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Summary

The expression of nuclear lamins during mouse pre-
implantation development was studied by immunoflu-
orescence, immunoblotting and immunoprecipitation.
Two sera were used, specific either for lamin B or
lamins A and C. Both sera gave a positive staining of
the nuclear periphery throughout preimplantation
development (fertilized eggs to late blastocysts). Im-
munoblots revealed that the three lamins were present
in eggs and blastocysts. However, lamin A from eggs
was found to have a higher apparent MT than lamin A

from blastocysts and other mouse cells. Using immu-
noprecipitation, synthesis of lamin A was detected in
eggs while synthesis of lamin B was detected in 8-cell
embryos and blastocysts, indicating that at least some
of the lamins used during early development do not
come from a store in the egg. These results are
discussed in relation to the possible role of lamins
during cell differentiation.
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Introduction

The nuclear lamina is a proteic meshwork associated
with nuclear pores and apposed to the inner nuclear
membrane. Together with the internal scaffold (or
matrix), it constitutes the nucleoskeleton. In most
mammalian cells, it is composed of three related
proteins called lamins A, B and C with relative
molecular masses of 60000-78000 (for reviews see
Gerace, 1986; Krohne & Benavente, 1986). The
filaments of the nuclear lamina are closely related to
intermediate filaments, as shown by analysis of the
genes' sequences (McKeon et al. 1986; Fisher et al.
1986) and self-association properties (Aebi etal. 1986;
Goldman et al. 1986). During mitosis, the lamina is
disassembled in parallel with hyperphosphorylation
of the lamins (Gerace & Blobel, 1980; Ottaviano &
Gerace, 1985). The nucleoskeleton is thought to play
an important role in nuclear physiology. Three major

nuclear functions, replication, transcription and con-
trol of gene activity, have been suggested to depend
upon the anchorage of DNA loops to the nucleoskel-
eton (Cockerill & Garrard, 1986; Gasser & Laemmli,
1986a,6; Heck & Earnshaw, 1986; Jackson & Cook,
1985, 1986; Mirkovitch etal. 1984).

A differential expression of lamins has been de-
scribed during early development in Xenopus, one
lamin (LnI) being present in oocytes whereas two
others (L, and LH) appear later during development
(Benavente et al. 1985; Krohne et al. 1981; Stick &
Hausen, 1985). Differential lamin expression may
also occur during development in other species. In
Drosophila, a 74000 polypeptide is predominantly
expressed during early stages of embryogenesis
(2-4 h) whereas in older embryos (6-21 h) a 76000
polypeptide is also present (Smith & Fisher, 1984). In
mammals, it has been reported using immunofluor-
escence that lamins A, B and C are present in
fertilized eggs and early cleavage blastomeres. In
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morulae and blastocysts, only lamin B was detected
(Schatten et al. 1985). In order to understand further
the possible role of these proteins during develop-
ment, we have reinvestigated the expression of the
nuclear lamins during mouse preimplantation devel-
opment using immunofluorescence, immunoblotting
and immunoprecipitation.

Materials and methods

Recovery of embryos
MF1 (Central Animal Services, Cambridge, UK), F!
(C57/B1 x CBA; bred in our laboratories) or Swiss (Ani-
malerie Specialised de Villejuif, CNRS, France) female
mice (3-6 weeks) were superovulated by injections of
5-7-5 i.u. of pregnant mare's serum gonadotrophin
(PMSG; Intervet) and human chorionic gonadotrophin
(hCG; Intervet) 48 h apart. Unfertilized eggs were re-
covered at 14-16 h post-hCG and freed of their cumulus
cells by brief exposure to O-lM-hyaluronidase (Sigma). In
order to obtain embryos, the females were paired overnight
with HC-CFLP (Hacking & Churchill, UK) or Swiss
(Animalerie Sp6cialis£e de Villejuif, CNRS, France) males
and inspected for vaginal plugs the next day. 1- and 2-cell
embryos were recovered by flushing fertilized eggs at
16-18 h post-hCG followed by culture in Medium 16
containing 4mgml~L bovine serum albumin (M16 + BSA;
Whittingham & Wales, 1969) under oil at 37°C in 5 % CO2

in air. Later stage embryos were recovered by flushing late
2-cell/early 4-cell embryos at 46-50 h post-hCG or 8-cell
embryos at 65-70 h post-hCG, followed by culture in
M16 + BSA to the appropriate stage.

