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Monoclonal antibodies linked to paramagnetic immunobeads (Dynabeads) have
been used to investigate the distribution of lamin B3 in fractions of Xenopus egg
extracts. Lamin B3 behaved as if it were completely soluble and did not co-precipitate
with membrane fractions. Sperm pronuclei assembled in lamin depleted egg extracts
were compared to pronuclei assembled in mock depleted extracts by field emission
in-lens electron scanning microscopy (FEISEM). This technique revealed that the
surface structures of the nuclear envelopes, including nuclear pores, appeared to be
identical, indicating that lamin depletion does not affect nuclear envelope assembly.
One-dimensional and two-dimensional gel electrophoresis was used to analyze
soluble proteins co-precipitated with lamin B3 on Dynabeads. Our results indicate that
two major species (molecular mass: 105 kDa and 57 kDa) specifically co-precipitate
with lamin B3 as well as several minor species. At least three proteins which
co-precipitate with lamin B3 were identified as nuclear matrix proteins, Lamin B3 was
separated from these proteins and re-inoculated into lamin depleted extracts. This
resulted in partial rescue of both lamina assembly and DNA replication. These results
imply that lamin Bj is directly involved in the assembly of structures required for the
initiation of DNA replication,

The nuclear lamina is the major structural
component, which remains associated with nu-
clear envelopes following extraction with non-
ionic detergents and salt [1-3]. It is composed
of intermediate filament proteins of diameter
10 nm that, at least in amphibian oocytes, form
a regular basket-weave pattern over the entire
surface of interphase nuclei [4-6]. Two classes
of lamins have been identified in most em-

bryonic cells, termed A-type and B-type. These
differ both in their primary sequence [7, 8] and
in their behaviour at mitosis. Of the two lamin
species, B-type lamins are expressed constitu-
tively in most embryonic [9-12] and somatic
cells [9, 13], while expression of A-type lamins
is highly regulated during development, sug-
gesting that lamin status may be important for
cell differentiation [10, 14, 15]. Recently, interest

*This work was supported by grants from the Cancer Research Campaign.

1 Abbreviations: BSA, bovine serum albumin; FEISEM, field emission in-lens scanning electron microscopy;
LSS, cell-free extract of Xenopus eggs; MP1, membrane pellet fraction 1; MP2, residual membrane pellet
fraction; PBS, phosphate buffered saline; USS, cytosol fraction of Xenopus eggs extract.



134 H. Jenkins and others

1995

in the lamins has increased due to their identi-
fication as a major cellular substrate of the
universal celI cycle control protein kinase com-
plex p34=C <2 116-18]. As a result of reversible
phosphorylation by p34c -kinase, in higher
vertebrates, the lamina disassembles at mitosis
and reassembles at telophase [16, 18-21]. Fol-
lowing lamina disassembly, A-type lamins are
dispersed throughout the cytoplasm probably
as dimers, tetramers and oligomers, whereas
B-type lamins remain associated with small
vesicles that are presumed to be the remnants
of the nuclear envelope [22, 23].

Because of their position in interphase nuclei,
their behaviour at mitosis and the changes in
lamin composition during embryogenesis in
some species, lamins have been ascribed puta-
tive roles in nuclear envelope reassembly at
telophase [24-27], chromatin organization [28,
29] and in maintaining the structural integrity
of the nuclear envelope [30]. However, with the
exception of their role in nuclear envelope reas-
sembly there is little experimental evidence to
confirm or reject these hypotheses.

In cleavage embryos of the amphibian Xeno-
pus laevis, only a single lamin species, termed
lamin Ly, has been identified [15]. The primary
amino-acid sequence of this lamin identifies it
as a B-type lamin [31] but it differs from B-type
lamins in one important respect: it is freely
soluble in both meiotic and mitotic cytoplasms
of the egg and early embryo and is not associ-
ated with membrane vesicles [32, 33]. Because
of its unusual characteristics lamin Ly has been
renamed lamin B3 [7]. Cell-free extracts of Xeno-
pus eggs, prepared by centrifugation, support
nuclear assembly and DNA replication in vitro
[34-36]. Upon addition of a suitable DNA tem-
plate such as demembranated sperm heads,
pronuclei are assembled which then act as in-
dependent units of DNA replication [37]. The
initiation of DNA replication in in vitro assem-
bled nuclei is dependent upon the assembly of
a nuclear envelope and nuclear transport [38,
39, 40]. Replication forks are assembled in dis-
crete foci within these nuclei, each focus con-
taining up to 300 replication origins [41, 42].
Thus it is implied that a high degree of structu-
ral organization is required in order to initiate
DNA replication. Direct evidence for the invol-
vement of nuclear structures in DNA replica-
tion is derived from immunodepletion
experiments in which monoclonal or polyclo-

