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Hyttel, P., R. Prochdzka, S. Smith, J. Kanka and T. Greve: RNA synthesis in porcine
blastomere nuclei introduced into in vitro matured ooplasm. Acta vet. scand. 1993, 34,
159-167. — The objective was to investigate the RNA synthesis in porcine blastomere
nuclei upon transplantation into in vitro matured enucleated oocytes. Nuclei from 2- to
8-cell porcine embryos were introduced into the ooplasm of in vitro matured and enu-
cleated porcine oocytes by electrofusion, and the resultant reconstructed embryos were
cultured in vitro. Before fusion or at different intervals after this event embryos were
incubated with [°’H]-uridine, fixed, and histologically processed for autoradiography in
order to detect RNA synthesis. About two thirds of the embryos were considered to
depict normal development. All blastomeres displayed pronounced RNA synthesis be-
fore fusion, at 3 and 9 h after fusion the synthesis decreased or ceased, and at 24-49 h
some embryos resumed synthesis at the 1- to 2-cell stage.
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Introduction

Transplantation of blastomere nuclei is the
cloning technique that currently offers the
best prospects for widespread multiplication
of single embryos. To date this procedure in
farm animal species has resulted in live off-
spring in sheep (Willadsen 1986, Smith & Wil-
mut 1989), cattle (Robl et al. 1987, Prather et
al. 1987, Bondioli et al. 1990, Willadsen et al.
1991), and pigs (Prather et al. 1989). As used
in farm animals the technique basically in-
cludes enucleation of metaphase II oocytes
followed by fusion of the resultant cytoplast
with a blastomere of the donor embryo
whereby a reconstructed embryo is formed
(Willadsen 1986). However, currently the effi-
ciency is rather low particularly when using in
vitro produced material (Chesne et al. 1991),
and there are a number of cell biological

mechanisms that need to be elucidated in or-
der to improve the technique.

It is believed that certain products present in
the cytoplast of the oocyte cause a reprogram-
ming of the blastomere nucleus. In mammals
however, only few facts are available concern-
ing the nature of this reprogramming. Thus, it
has been shown that hamster liver nuclei in-
itiate DNA synthesis (Naish et al. 1987), that
mice thymocyte nuclei are remodelled
(Szollosi et al. 1988), that rabbit (Stice &
Robl1988) and pig blastomere nuclei (Prather
et al. 1988 and 1990, Prochdzka et al. 1990)
swell upon transplantation, and that lamin
A/C antigens, which are lost from the nuclei
of the developing pig embryo by the 8-cell
stage, reappear upon transplantation of 16-
cell stage nuclei (Prather et al. 1989). Re-
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cently, a report on the RNA synthesis of trans-
planted bovine nuclei has been published
(Katika et al. 1991).

Early mammalian embryogenesis is charac-
terized by an initial period of extragenomal
control without RNA synthesis, relying en-
tirely upon maternal stores of RNA. This pe-
riod is followed by the maternal-embryonic
transition during which the embryonic ge-
nome is activated and RNA synthesis in-
itiated. The embryonic stage at which the bulk
of the RNA synthesis is initiated is species
specific, and it is among the large domestic
species reported to be the 8-cell stage in
cattle (Camous et al. 1986, Grpndahl et al.
1990) and the 4-cell stage in the pig (Tomdnek
et al. 1989). Karika et al. (1991) recently re-
ported that nuclei from 8-cell bovine em-
bryos, which synthesize RNA, failed to incor-
porate 3H-uridine after fusion with enuclea-
ted oocytes. Moreover, it was shown on a very
limited material that RNA synthesis did not
resume in such reconstructed embryos until
the 8-cell stage. These studies prompted us to
investigate the incidence and timing of RNA
synthesis in similarly reconstructed porcine
embryos. Preliminary results from the present
study have been presented earlier (Hyttel et al.
1990).

Thus, the objective of the present study was to
investigate the RN A synthesis in nuclei from
porcine blastomeres introduced into the
ooplasm of enucleated metaphase II oocytes.

