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'./.PROTEIN SYNTHESIS IN DELAYED IMPLANTING MOUSE OVA
MASTER

T chnical Progress Report: COO-1801-9.

This report covers work completed and in progress under AEC
Contract number AT (11-1) 1801 during the period May 1, 1969-May
1, 1970. The specific areas of experimentation include:  1)
temporal changes in the synthesis of protein by blastocysts trans-
ferred to ovariectomized mice; 2) protein synthesis by blastocysts
in the uteri and oviducts of intact and ovariectomized mice;  3)
protein synthesis by blastocysts from species which do not show
delayed implantation; 4) protein synthesis by mouse blastocysts
in vitro; and 5) the content of glycogen in mouse blastocysts from
normal and delayed implanting pregnancies. The specific experi-
ments were contained in Section B (paragraph lc) of the original
proposal and Section B (paragraphs la, b & c; 2; & 4a) of the re-
newal proposal submitted last year.

I.  Temporal Changes in Protein Synthesis by Mouse Blastocysts
Transferred to Ovariectomized Recipients: Section B .(paragraph lc)
of the original proposal. This work has been completed. The re-
sults are presented and discussed in the attached reprint (COO-1801-4)(8'

II. Protein Synthesis by Blastocysts in the Oviducts and Uteri
of Intact and Hypophysectomized Mice: Section B (paragraphs la, b &
c) of last years renewal request. This work has been completed.  A
manuscript has been submitted to the Journal of Experimental Zoology.
(COO-1801-8) .p,4,011.
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Two possible explanations for the stimulatory effect of estrogen
and progesterone on protein synthesis by preimplantation embryos are
that the hormones: 1) stimulate the embryos directly(8); or 2) in-
duce changes in the uterus that in turn affect the embryos(12).

To determine which of these possibilities is correct, mouse
blastocysts were retained in one oviduct by a ligature at the utero-
tubal junction; the mice were then left intact or hypophysectomized.
35S methionine was injected and the tubal and uterine blastocysts
were recovered and prepared for radioautography.

35
Blastocysts in utero incorporated S methionine only if the

pituitary was present. On the other hand, blastocysts in the ovi-
ducts incorporated 35S methionine regardless of the hormonal status
of the mother. This suggests that estrogen and progesterone influence
the level of protein synthesis in uterine blastocysts by inducing
changes in the uterus rather than by stimulating the embryos directly.

In addition, blastocysts were recovered from oviducts or uteri
between day 5 and 10 post coitum and transferred to pseudopregnant
females to test their ability to develop into normal fetuses. Uterine
blastocysts retained the ability to develop normally while the per-
centage of tubal blastocysts capable of development dropped sharply
between day 5 and day 10. Therefore, it is suggested that the dor-
mant condition of mouse blastocysts in utero during delayed implant-
ation may serve to protect the embryos from damage.
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III. The material contained in part I of this report was

p»sented at the Blastocyst Biology Conference in Seattle in 1969
an& will appear as ajchapter in a book resulting from that confer-
ence (COO-1801-514#ni-The material contained in part II of this re-
port was presented at the 1970 meeting of the American Association
of Anatomists in Chicago (COO-1801-6) 46*#4 (,1'> )

IV. Protein Synthesis in Blastocysts from Species which do not
show Delayed Implantation: Section B (paragraph 2) 01 last years
renewal request. This work is now in progress. The scope of this
experiment has been enlarged and it is therefore included in the
present proposal (B: paragraph 1). The results obtained so far are
presented below.

Mouse eggs synthesize little or no protein, as inferred from
the incorporation of 35S methionine in vivo, during the cleavage
stages of development(2,3,7,13,14) and total protein content de-
creases by approximately 25% during that four day period(1). The
level of protein synthesis is markedly increased between day 4 and
day 5 of pregnancy as the blastocysts prepare for implantation
(3,13,14,16). The increase in protein synthesis does not occur in
delayed implanting blastocysts and the dormant condition of the
embryos appears to protect them during the period of delay(11,12 ,13,
16). A hormonally regulated "on-off" mechanism controlling the
level of protein synthesis in the blastocysts has been described;
it has been suggested that this switch may partially explain how
blastocysts can survive a prolonged delay in implantation(11,12).
Ii was therefore of interest to determine whether or not blastocysts
from a species that does not display delayed implantation have a
similar switch mechanism. The hamster was selected because of its
small body size and the fact that blastocysts do not survive if im-
plantation is prevented by maternal ovariectomy or hypophysectomy.
Hamsters ·were given 35S methionine or 3H leucine on day 2, day 3,
or day 4 of pregnancy; the blastocysts were recovered 2 hours later
and prepared for radioautography. Although not yet complete the
data collected so far suggest that the hamster egg incorporates
amino acids throughout the cleavage period. It appears therefore
that hamster eggs do not have the same pattern of protein synthesis
as mouse eggs.