nal anti-lamin antibodies have been used to
either physically or functionally deplete ex-
tracts of lamin B3 [32, 43, 44]. Lamin depleted
extracts are capable of nuclear assembly [32]
and these nuclei, even though lacking a detect-
able lamina, are capable of nuclear transport
[43]. Nevertheless, “lamina deficient nuclei” do
not initiate DNA replication and do not accu-
mulate replication proteins such as prolif-
erating cell nuclear antigen (PCNA) at sites
which resemble replication foci [43, 44]. Thus it
appears that filamentous structures are essen-
tial for the formation of replication origins.

Despite this evidence we were concerned that
the failure of lamina deficient nuclei to replicate
DNA was an indirect consequence of lamin
depletion. In particular, a recent report has in-
dicated that novel lamin species are present in
Xenopus egg extracts which behave as integral
membrane proteins [45]. Therefore removal of
these lamins from the extracts may deplete spe-
cific membrane fractions and may result in co-
precipitation of other proteins which are
essential for DNA replication. To exclude this
possibility we have used one-dimensional and
two-dimensional gel electrophoresis to investi-
gate the protein complement of immunopre-
cipitates fromsoluble and insoluble fractions of
egg extracts. We report that, when paramag-
netic beads are used for immunodepletion,
lamin B3 does not co-precipitate with mem-
brane vesicles. However, a characteristic frac-
tion of soluble proteins does co-precipitate with
lamin B3 and at least three of these proteins are
nuclear matrix proteins. Separation of lamin B3
from these proteins has been achieved and this
purified lamin fraction is capable of rescuing
lamina assembly and DNA replication in lamin
depleted egg extracts.

MATERIALS AND METHODS

Preparation of cell-free extracts. Cell-free ex-
tracts of Xenopus eggs (LSS) were prepared as
described by Blow & Laskey [36]. The extracts
were supplemented with glycerol (5%, v/v)
and flash frozen in liquid nitrogen. Fraction-
ation of egg extracts was performed as follows:
4 ml of LSS was subjected to ultracentrifugation
at 200000 x g for 90 min at 4°C in a Beckman
TLS55 rotor. This separated the extract into
three layers. A gel containing ribosomes at the
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bottom of the tube was discarded. A membrane
pellet was collected just above this layer, sus-
pended in 4 ml MEB (500 mM KCl, 20 mM
B-glycerophosphate, 2 mM MgCl,, 1 mM
EGTA, 10 mM Hepes, pH 7.5, 0.5 M sucrose, 1
mM ATP, 5 pg/ml cytochalasin B, 10 uM
GTPS5, 10 pg/ml aprotinin). The suspension
was then subjected to centrifugation at 200000
x g for a further 60 min and a washed mem-
brane pellet was collected and suspended in
400 pl of MEB. This fraction was termed MP1.
The supernatant layer was collected above the
membrane pellet. This layer was either sub-
jected to centrifugation for a further 60 min at
200000 x g to produce USS or was diluted by
the addition of 4 volumes of MEB and then
subjected to centrifugation for 90 min at 200000
X g, A second membrane pellet was collected at
the end of this step and suspended in 400 pl of
MEB. This fraction was referred to as MP2.