Materials and methods

Oocyte recovery, maturation and enucleation
Ovaries from prepuberal gilts obtained from a
local slaughterhouse were transported at 20-
25°C to the laboratory within 2 h of collection.
Small and medium sized follicles (1 to 4 mm
diameter) were aspirated with a 20 G needle
into a syringe and the contents were deposited
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into a petri dish containing phosphate buf-
fered saline (PBS) with 10% fetal calf serum
(FCS).

Cumulus enclosed oocytes were recovered
under a stereomicroscope and placed into 0.5
ml droplets of maturation medium consisting
of TCM-199 supplemented with 20 mg/ml bo-
vine serum proteins (USOL, Praque, Czecho-
slovakia) and then cultured for 38-42 h at
38°Cin a 5% CO, and humidified air atmos-
phere.

Metaphase II oocytes with a discernible first
polar body, spherical shape, and evenly gran-
ulated ooplasm were selected for enucleation.
Micromanipulation was done in Whitten’s
medium (WM) supplemented with 7.5 pg/ml
Cytochalasin B (Sigma, St. Louis, USA) and
10% newborn lamb serum (NLS). A cut was
made in the zona pellucida adjacent to the po-
lar body, and then the polar body and approx-
imately one-third of the ooplasm was aspi-
rated and discarded to manufacture
cytoplasts.

Embryo recovery and blastomere manipula-
tion

Prepuberal Yorkshire-Landrace gilts (90-105
kg) were synchronized and superovulated
with a gonadotrophin treatment consisting of
1200 L.U. PMSG (Antex®, Leo Pharmaceuti-
cals), followed in 72 h by 1000 IU hCG
(Physex®, Leo Pharmaceuticals Ballerup,
Denmark). Gilts were artificially inseminated
at approximately 36 and 48 h after the hCG in-
jection. Embryos at the 2- to 8-cell stages were
surgically flushed form the oviducts at
between 74 to 140 h post hCG administration.
Embryos were briefly (1-2 min) exposed to
pronase (Sigma) at 37°C to cause partial di-
gestion of the zona pellucida. They were then
incubated in PBS without calcium and magne-
sium (Sigma) at 37°C for 15 min to reduce the
bonding between blastomeres. While held in
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WM, 7.5 ug/ml Cytochalasin B, and 10% NLS
a micromanipulator was used to free the blas-
tomeres from the zona and to separate them
from one another by repeated aspiration and
expulsion from a pipette. Individual blasto-
meres from 2-, 3-, 4-, 6-, or 8-cell embryos
were deposited into the perivitelline space of
a previously prepared cytoplast. The recon-
structed embryos were washed twice in WM
plus 10% NLS and then equilibrated for 10-15
min in 0.3 M mannitol.

Electrofusion and embryo culture

Incorporation of blastomere nuclei into the
cytoplasts was achieved by electrofusion in a
fusion chamber (electrode distance 280 um)
containing 0.3 M mannitol, 0.1 mM MgSO,
and 0.05 mM CaCl, connected to a Kriiss CFA
400 generator. Embryos were aligned in an
AC field of 6 V and 600 kHz for 5 sec and a

single DC pulse of 17 V and 100 usec duration
was applied.

The embryos were removed, washed twice in
WM plus 10% NLS and then cultured in the
same medium in 0.5 ml droplets at 38°C in a
5% CO, and humidified air atmosphere.
Before electrofusion (0 h), and at 3,9, 24, and
44-49 h of culture 7, 10, 10, 12, and 16 recon-
structed embryos, respectively, were incu-
bated in WM plus 10% NLS enriched with 4
MBq *H-uridine (UVVVR, Praque, Czecho-
slovakia) per ml for 20 min under the same
conditions as described for embryo culture.
At the end of incubation the embryos were
washed 3 times in PBS with 10% fetal calf
serum. Additionally, 2 reconstructed embryos
that were collected before electrofusion, and
which had both received donor blastomeres
from 6-cell stages, were maintained in 3H-uri-
dine free culture and served as controls.

