

of delayed implantation mouse blastocysts in vitro. -- 

MATERIALS AND METHODS 

Delayed implantation mouse blastocysts were flushed from the uteri 
of mated, ovariectomized mice with Dulbecco’s modified Eagle medium 
(MEM; GIBCO) on days 9 through 13 post coitus (p.c.). The mice had been 
induced to ovulate and mate by administering gonadotropins (9). The day 
of copulatory plug detection was designated day one of pregnancy. Ovari- 
ectomies were performed before noon on day 4 p.c. Embryos were washed 
twice in MEM, placed in the concavity of a Maximov slide containing 1.6 
ml of one of the media described below, and cultured in a humidified 5% 
CO 
Fa con P 

:9.5% air environment at 37OC. The Maximov slide was placed in a 
plastic petri dish containing deionized water during all incuba- 

tions to help maintain 100% humidity and avoid temperature fluctuations 
while the cultures were being examined at room temperature with a dissect- 
ing microscope. 

Blastocysts were incubated for several days in MEM plus 10% fetal 
calf serum (FCS; GIBCO) or this medium plus 100 or 250 ug/ml of a-chymo- 
trypsin (Sigma Type I-S or Type I I). After two or three days of incuba- 
tion, trypsin inhibitor (TI) from turkey egg white (5.0 mg/ml where 1.0 
mg of TI can inhibit 0.66 mg of a-chymotrypsin; Sigma), fetuin (2.0 mg/ml; 
Calbiochem), bovine serum albumin (3.0 mg/ml; crystal 1 ized and lyoph i 1 ized; 
Sigma), glycoprotein (2.0 mg/ml; bovine, Fraction VI; Sigma) and/or mucin 
(2.0 mg/ml; Type I, from bovine submaxillary gland; Sigma) were added to 
some cultures which contained 250 pg/ml a-chymotrypsin. In other experi- 
ments, embryos were incubated for the first 22-26 hours in (a) MEM; (b) 
MEM plus a-chymotrypsin (250 pg/ml), BSA (3.0 mg/ml) or fetuin (2.0 mg/ml); 
(c) MEM plus 10% FCS or (d) MEM plus 10% FCS and a-chymotrypsin (250 ug/ml), 
Table II. Following the 22-26 hour incubation, embryos were washed in and 
then transferred to MEM plus IO% FCS and observed for the onset of attach- 
ment and the format ion of outgrowths. The concentrations of BSA (3.0 mg/ml) 
and fetuin (2.0 mg/ml) were chosen to reflect the concentrations of these 
macromolecules in 10% serum (10) and IO% FCS (11) respectively. The numbers 
of embryos which had formed outgrowths following various treatments were 
compared statistically employing two-by-two contingency tables (12). Attached 
and unattached blastocysts were grouped together for the statistical analysis. 

RESULTS 

Chymotrypsin (100 us/ml) shortened the time required for delayed 

implantation blastocysts to begin forming outgrowths in vitro (~~0.01) -- 
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TABLE I 

Effect of a-chymotrypsin on attachment and the formation of outgrowths 
by delayed implantation blastocysts 49 hours after the onset of in vitro -- 

culture. 1 

Concentration of 
c-chymotrypsin in 
HEM + 10% FCS 

Number of Embryos Which Have 

Formed 
Attached 

Rema i ned 
Outgrowths Unattached 

I I I 

none a 14 11 0 

100 ug/mlb 24 2 0 

250 pg/ml’ 0 0 26 

1 
In a given experiment some embryos were incubated under all three culture 
conditions. Presented are results from three pooled experiments since 
independent experiments gave similar results. Groups with different 
superscripts had significantly different fractions of embryos which 
formed outgrowths (p ~0.01). 