Immunoprecipitation. Immunoprecipitation
was carried out essentially as described by Jen-
kins et al. [44]. The anti-lamin monoclonal anti-
body L6 5D5 was linked to paramagnetic
immunobeads (Dynabeads) by overnight incu-
bation. Dynabeads (50 pl} were then mixed
with 75 pl of LSS, USS, MP1 or MP2 for 40 min
at room temperature. The Dynabeads were
then recovered using a magnetic particle collec-
tor and suspended in phosphate buffered
saline (PBS, pH 7.4) containing 1 mg/ml BSA.
The Dynabeads were again recovered and then
resuspended in PBS/BSA. This procedure was
repeated three times but at the final step BSA
was omitted. After final recovery, the Dyna-
bead was suspended in 6 M urea (50 mM
Tris/HCl, pH 8.0, 5 mM dithiothreitol]. To ob-
tain partially purified lamin B3, Dynabead pel-
lets recovered from USS were washed with
high salt PBS (containing 0.5 M KCI) prior to
suspension in 6 M urea.

Gel electrophoresis. One-dimensional and
two-dimensional gel electrophoresis and im-
munoblotting were performed as described by
Jenkins ef al. [44].

Field emission in-lens electron scanning
microscopy (FEISEM). Samples were prepared
for FEISEM essentially as described by Gold-
berg & Allen [46]. Pronuclei were recovered
from extracts by centrifugation through 30%
sucrose cushions at 3000 x g and collected on
etched silicon chips. The nuclei were fixed in
2% glutaraldehyde, 0.2% tannic acid in 0.1 M

Hepes (pH 7.4) and then in 0.1% OsO4 and 1%
uranyl acetate for 10 min each. The samples
were then dehydrated repeatedly with ethanol
and finally dried from CO; via Arklone (ICI).
The dried samples were then sputter coated
with tantalum and viewed with a Topcon DS
130F field emission electron microscope at 30
kV accelerating voltage.

Fluorescence microscopy. Indirect immuno-
fluorescence microscopy was performed ac-
cording to Blow & Laskey [36].

Rescue experiments. Lamin depleted extract
was prepared according to the method of Jen-
kinsetal.[44]. The depleted extract (200 pl) was
then supplemented with 10 pl of partially puri-
fied lamin B3 (4 pug protein) and 10 pl of glyce-
rol. The mixture was then flash frozen in liquid
nitrogen for future use,

DNA replication assays. DNA replication
was assayed by [*’P}dCTP incorporation as de-
scribed by Blow & Laskey [36].

RESULTS

Removal of lamin B3 from egg extracts does not
deplete membrane fractions and does not affect
nuclear envelope assembly

To confirm and extend our earlier findings
[44] we wished to re-investigate the association
of lamin B3 with nuclear envelope precursor
fractions. Egg extracts were fractionated into
cytosol (USS), washed membrane pellets (MP1)
and residual membrane pellets (MI’2). Frac-
tions equivalent to 75 pl of LSS were incubated
with either L6 5D5 or the anti-nuclear envelope
antibody 1G4, linked to 50 pl of Dynabeads.
After recovery, the Dynabeads were washed
and then boiled in SDS sample buffer. The sam-
ples were resolved on 8% SDS/PAGE, trans-
ferred to nitrocellulose and blotted with L6 8A7
antibodies. More than 75% of total cytoplasmic
lamin B3 was precipitated after incubationof L6
5D5 Dynabeads in LSS (Fig. 1, lane 1). A similar
quantity of lamin B3 was precipitated after in-
cubation of L6 5D5 Dynabeads in USS (Fig. 1,
lane 4). In contrast, no lamin B3 was recovered
after incubation of L6 5D5 Dynabeads with
either MP1 (Fig. 1, lane 2) or MP2 (Fig. 1, lane
3). As expected, lamin B3 did not co-precipitate
with 1G4 Dynabeads after incubation with LSS
(lane5), USS (lane 8), MP1 (lane 6) or MP2 (lane
7). From these data we conclude that lamin B3
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Fig. 1. Western blot analysis of immunoprecipitates from fractions of Xenopus egg extracts.