Table 1. Developmental stage and degree of *H-uridine incorporation relative to the time of fusion in em-
bryos that were considered to depict normal development.

Culture Reconstructed embryos
after fusion
h Developmental stage (number of nuclei) Labelling Number
ot Cytoplast (0) / Blastomere (1) ++ 4
3 1-cell (1)
1-cell (anaphase) 1
9 1-cell (1) - 3
1-cell (1) + 4
24 1-cell (1) + 2
1-cell (metaphase) 6
2-cells (1 per cell) - 1
2-cells (1 per cell) ++ 1
44-49 1-cell (1) + 2
1-cell (1)
2-cells (1 per cell) ++ 3
3-cells (1 per cell) - 1

1: Before fusion
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Light microscopy and autoradiography

All embryos were fixed in 3% glutaraldehyde
in 0.1M phosphate buffer for 1 h at 4°C, post
fixed in 1% OsO, in 0.1 M phosphate buffer
for 1 h at 4°C, uranyl block stained, dehy-
drated, embedded in Epon, and serially sec-
tioned into 1-2um semithin sections (Hyttel &
Madsen 1987). Specific sections including the
nuclei and if present the nucleoli were se-
lected by phase contrast microscopy and
coated with Ilford K2 liquid emulsion (Ilford,
Copenhagen, Denmark) and exposed for 4-5
weeks at 4°C. Subsequently, they were devel-
oped with Kodak ID19 (Kodak, Copenhagen,
Denmark) and fixed. Finally, all coated and
uncoated sections were stained with 1% basic
toluidine blue and evaluated by bright field
light microscopy. The labelling of the coated
sections due to incorporation of H-uridine
was semiquantitatively scored as absent (-),
moderate (+), or pronounced (++). For exam-
ples see Figs. 1a,b and 3a,b (++) and Fig. 2a,b

(+)-

Results

A total of 35 (66%) of the 53 embryos were
considered to depict a normal course of devel-
opment, which was defined as the presence of
a single nucleus per cell and if cleavage had
occurred, then symmetrical. All other em-
bryos were considered as deviant. A presenta-
tion of the developmental stage and RNA
synthesis of the normally developing recon-
structed embryos after different periods of
culture is given in Table 1. As no differences
were noticed with respect to the effect of the
developmental stage of the blastomere donor
embryo on RNA synthesis the data from 2-,
3-, 6-, and 8-cell donor blastomeres were
pooled.

None of the control embryos showed autora-
diographic labelling.
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Four of the 7 embryos fixed before fusion
were considered as being normal. Each of the
embryos had cytoplasts without chromo-
somes or nuclei, and the donor blastomeres,
of which 1, 2, and 1 originated form 2-, 4-, or
6-cell donor embryos, respectively, displayed
a central nucleus with pronounced autoradio-
graphic labelling (Fig. 1a,b). The labelling
was, as in all the following cases, seen dis-
persed over the nucleoplasm and not specifi-
cally associated with the nucleoli. The 3 devi-
ant embryos had blastomeres without nuclei
or chromosomes.

Seven embryos (all 1-cell) of the 10 fixed at 3
h after fusion were considered to be normal.
In 6 of the embryos a spherical centrally lo-
cated nucleus with moderate autoradio-
graphic labelling was found (Fig. 2a,b), while
the last embryo displayed an anaphase lo-
cated slightly off center in the cell. Among the
3 deviant embryos 1 was binucleated, while
fusion had not taken place in the last 2 em-
bryos, both of which displayed nucleated cy-
toplasts.

Seven embryos (all 1-cell) of the 10 fixed at 9
h after fusion were considered to be normal.
They all dispalyed a spherical centrally lo-
cated nucleus with moderate (N=4) or no
(N=3) autoradiographic labelling. The 3 devi-
ant embryos, which were also 1-cell, were
polynucleated or lacked nuclei or chromo-
somes.

