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Abstract

It has been demonstrated that the Xenopus oocyte can translate rabbit haemoglobin messenger
RNA (mRNA) following microinjection of the message into the cell*. The Xenopus oocyte has
since been shown to be capable of translating a variety of messenger RNAs from different
specie52‘4. This system has proved useful in understanding the mechanism of message translation
and has also provided information about the translation capability of the Xenopus oocytesis.
Several other cell types, including HeLa cells and fibroblasts, can also translate exogenous
message injected into the cell7v8. However, there have been no reports of injection of mRNA into
oocytes or fertilised one-cell ova of mammalian species. Nevertheless, the latter system could be
of considerable use in studying the processing of exogenous messages in a mammalian system
undergoing development, as well as providing insight into the way the early embryo processes
injected messages and the protein products of such messages. We report here the results of
injecting message into the fertilised one-cell mouse ovum and show that both mouse and rabbit

globin mMRNA are translated in this system.

Fertilised one-cell mouse ova were collected following superovulation from hybrid C57 x
SJL females on the day of the vaginal plug by techniques described previouslyg. The ova
were collected in Brinster’s medium for ovum culture (BMOC-2, see ref. 9) and the cumulus
cells removed with hyaluronidase (300 units mI~1) in phosphate-buffered salineg. After
washing to remove cumulus cell debris, the ova were maintained in BMOC-2. Purified
MRNA for these experiments was prepared by the method of Gorski ez‘a/.lo except that
polysomes were dissociated with SDS and applied directly to oligo(dT)-cellulose as
described by Krystosek etal™. For injection, the ova were placed on a depression slide and
held with a blunt pipette as shown in Fig. 1. The tip of the injector pipette was filled with a
solution of MRNA in water (1 mg ml~1) and a small amount of solution was injected into
each ovum. The average volume injected was determined by injecting 3H-inulin into several
groups of ova and measuring the radioactivity found in each ovum. On the basis of these
measurements, the average volume injected into each ovum was estimated to be 13 pl. Some
of the ova underwent lysis during the 15-30 min after removal of the injector pipette and
release of the ovum from the holder. The survival rate was 30-40%, and it was found that
injection of the ova in medium containing cytochalasin B (5-10 ug ml~1) approximately
doubled the chance of survival. Each group of 20-40 injected ova was placed in BMOC-2
containing a mixture of five 3H-labelled amino acids (leucine, lysine, phenylalanine, proline,
tyrosine; specific activities 75-120 Ci mmol~1; Amersham Searle) for 15-17 h, during
which time approximately one third of the one-cell ova divided into two cells. Generally,
about 80% of one-cell ova will cleave during this period, but the high level of radioactivity
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necessary for labelling decreased the number of ova undergoing cleavage. After labelling,
the ova were washed three times in media containing non-radioactive amino acids, placed in
a 6 x 60 mm tube and stored at =70 °C. To determine whether globin had been synthesised
from the injected message, non-radioactive globin marker was added to the tube, and the
proteins were separated by two-dimensional high-resolution electrophoresis12

Figure 2 shows a typical fluorograph of the electrophoretic separation of synthesised
proteins following injection of ova with mouse globin mRNA. Two major radioactive spots,
indicated by arrows, co-migrated with non-radioactive globin marker prepared from mouse
blood. Injection of message into mouse oocytes yields a similar pattern (unpublished). The
other spots on the fluorograph are endogenous proteins. On control gels from ova not
injected with mRNA there are no radioactive spots in the area of globin migration, indicating
the absence of endogenous labelled protein in this area that might confuse the interpretation
of the fluorographs (Fig. 3). When the non-radioactive markers are separated on isoelectric
focusing (IEF) gels and stained for protein, each of the major spots is composed of two
closely migrating but clearly distinct bands. This separation, although less apparent in the
second dimension, can sometimes be seen in the radioactive spots such as the most basic of
those in Fig. 2. No globin marker bands are present in the IEF gel at a more basic position
than those shown in Fig. 2. The absence of such bands was confirmed by non-equilibrium
pH gradient electrophoresis (unpublished observations); in this procedure the migration is
from the acidic end and can be stopped at various positions before reaching the basic endlg.
Thus, the technique used for the egg proteins is capable of identifying the location of all the
globin chains synthesised from the injected message.