Xenopus egg extracts were fractionated into LSS (lanes 1 and 5), USS (lanes 4 and 8), MP1 (lanes 2 and 6) and MP2 fractions
(lanes 3and 7). Each fraction, 75 ul, was mixed with 50 pi of either L6 5D5 Dynabead (lanes 1-4) or 50 pl of 1G4 Dynabead
(lanes 5-8; a monoclonal antibody reagent which detects an 84 kDa protein associated with nuclear envelope precursor
fractions). After recovery of the Dynabead and washing the samples were resolved on 8% SDS/PAGE, transferred to
nitrocellulose and blotted with L6 8A7 anti-lamin antibodies. Development was with ECL. The band migrating at 55 kDa
and the doublet migrating at 22-23 kDa is IgG heavy and light chains.

is not recovered from insoluble fractions of egg
cytoplasm and does not co-precipitate with nu-
clear envelope precursor fractions when these
are removed from LSS. Thus it seems unlikely
that immunodepletion, with L6 5D5 Dyna-
beads, removes essential membrane precursor
fractions from Xenopus egg extracts.

To confirm thatlamin B3 depletion of LSS with
L6 5D5 Dynabeads does not affect nuclear en-
velope assembly we went on to perform FIE-
SEM on sperm pronuclei assembled in these
extracts. This technique has previously been
used to describe the fine structure of the cocyte
germinal vesicle envelopes [45]. Here, surface
views of pronuclei recovered from depleted
and mock depleted LSS were obtained. Whole
pronuclei are compared in Fig. 2 (panel C, D are
control pronucleus and panel A, B are pronuclei
recovered from a lamin depleted extract). Con-
trol pronuclei were more rounded and larger
than pronuclei recovered from lamin depleted
extracts. The size and morphology of pronuclei
recovered from lamin depleted extracts is typi-
cal of pronuclei at a pre-initiation stage in un-
depleted extracts (Hutchison et al. [47]). Since
larger pronuclei were never recovered from
lamin depleted extracts, we infer that as in
previous studies lamin depletion prevents nu-
clear envelope growth. The morphology and
density of nuclear pores in each pronucleus is

very similar (Fig. 2, panels C and D). Indeed,
high power views reveal a similar sub-unit ar-
rangement of outer pore granules in each nu-
cleus and in each instance spokes can be seen
within some of the pores (Fig. 3). These results
support our previous findings that nuclear
transport is not impaired in pronuclei assem-
bled in lamin depleted extracts [43]. Further-
more, the data imply a high degree of structural
integrity in the nuclear envelope of pronuclei
assembled in lamin depleted extracts.

Several nuclear matrix proteins co-precipitate
with lamin B3 on L6 5D5 Dynabeads

Since pronuclei assembled in lamin depleted
extracts appear to assemble a complete nuclear
envelope, we went on to investigate proteins
which specifically co-precipitated with lamin
Bj. LSS, 75 pl (Fig. 4, lanes 1 and 3) or USS, 75
ul (Fig. 4, lanes 2 and 4) were incubated with 50
u of L6 5D5 Dynabead (Fig,. 4, lanes 3 and 4) or
50 pl of Dynabead conjugated to an irrelevant
mouse [gG (Fig. 4, lanes 1 and 2). Each Dyna-
bead pellet was recovered, washed extensively
and then boiled in SDS sample buffer. The sam-
ples were resolved on 8% SDS/PAGE and
stained with Coomassie brilliant blue. Three
major bands appeared in each of lanes 3 and 4
which were absent from lanes 1 and 2 (large
arrow heads). The slowest migrating band had
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Fig. 2. Field emission in-lens scanning microscopy of pronuclei recovered from lamin depleted (A and B) and

control extracts (C and D).

Pronuclei were isolated from extracts by centrifugation through sucrose cushions and fixed onto silicon chips. The nuclei
were then viewed using FEISEM. Scale bars are T pm. A and C show whole nuclei. B and D show close up views of the

same nuclei to illustrate nuclear pore density.

a molecular mass of 105 kDa. The middle band
had a molecular mass of 82 kDa and was ident-
ified by immunoblotting as lamin Bj (not
shown). The fastest migrating band had a mole-
cular mass of 57 kDa. Other minor bands in the
molecular mass range 80-106 kDa were also
evident in lanes 3 and 4 but were again absent
from lanes 1 and 2. The protein profiles of im-
munoprecipitates from LSS was reproducibly
identical to profiles obtained from USS, again
indicating that additional (membrane bound)
material did not co-precipitate with Lé 5D5
Dynabeads after incubation in LSS.