Ten (8 one- and 2 two-cell) of the 12 embryos
fixed at 24 h after fusion were considered as
being normal. In 2 of the 1-cell embryos a
spherical centrally located nucleus with mod-
erate autoradiographic labelling was ob-
served while the remaining 6 displayed meta-
phases, which were in general located in the
center or slightly off center in the cell. The 2-
cell embryos had undergone symmetrical divi-
sion, and each cell contained a spherical cen-
trally located nucleus, which in a single
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Figure 1a & b: Reconstructed embryo before fusion. Note the pronounced (++) autoradiographic labelling
of the nucleus (arrow) of the blastomere, which originated from a 2-cell stage.

. ¢

Figure 2a & b: Reconstructed embryo 3 h after fusion. Note the moderate (+) autoradiographic labelling of

the centrally located nucleus (arrow).

embryo showed a pronounced autoradio-
graphic labelling (Figs. 3a,b). The 2 deviant
embryos, which were both 1-cell, lacked nu-
clei or chromosomes.

Only 7 (3 one-, 3 two-, and 1 three-cell) of the
16 embryos fixed at 44-49 h after fusion were
considered as normal. The one-cell embryos
displayed a spherical or slightly elongated nu-
cleus with moderate (N=2) or pronounced
(N=1) autoradiographic labelling. The 3 two-
cell embryos had undergone symmetrical divi-
sion, and each cell contained a spherical nu-

cleus displaying pronounced autoradio- grap-
hic labelling. The normal 3-cell embryo had 1
large and 2 smaller cells each containing a
spherical centrally located nucleus without
autoradiographic labelling. The 9 deviant em-
bryos, which were 1-, 2-, 3-, or 8-cell, either
lacked chromosomes or nuclei completely in 1
or more blastomeres or they were bi- or poly-
nucleated (Fig. 4a,b).

Discussion
In the present material about two-thirds of
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Figure 3a & b: Reconstructed embryo at the 2-cell stage 24 h after fusion. Note the pronounced (++) auto-
radiographic labelling of the nucleus (arrow) in 1 of the blastomeres.

Figure 4a & b: Deviant reconstructed embryo at the 2-cell stage 44 h after fusion. Note the pronounced (++)
autoradiographically labelled large (arrow) and small (arrowhead) nucleus found in 1 of the blastomeres.

the reconstructed embryos were by morpho-
logical means considered as being normal.
More than half of the embryos cultured for
about 2 days displayed developmental devian-
cies, which was more than in any of the groups
submitted to shorter culture periods. Using a
similar culture system where FCS replaced
NLS, 1- and 2-cell embryos were able to pass
the 4-cell block at 81% although only 14%
could develop to the blastocyst stage (Smith et
al. 1992). Thus, the employed culture system
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is considered to be adequate in sustaining em-
bryonic development through the short cul-
ture periods used in the present study. The
poor rate of normal embryonic development,
however, may reflect suboptimal activation of
the recipient ooplasm by the employed single
DC pulse. Such a stimulation appeared inca-
pable of promoting an advanced parthenoge-
netic development of porcine oocytes ma-
tured in vitro (Prather et al. 1991).

It is noticeable that the morphological
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changes in the transplanted nuclei of the
present study apparently is completely differ-
ent from that described by Karika et al. (1991)
in cattle. The latter authors observed a com-
plete remodelling of the transplanted nuclei
within the first 20 h after fusion including
chromosome condensation, nuclear envelope
breakdown, chromosome decondensation,
and formation of a new nuclear envelope.
This type of remodelling is similar to the one
described by Szdlldsi et al. (1988) upon trans-
plantation of thymocyte nuclei into activated
mouse oocytes. In the present material the
transplanted nuclei were apparently not ex-
tensively remodelled, a feature that may be
associated with a less complete reprogram-
ming of the timing of embryonic develop-
ment.