Parthenogenetic activation
Oocytes were activated by a 4-5 min exposure of the cells to
7 % ethanol solution as described in Webb et al. (1986).

Cell fixation and immunocytological staining
After the removal of the zona pellucida by brief exposure to
acid Tyrode's solution (Nicolson et al. 1975), eggs and
embryos were placed in specially designed chambers
exactly as in Maro et al. (1984) except that the chambers
were coated first with a solution of 0-1 mgml"1 Concanava-
lin A and the samples _centrifuged in them at 450g for
10 min at 30°C. Tissue culture cells were grown on glass
coverslips. Samples were then fixed in one of three ways.
(1) Cells were fixed for 30min at 20°C with 1-8 % formal-
dehyde in phosphate-buffered saline (PBS), washed for
10 min in PBS containing 50mM-NH4Cl, extracted for
10 min in PBS containing 0-25 % Triton X-100 and finally
washed three times in PBS. (2) Cells were fixed for 6 min at
—20°C in methanol, then rehydrated and washed in PBS.
(3) Cells were washed quickly in PHEM buffer (10 mM-
EGTA, 2mM-MgCl2, 60mM-Pipes, 25mM-Hepes, pH6-9;
derived from Schliwa et al. 1981) extracted for 5 min in
PHEM buffer containing 0-25 % Triton X-100, washed in
PHEM buffer and fixed for 30 min with 1-8 % formaldehyde
in PHEM buffer.

Immunocytological staining was performed as described
in Maro et al. (1984) using either an anti-lamin B serum

(Guilly et al. 1987) or an anti-lamin A+C human serum
(McKeon et al. 1983) followed by fluorescein-labelled anti-
human immunoglobulin antibodies (Miles). In order to
stain chromosomes, fixed embryos and cells were incubated
in Hoechst dye 33258 (5^gml"' in PBS) for 45 min.

Photomicroscopy
The coverslips were removed from the chambers and
samples were mounted in 'Citifluor' (City University,
London) and viewed on Leitz Ortholux II and Dialux 20
microscopies with filter sets L2 for FITC-labelled reagents,
and A for Hoechst dye. Photographs were taken on Kodak
Tri-X or Ilford HP5 films using Leitz Vario-Orthomat
photographic systems.

Immunoblotting
Embryos were washed in Medium 2 (Fulton & Whit-
tingham, 1978) containing 4mgml"1 polyvinylpyrrolidone
(M2 + PVP), then lysed in boiling SDS sample buffer
(Laemmli, 1970) and analysed on a 10% SDS-polyacryl-
amide gel (Laemmli, 1970). Proteins were transferred to
nitrocellulose by electrophoresis (Towbin et al. 1979; Bur-
nette, 1981). Immobilized proteins were incubated with a
1:500 dilution of anti-lamin B and a 1:1000 dilution of anti-
lamin A+C, then with 125I-Protein A (Amersham) or with
alkaline-phosphatase-labelled anti-human immunoglobu-
lins (Promega Biotec, Madison, USA).

Immunoprecipitation
Embryos were labelled for 3h with 670/iCimP1 of
[35S]methionine (specific activity: 1100-1300mCimM~';
Amersham) in M16 + BSA and washed twice in
M16 + BSA and three times in M2 + PVP. Embryos were
lysed in lOOmM-Tris-HCl, pH8-3, 2mM-EDTA, 0-5%
SDS, 0-5% deoxycholate (DOC), 0-5% NP40, 5ITIM-
iodacetamide, 1/igmP1 leupeptin, l/igml~' pepstatin,
lOO^gml"1 aprotinin, 1 ITIM-PMSF and dispersed by sonica-
tion. After a 15 min centrifugation at lOOOOg, the super-
natant was incubated overnight with a 1:50 dilution of anti-
lamin B and a 1:25 dilution of anti-lamin A+C serum or a
1:25 dilution of control mixed human sera. Samples were
then mixed with Protein A-Sepharose 4B beads (Pharma-
cia) and incubated for 2h at 4°C under continuous agi-
tation. Beads were then washed five times by centrifugation
with DOC buffer, once in 100 mM-Tris-HCl pH6-8 and
finally boiled in SDS sample buffer. The eluted proteins
were analysed using 10% SDS-PAGE and revealed by
fluorography (Bonner & Laskey, 1974).