Since several protein species specifically co-
precipitated with lamin B3 we wished to com-
pare these proteins to nuclear matrix proteins.
Nuclear matrix fractions were prepared as de-
scribed previously [44]. L6 5D5 Dynabeads (50

ul) wereincubated with 75 pl of USS, recovered,
washed extensively and then suspended in6 M
urea. Each sample was resolved on isoelectric
focusing (IEF) tube gels followed by 8%
SDS/PAGE. The gels were then either silver
stained (Fig. 5, panels A and B) or samples were
transferred to nitrocellulose and immuno-
blotted with L6 8A7 antibody (panel C). Lamin
B3 recovered from Dynabeads migrated as
three spots each with a molecular mass of 82
kDa (panels B and C, small arrow head). One
species migrated at a neutral pH while the
other two species migrated at a slightly basic
pH. Identical species were recovered in nuclear
matrix fractions (panel A, small arrow head).
Thelarge spot migrating with a molecular mass
of 45 kDa and at a neutral pH in both panels A
and B is actin. The doublet migrating at 84 kDa
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Fig. 3. High power view of the structure of nuclear pores in a lamina deficient nucleus.

Note that in some pores spokes are clearly visible. Scale bar = 50 nm.

and at a slightly acidic pH and the spot migrat-
ing at 105 kDa and at a neutral pH (both indi-
cated with large arrow heads in panels A and
B) are the only species which co-precipitate
with lamin Bz on Dynabeads and which can
with certainty be identified as nuclear matrix
proteins.

Immunoisolated lamin B3 rescues lamina as-
sembly and DNA replication in lamin-depleted
LSS

Since several protein species co-precipitated
with lamin B3 on Dynabeads we wished to
investigate the influence of these proteins on
nuclear assembly and DNA replication. To do
this we partially purified immunoisolated
lamin B3 and then tested the capacity of this
fraction to rescue DNA replication in lamin
depleted LSS. L6 5D5 antibody was cross-
linked to Dynabeads with dimethyl pimelimid-

ate. L6 5D5 Dynabead, 1 ml, was then used to
remove lamin B3 from 1.5 ml of USS. After
recovery the Dynabead was washed with 1ml
of PBS followed by 1 ml of high salt PBS. The
lamin was then eluted from the Dynabead with
100 pl of 6 M urea. 80 pg of the material was
recovered and this was analyzed by two-
dimensional gel electrophoresis and silver
staining. The fraction was found to contain two
major protein species, lamin B; and actin (Fig,
5, panel D). Next the fraction was dialysed in
500 mM KClI buffer and then used to supple-
ment lamin depleted LSS. Pronuclear assembly
in mock-depleted LSS, lamin depleted LSS and
lamin depleted LSS which had been sup-
plemented with partially purified lamin B3 was
investigated by indirect immunofluorescence.
Pronuclei assembled in mock-depleted LSS
were typically 15-20 pm in diameter, had chro-
matin arranged as distinct fibrils and possessed
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Fig. 4. SDS/PAGE analysis of proteins which co-

precipitate with lamin B3 on Dynabeads.

1SS, 75 ul, (lanes T and 3) or USS (lanes 2 and 4) were
incubated with 50 pl of either L6 5D5 Dynabeads (lanes 3
and 4) or an irrelevant mouse IgG linked to Dynabeads
(lanes 1 and 2). Dynabeads were recovered, washed and
solubilised in SIDS sample buffer. Samples were resolved
on 8% SDS/PAGE and stained with Coomassie brilliant
blue. Molecular mass markers (small arrow heads) are 106
kDa, 80 kDa, 49.5 kDa and 32.5 kDa.

an extensive lamina (Fig. 6A and B). In contrast,
pronuclei assembled in lamin depleted extracts
were only 7-10 pm in diameter, had a uniform
distribution of chromatin and did not possess
a lamina (Fig. 6C and D). However, when sup-
plemented with partially purified lamin Bg,
large pronuclei (diameter 15-20 pm) with fi-
brous chromatin and an extensive lamina (Fig.
6E and F) were assembled in lamin depleted
extracts.