A complete nuclear remodelling requires
presence of active maturation promoting fac-
tors (MPF) in the recipient cytoplasm
(Szollosi et al. 1988). The behaviour of the nu-
clei in the present study strongly suggest that
active MPF was no longer operating in the re-
cipient ooplasm at the time where the donor
nucleus entered it. The drop in MPF activity
must have occurred very fast since the fusion
process did not exceed 30 min in our experi-
ments. This observation raises the question
whether such a rapid depletion of MPF mole-
cules is an obligatory effect of electric activa-
tion. Recent results in cattle (Kaika et al.
1991) and rabbit (Collas & Robl 1991) clearly
show that in vivo matured oocytes activated
by an electric pulse preserve the capacity of
sustaining complete remodelling of an intro-
duced nucleus. Thus, in these cases a suffi-
cient level of MPF activity was maintained un-
til completion of the fusion process. We
assume that the discrepancy in nuclear beha-
viour when transplanted into in vitro versus in
vivo matured ooplasm is due to a lower level
or less stability of MPF molecules produced in

in vitro matured ooplasm. This feature is in
accordance with the fact that in vitro matured
porcine oocytes also are less capable in sus-
taining embryonic development following in
vitro fertilization than in vivo matured ones
(Yoshida et al. 1990).

All reconstructed embryos fixed before fusion
displayed autoradiographic labelling over the
nucleus of the donor blastomer including 1
embryo receiving a blastomere form a 2-cell
stage. This finding is remarkable as previous
studies have demonstrated that the onset of
RNA production occurs at the 4-cell stage in
unmanipulated in vivo derived pig embryos
(Tomdnek et al. 1989). 1t is, however, possible
that the blastomere isolation and manipula-
tion performed in the present study before
fixation and autoradiography has triggered
RNA synthesis.

A clear pattern of RNA synthesis was seen in
the reconstructed embryos depicting the
course of normal development. Before fusion
all blastomers showed a pronounced RNA
synthesis, while at 3 and 9 h after fusion the
synthesis had ceased or at least decreased
markedly. At 24-49 h some embryos had re-
sumed a high activity of RNA synthesis. A
similar drop in RNA synthesis following fu-
sion was observed in cattle (Kaitka et al
1991). In the latter species, however, RNA
synthesis was not resumed until the 8-cell
stage, i.c. the stage at which the synthesis is in-
itiated during normal unmanipulated em-
bryonic development. The fact that the recon-
structed embryos in the present study
resumed RNA synthesis already at the 1- or 2-
cell stage may be due to a less complete repro-
gramming as also indicated by the less com-
plete remodelling of the nucleus.

The fact that autoradiographic labelling was
dispersed over the nucleoplasm rather than
associated with the nucleoli suggests that the
synthesized RNA is of the heterogeneous nu-
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clear type as also reported in cattle (Karika et
al. 1991).

It is concluded that transplantation of porcine
blastomere nuclei into in vitro matured oo-
plasm results in a drop in RNA synthesis,
which is resumed within 1-2 days at the 1- to 2-
cell stage.
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Sammendrag
RNA syntese i svineblastomerkerner transplanteret til
in vitro modnet ooplasma

Formaélet med undersggelsen var at studere RNA
syntesen i kerner fra svineembryoners blastomerer
efter transplantation heraf til in vitro modnede
enukleerede oocyter. Kerner fra blastomerer af em-
bryoner pé 2- til 8-cellestadiet blev overfgrt til oo-
plasmaet fra in vitro modnede og enukleerede
svineoocyter ved elektrofusion, og de rekonstrue-
rede embryoner blev dyrket in vitro. Fgr elektrofu-

sionen eller pa forskellige tidspunkter herefter blev
embryoner inkuberet med [*H]-uridin, fikseret og
histologisk prapareret til autoradiografi for at de-
monstrere mulig RNA-syntese. Omkring to tredie-
dele af embryonerne vurderedes at udvikle sig nor-
malt under dyrkningsforlgbet. I disse embryoner
udviste alle kerner markant RNA-syntese for elek-
trofusionen, 3 og 9 timer efter fusionen var RNA-
syntesen hemmet eller endog ophgrt og 24-49 timer
efter fusionen havde nogle embryoner pé 1- eller 2-
cellestadiet genoptaget en hgj synteseaktivitet.
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