Cell lines
Three mouse teratocarcinoma cell lines (Jakob & Nicolas,
1987), PYS-2, F9 and 3-TDM1 were used in this study. L929
(mouse) and HeLa (human) cells were used as controls in
the immunoblot and immunoprecipitation described above.
For immunoprecipitation, subconfluent cells were labelled
for 6h with lOO^CimP1 of [35S]methionine (specific ac-
tivity: 1100-1300mCimM~1; Amersham) in methionine-
free RPMI (Seromed) containing 10% fetal calf serum.
Extracts of cells were prepared in the same way as for the
embryos.
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Results

Lamin B was detected by immunofluorescence in
fertilized eggs and at all subsequent stages of pre-
implantation development (Fig. 1A-D). It was not
possible to distinguish between lamins A and C by
immunofluorescence since the antibody used does not
discriminate between these two proteins. Using this
serum, all stages showed a positive staining of the
nuclear periphery (Fig. 1E-H). Similar results were
obtained in mice from strains with different genetic
backgrounds (Swiss, MF1 x CFLP, F!(C57/B1 x
CBA) x CFLP, F,(C57/B1 x CBA) x Swiss) and
using three different fixation procedures (data not
shown).

In order to check for the presence of each indi-
vidual lamin, we used a biochemical approach. Total
proteins of fertilized eggs and blastocysts were separ-
ated by SDS-PAGE, transferred to nitrocellulose
paper and probed with a mixture of both anti-lamin
sera. The results show that three lamins were present
at these stages of development (Fig. 2). Lamin A
from blastocysts was found to display a lower appar-
ent Mr than lamin A from eggs or HeLa cells (Fig. 2).
This change in mobility may reflect a real difference
in the polypeptide or may be an artifact linked to the
presence of large amounts of bovine serum albumin
(BSA), which migrates very close to the lamins, in the
culture medium. We tested this possibility by mixing
HeLa cell extracts with various amounts of BSA: the
presence of BSA (lmgml"1) did not modify the
migration of lamin A (data not shown). Moreover, in
cumulus cells, liver nuclei and various mouse cell
lines, a lamin pattern similar to the blastocyst pattern
was observed (Figs 2, 3). In those cell lines, we also
checked that the antigens detected were located at
the nuclear periphery (Fig. 4). This higher mobility
lamin A was also detected using the anti-lamin A+C
serum alone in 8-cell embryos, blastocysts and cumu-
lus cells (data not shown) showing that it belongs to
the lamin A+C family.

We also ascertained that the signals obtained from
our unfertilized eggs were unlikely to be caused by
cumulus cell contamination. It was not possible to
detect lamins in protein extracts made from 104

cumulus cells (this would correspond to a cumulus
cell-to-egg ratio of 5:1 in our egg sample whereas the
maximum number of cumulus cells present did not
exceed 2-3 cumulus cells per egg). Moreover, we did
not detect the higher mobility lamin A (present in the
cumulus cells) in the egg sample.

The change in mobility for lamin A in eggs may be
due to the fact that eggs are arrested in second
metaphase of meiosis. In metaphase, lamins are
soluble and hyperphosphorylated (Gerace & Blobel,
1980; Ottaviano & Gerace, 1985), while they are

Fig. 1. Distribution of nuclear lamins in preimplantation
mouse embryos. Embryos were stained either with an
anti-lamin B antibody (A-D) or with an anti-lamin A+C
antibody (E-H). Fertilized eggs (A,E); 8-cell embryos
(B,F); morulae (16-32 cells; C,G); blastocysts (D,H).
x250.
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Fig. 2. Immunoblotting of nuclear
lamins in mouse preimplantation
embryos. Cellular proteins were
probed with a mixture of anti-
lamin B and anti-lamin A+C sera
(see Materials and methods).
C, cumulus cells; H, HeLa cells;
E, 2000 unfertilized eggs; B, 600
blastocysts. A, B, C, lamins A, B
and C; MW, molecular weight
markers. MW, C, H, E2, B2,
2 days exposure time; E8 and B8,
8 days exposure time.