A second experiment was performed. Hamsters were ovariectomized
on day 3 of pregnancy to prevent implantation (implantation normally
occurs on day 4). Labelled amino acid was given on day 4 and the
eggs collected and prepared for radioautography. Again, the data
is incomplete but early results indicate that the level of protein
synthesis has decreased in these eggs. Two possible explanations
for this finding are: 1) that a functional switch is present in
hamster eggs and that in the absence of ovarian hormones the rate
of protein synthesis decreases as it does in mouse eggs; or 2) that
the level of S methionine incorporation decreased because the em-35

bryos were no longer viable. The second possibility seems most
likely since hamster blastocysts are seen to degenerate late on day
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4 or early on day 5 following maternal ovariectomy on day 3.
These possibilities are being checked out by the egg transfer
tdchniques (see B, paragraph 1 for specific experiments).

V.  Protein Synthesis by Blastocysts in vitro. Section B,
(paragraph 4a, and b) of last years' renewal proposal. This work
is now in progress. The scope of these experiments has been en-
larged and therefore it is included in the present proposal (Section
B, paragraph 2a,b,c and d). The results obtained so far are pre-
sented below.

Blastocysts were recovered from normal pregnancies and from
pregnancies with delayed implantation. The eggs were incubated
in vitro for varying lengths of time in a medium containing 35S
methionine or unlabelled methionine.  The eggs were checked 9¥radioautography; blastocysts of both types incorporated the   S
methionine in agreement with the work of others(6).  An attempt
is now being made to determine whether or not the initial incor-
poration of methionine is deferred in the case of delayed implant-
ing blastocysts (e.g. reported for blastocysts of the rat (4) ).

VI. Glycogen Content of Delayed Implanting Blastocysts: This
experiment was not included in last years' proposal and has been
carried out by Mr. Blake Ozias under my direction. The work is
complete, was presented at the 1970 meeting of the American Assoc-
iation of Anatomists (COO-1801-7) and is being readied for publi-
cation.

\ 4*4 <fu)
Blastocysts do not implant at the expected time in mice that

are ovariectomized on day 4 of pregnancy. The eggs can be recovered
from the uteri for prolonged periods (i.e., up to day 35 post coitum).
Furthermore, such blastocysts are fully capable of developing into
normal fetuses for approximately ten days (i.e., day 15 pc). With
longer delays  (i.e., days 20-30) the proportion of embryos capable
of normal development steadily decreases(16). One possible ex-
planation for this decreasing vitality is that endogenous energy
sources are depleted leaving the embryos with insufficient reserves
to implant and develop normally. Possible sources of endogenous
substrate are: 1) carbohydrate; 2) protein; and 3) lipid. Glycogen
was selected as an easily. measured substrate known to be present in
mouse eggs(9,10), the flurometric assay of Stern and Biggers was
used(9).

It was found that glycogen levels decrease in the blastocysts
following maternal ovariectomy on day 4 (from 1.63 ng/egg on day 4
to 0.80 ng/egg on day 10). There was little or no change between
day 10 and 20 but glycogen was undetectable on day 30., Although the
levels of glycogen do not parallel the changes in capability for
development the two may be related. It is suggested that glycogen
may be decreased in the first few days of delay. With longer delays
the remaining glycogen appears to be used more slowly possibly be-
cause of increased catabolism of lipid and protein within the cells.
It is suggested that with delays longer than day 20 p.c. the embryos'
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reserves may reach critically low levels and catabolism of vital
, - p.rotein portions of the cells result in their inability to developn8rmally.  The amounts of lipid and protein in mouse eggs have been

measured; in the single cell stage(5); and at the blastocyst stage
(1). No attempt has yet been made to determine whether or not these
materials are depleted in prolonged delayed implantation.

VIII. Time Spent:  The principal investigator (H. Weitlauf)
has spent 90% time on these projects and will continue to do so
during the remainder of the current term.

This work was supported by the Atomic Energy Commission: Report COO-1801-9
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