When rabbit mMRNA is injected into the ova, the pattern is slightly different. As shown in
Fig. 4, only one major globin spot is present. This major spot seems to be composed of two
sub-bands, similar to the situation for the mouse globin. However, because of the high level
of radioactivity, it generally appears as one spot in the photographs of the fluorograph. By
reference to purified globin markers for mouse a- and f~chain and for rabbit a- and fchain,
the large basic spot in Figs 2 and 4 was identified as a-globin for both the mouse and rabbit
mRNA. The more acidic spot from the mouse globin mRNA is f#-globin. No #-globin spot,
which would be located in approximately the same position as the mouse #-globin, can be
detected in Fig. 4. However, other studies suggest that a low level of rabbit fglobin
synthesis does occur (unpublished observations).

When ova were injected with either mouse or rabbit message at the one-cell stage, cultivated
in vitroto the blastocyst stage (5 days) and then labelled with 3H-amino acids, fluorographs
showed no indication of globin synthesis. In fact, preliminary studies suggest that globin
synthesis is not detectable 48 h after message injection. However, some globin is synthesised
when labelling begins 24 h after message injection. A precise half life of the injected
message can only be determined following more detailed investigation to identify the
saturating level of message and the lag time before the message is active. However, it is clear
that the mRNA half life in mouse ova is considerably shorter than that in Xenopus oocytes,
where globin message has been shown to retain its activity for 2 weeks or Ionger14. Clearly,
the cell type containing the message profoundly influences its stability. These studies do not
indicate whether the message is degraded or is converted to a non-translatable form.
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Although the former possibility seems the more likely, the presence of masked message in
the embryo makes the latter an intriguing possibility.

These observations on the translation of globin message by the mouse ovum identify an
important new system in which to study the activity of mRNA and the synthetic products of
the message. Although having some similarities to the Xengpus oocyte, the system shows
several differences. For instance, the mouse cells are mammalian rather than amphibian and
are actively dividing rather than dormant or static as is the Xengpus oocyte. The unique
characteristics of each system may provide different answers to the same question. The large
difference found between the two cell types in the stability of injected globin message is one
example. Another is the preponderance of synthesis of a- relative to f-chains in the mouse
ovum; the relative synthesis is just the opposite in the Xenopus oocyte. The injection of
exogenous messages into the mouse ovum should help in understanding message stability
and activity in the developing mammalian embryo, as well as providing a means of studying
translational activity and specific protein stability in the embryo.
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Fig. 1.

Injection of one-cell mouse ovum with mRNA. The ovum was held with a blunt suction

pipette (5 um i.d., 20 pm o0.d.). The o.d. of the injector pipette was 2—-3 um, and the tip was

sharpened either by chipping or grinding. The ova were maintained on a depression slide in

culture medium under silicone oil. The injection solution drop, from which the injector

pipette was filled, was adjacent to the medium containing the ova. The technique was similar
N . 15

to that used for injecting cells into blastocysts™".
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Fig. 2.

Fluorograph of two-dimensional electrophoretic separation of proteins from 20 one-cell
fertilised mouse ova injected with mouse globin mMRNA and incubated in 3H-labelled amino
acids. Isoelectric focusing (IEF) was from left (pH 7.5) to right (pH 4.5) and SDS-
polyacrylamide electrophoresis was from top to bottom. The technique used was basically
that of O’Farrell, as previously describedlzile. The IEF was carried out with pH 3-10
ampholines. Marker proteins on the right margin are lactoglobulin (top, MW = 18,400) and
methaemoglobin (bottom, MW= 16,000). The two radioactive spots indicated by the arrows
coincide with the position of the non-radioactive globin marker protein prepared from mouse
blood. @ and g indicate the positions of a- and #chains of globin.
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Fig. 3.
Fluorograph of two-dimensional electrophoretic separation of proteins from 20 one-cell

fertilised mouse ova injected with water. Techniques used were similar to those for Fig. 2.
No radioactivity appears in the area of globin migration.
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Fluorograph of two-dimensional electrophoretic separation of proteins from 20 one-cell
fertilised mouse ova injected with rabbit globin mRNA. Techniques used were similar to
those for Fig. 2. The single radioactive spot indicated by the arrow coincides with the
position of the non-radioactive globin marker protein prepared from rabbit blood. a
Indicates the position of the a-chain of globin. No f~chain was detected on the fluorograph.
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