H PYS H F9 H TDM1 H L929 H Liver

Fig. 3. Immunoblotting of nuclear lamins in mouse cell lines. Cellular proteins were probed with an anti-lamin A+C
serum (see Materials and methods). H, HeLa (human); PYS, PYS-2 cells (mouse parietal endoderm); F9, F9
spontaneously differentiated in tissue culture conditions (mouse endoderm); TDM1, TDM1 cells (mouse trophoblast);
Liver, mouse liver nuclei. A, C, lamins A and C.

insoluble, located at the nuclear periphery and less
phosphorylated in interphase cells (as those found in
later stage embryos). It is known that many proteins
are phosphorylated during meiosis and that hyper-
phosphorylation may induce a change in the mobility
of some of these proteins as shown in mouse oocytes
(Howlett, 1986). When unfertilized eggs (in mitosis)
and ethanol-activated eggs (in interphase) were
probed by immunoblotting, lamins A and C migrated

with the same mobility in both samples (Fig. 5). Thus
the difference in mobility cannot be accounted for by
a cell-cycle-dependent mechanism.

Immunoprecipitation experiments were performed
in order to find out whether the lamins present in
early blastomeres come entirely from a store in the
egg or if synthesis of these proteins takes place during
early development. Lamin B was synthesized in 8-
cell-stage embryos and blastocysts while synthesis of
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Fig. 4. Distribution of nuclear lamins in various cell
lines. Cells were stained with an anti-lamin A+C
antibody (A,C,E,G) and with Hoechst dye 33258 to stain
the chromatin (B,D,F,H). (A,B) HeLa; (C,D) L929;
(E,F) PYS (16- to 32-cells); (G,H) TDM1. X1000.

Fig. 5. Immunoblotting of nuclear lamins in mouse
oocytes. Cellular proteins were probed with an anti-
lamins A+C serum (see Materials and methods). H,
HeLa cells (human); T, TDM1 cells (mouse); M, 2000
unfertilized eggs in metaphase; I, 1250 activated eggs in
interphase. A, C, lamins A and C.
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Fig. 6. Immunoprecipitation of nuclear lamins in mouse
preimplantation embryos. Cellular proteins were probed
with a mixture of anti-lamin B and anti-lamin A+C sera
(see Materials and Methods). UF, 2000 unfertilized eggs;
8s, 1000 8-cell embryos; Blast, 700 Blastocysts; H, HeLa
cells. A, B, C, lamins A, B and C. 1, 1 week exposure
time; 3, 3 weeks exposure time.

lamin A was only detected in unfertilized eggs
(Fig. 6). We were not able to immunoprecipitate
lamins A and C from any of the later stages studied
whereas our serum was able to precipitate lamins A
and C from mouse cells (Fig. 7). Thus lamin synthesis
takes place in mouse oocytes and in early embryos,
lamin A being the predominant lamin synthesized in
eggs whereas lamin B is the main one synthesized in
cleavage-stage blastomeres.
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Fig. 7. Immunoprecipitation of nuclear lamins in mouse
and human cells. Cellular proteins were probed with an
anti-lamin A+C serum (see Materials and methods). H,
HeLa cells (human); L, L929 cells (mouse); MW,
molecular weight markers; Co, control serum; A+C,
anti-lamin A+C serum. 4 days exposure time.