but higher concentrations of this enzyme (250 pg/ml) completely pre- 

vented attachment of these embryos to the culture dish, Table 1. When 

embryos were incubated with 250 pg/ml a-chymotrypsin, addition of 0.18 ml 

of fresh FCS after two or three days of culture resulted in attachment of 

most embryos within four hours. If no additions were made, the embryos 

remained unattached. It has been suggested that fetuin, a glycoprotein 

found in FCS, is required for mouse blastocyst attachment in vitro (13). -- 

In support of this suggestion, added fetuin also induced attachment within 

4 hours but the embryos were again unattached after 24 hours. Attachment 

may have been permanent when FCS but not fetuin was added because FCS 

contains protease inhibitors. Addition of more FCS may have been sufficient 

to prevent fetuin digestion just as a lower level of added a-chymotrypsin 

may have been insufficient to overcome protease inhibitors in the medium, 

Table I. Addition of fetuin plus trypsin inhibitor (Tl) induced permanent 

attachment of embryos probably because the proteolytic activity of o-chymo- 

trypsin was inhibited. Fetuin seems to have some specificity in facilita- 

ting attachment since added BSA, glycoprotein or mucin, with or without TI, 

did not induce attachment. 
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Embryos prevented from attaching by a high a-chymotrypsin concentra- 

tion appeared collapsed after three days and tended to clump together after 

3-5 days. Nevertheless , these embryos attached and formed outgrowths upon 

transfer to fresh medium containing 10% FCS. 

A high concentration of a-chymotrypsin (250 ug/ml), as the only macro- 

molecule in the medium during the first day of culture, reduced the time 

required before delayed implantation blastocysts began forming outgrowths 

in vitro (p <O.Ol), Table I I. -- The enzyme apparently stimulated develop- 

ment to the same extent as 10% FCS during the first 24 hours of culture, 

Table II. BSA, but not fetuin, slowed pre-attachment development (p <O.Ol), 

Table il. 

DISCUSSION 

The present results suggest that the transient rise in chymotrypsin- 

like enzyme activity in the uterine lumen of ovariectomized mice after 

administration of progesterone and estrogen (1) could hasten pre-implant- 

ation development of delayed implantation blastocysts (a) indirectly by 

removing inhibitory proteins, such as albumin, and (b) directly by affect- 

ing blastocysts in a yet to be determined manner, Figure 1. Psychoyos (14) 

suggested that the “estrogen surge”, which occurs in rats near the time of 

nidation, causes transudation of serum proteins, including albumin, into 

uterine tissue. Furthermore, protein with an electrophoretic mobility 

the same as albumin has been detected in mouse uterine flushings (3). It 

has also been reported that a brief pre-attachment exposure of normal blasto- 

cysts to pronase (two minutes) and trypsin (30 minutes) enhances development 

of these embryos after they form outgrowths in vitro (15). -- 

Fetuin, which facilitates attachment in vitro, is apparently a-chymo- 

trypsin-labile. If similar protein molecules are required for attachment 

in utero, then the rise in uterine chymotrypsin-like enzyme activity follow- 

ing progesterone and estrogen administration may need to be transient. In 

this regard, uterine chymotrypsin-like enzyme also increases after admin- 
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FIGURE I: Possible correlation between factors (a) which 
activation of delayed implantation blastocysts in vitro and (b -- 
which may affect activation in utero. -- 

f 
affect 

those 

istration of estrogen to ovariectomized mice, but the activity remains 

elevated (1). The fact that the enzyme activity remains high may help 

account for the lack of attachment and further development of delayed im- 

plantation blastocysts in utero after administration of estrogen alone (l), -- 

just as a high a-chymotrypsin level prevented attachment in vitro, Table I. 

Some previously reported evidence is consistent with the suggestion 

that proteins secreted into the uterine lumen may be digested more readily 

1.5 to 20 hours after administration of estrogen and progesterone to ovariec- 

tomized mice. Newly synthesized proteins appear to be secreted into the 

uterine lumen (a) in relatively large amounts 2 hours and 30 hours after 

injecting estrogen and progesterone but (b) in small amounts between 15 

and 20 hours after administration of these hormones (3). However, increased 

degradation of newly secreted proteins could also result in diminished de- 

tection of protein secretion between 15 and 20 hours. 
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