Discussion

The morphological and biochemical data presented in
this report show that three lamins are present at all
stages of mouse preimplantation development. A
positive staining of the nuclear periphery was ob-
served by immunofluorescence at all stages of the
mouse preimplantation development using both an
anti-lamin B serum and an anti-lamin A+C serum.
Moreover, we were able to detect lamins A, B and C
in eggs, 8-cell embryos and blastocysts by immuno-
blotting. However, the mobility of lamin A from
blastocysts, 8-cell embryos and many mouse cell types
on SDS gels is higher than that of lamin A from
oocytes or human cells. Comparison of the lamin
patterns in oocytes and in activated eggs demon-
strates that this change in mobility is not linked to a
cell-cycle-dependent mechanism but rather to a de-
velopmentally regulated mechanism. It remains to be
seen whether an alternative lamin A gene is tran-
scribed in mouse oocytes or whether a lamin-A-
specific post-translational modification accounts for

the difference. Resolution of this problem is ham-
pered by the small amount of material available from
early mouse embryos, which makes many types of
biochemical analysis such as the identification of
minor lamin components (Lehner et al. 1986) very
difficult in this system. We have demonstrated by
immunoprecipitation that the lamins present in early
blastomeres do not derive entirely from a store in the
egg. Lamin B was synthesized in 8-cell-stage embryos
and blastocysts whereas only lamin A was synthesized
in unfertilized eggs. We were not able to detect a
synthesis of lamin C from any of the stages studied.
This absence of signal for lamin C may be due either
to the insensitivity of this technique when limited by
the small amount of material available and the
necessary high stringency (0-5 % SDS) of our immu-
noprecipitation conditions or to an absence of syn-
thesis of this protein. We hope to be able to answer
this question at the RNA level by use of cDNA
probes. Nevertheless, it should be noted that the
observed change in relative synthesis of lamins A and
B coincides with the transition between transcription
from the maternal to zygotic genomes (Young et al.
1978; Levey et al. 1978).

Taken together, the results from our three
approaches indicate that the three adult mouse lamins
are expressed during early mouse development
although a lamin A variant is detected in oocytes. In a
previous work, an absence of immunofluorescent
staining for lamins A and C in morulae and blasto-
cysts was reported (Schatten et al. 1985). Using the
same polyclonal antibody as these authors, we ob-
tained a positive staining of the nuclear periphery at
all stages of early development with a variety of
different fixation procedures and different mouse
strains (see Materials and Methods and Fig. 1). Thus,
we concluded that this discrepancy is probably due to
differences in the handling of the embryos.

The results shown in this report indicate that there
are no major changes in the pattern of nuclear lamins
during mouse early development. This contrasts with
the situation in Xenopus, a developmental system
where the expression of lamins has been extensively
studied. In Xenopus oocytes, only one lamin (Lm) is
detectable, while somatic cells express two (L] and
Ln) or three (L,, Ln and Lni) lamins (Benaventeef a/.
1985; Krohne et al. 1981; Stick & Hausen, 1985).
During development, the amount of LIH decreases
gradually while L| appears at the midblastula tran-
sition and LM at the gastrula stage. During that
period, the Xenopus embryo cleaves very rapidly, the
cell cycle being very short (30 min) and reduced to a
succession of S and M phases (for review, see
Kirschner et al. 1985). The nuclear membrane has to
assemble and disassemble very rapidly and DNA
synthesis may occur during M phase (Newport &
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Kirschner, 1984; for review see Ford, 1985). In
Xenopus embryos, significant amounts of RNA syn-
thesis do not occur until the midblastula transition
(Kirschner et al. 1985). In contrast, the cell cycles of
the mouse embryo during cleavage are long (12-20 h)
and consist of the full succession of G,, S, G2 and M
phases (Howlett & Bolton, 1985; for review see
Johnson & Maro, 1987). In addition, the activation of
the embryonic genome takes place very early in
development, at the 2-cell stage (Young et al. 1978;
Levey et al. 1978). Since it has been shown that DNA
loops anchored to the nucleoskeleton are involved in
major nuclear functions (Jackson & Cook, 1985,
1986; Gasser & Laemmli, 1987), we suggest that the
existence of a different set of lamins during cleavage
stages in Xenopus may be correlated to the absence of
transcription and/or to the very short cell cycle time.
In contrast, transcription and replication in the cells
of cleaving mouse embryos and in somatic cells are
very similar and so major changes in the composition
of nuclear lamins may not be necessary.
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