To test whether DN A replication had occurred
in the extracts, the extracts were supplemented
with [*?PJdCTP. Pronuclei assembled in the ex-
tracts were labelled for a 3 h period, recovered
and solubilized in SDS. After digestion with
proteinase K, the samples were resolved on a
0.8% agarose gel. The gels were dried under
vacuum and autoradiographed. Quantification
was achieved by densitometric analysis of the
autoradiographs and the results expressed as a

Fig. 5. Two-dimensional gel electrophoresis of the

eluates from Dynabeads.

USS, 75 pl, was lamin depleted with 50 ul of L6 5D5
Dynabead. Fractions were either washed and suspended
in sample buffer (B and C} or washed sequentially with
PBS, followed by high salt PBS before suspension in
sample buffer (D). They were either silver stained (A, B
and D) or Western blotted and probed with L6 8A7 anti-
bodies (C). Panel A shows a nuclear matrix fraction pre-
pared from 2 x 10° sperm pronuclei.

s A . % % : ;':
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Fig. 6. Indirect immunofluorescence microscopy of lamina assembly.

Sperm pronuclei were assembled inmock-depleted extracts (A and B)lamin depleted extracts (C and D) orlamin depleted
extracts supplemented with partially purified lamin B3 (E and F). Pronuclei were fixed with ethylene glycol-bis-succinic
acid (EGS) and recovered onto glass coverslips. The nuclei were co-stained with DAPI (to reveal the distribution of
chromatin; A, C and E} and L6 5D5 antibody followed by FITC goat anti-mouse Ig (see [47]) (to reveal the distribution

of lamins; B, D and F). Scale bar = 10 um.

percentage of the controls (undepleted ex-
tracts). Incorporation of [*?P]JdCTPinto DNA in
mock depleted extracts was only 80% of control
levels. However, in lamin depleted extracts in-

corporation of [é2P]dCTP was < 5% of control

levels. In contrast, after supplementing with
partially purified lamin Bj, the capacity of
lamin depleted extracts to replicate DNA in-
creased to 56% of control levels (Fig. 7).
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Fig. 7. DNA replication in lamin depleted extracts.
Undepleted extract (UND), mock-depleted extracts
(MOCK]}, lamin depleted extracts (DEP) or lamin depleted
extracts supplemented with partially purified lamin Ba
(RESC) were inoculated with demembranated sperm
heads and incubated with [**PIdCTP. After 3 h samples
were prepared for agarose gel electrophoresis. The gels
were then washed and dried before autoradiography.
Densitometric analysis of autoradiographs was per-
formed with a Biolmager. The level of DNA replicationin
each depleted extract was expressed as a percentage of the
undepleted extract.

DISCUSSION

The data presented above indicate that in
Xenopus egg extracts, lamin B3z behaves as a
cytosolic protein which does not associate with
nuclear envelope precursors. This data is con-
sistent with some reports [15, 33] but contra-
dicts one other report of Lourim & Krohne [45].
Since we have used identical monoclonal anti-
body reagents to the ones used by Stick and
co-workers [15, 33] it is hardly surprising that
our result concur. However, the differences be-
tween our results and those reported by
Lourim and Krohne [45] cannot be explained
by different antibody reagents since L6 5D5 will
detect and precipitate membrane associated
lamin Bs [33]. Furthermore, immunodepletion
of extracts with L6 5D5 removes all detectable
lamin [44]. Despite this, FEISEM indicates that
the morphology of the nuclear envelope and
nuclear pores is identical in control and lamina
deficient sperm pronuclei. Therefore, it seems
likely that lamin depletion does not affect nu-
clear envelope assembly in egg extracts.

Consistent with this view, the range of pro-
teins which co-precipitate with lamins on Dy-

nabeads is identical in LSS and USS fractions.
Furthermore, at least three of these proteins can
be identified as nuclear matrix proteins. Pre-
vious work has revealed that all three proteins
are accumulated in lamina deficient nuclei and
are insoluble [43]. In addition, actin is also pres-
ent in nuclear matrices prepared from lamina
deficient nuclei. The consistent association of
the majority of nuclear matrix proteins with
lamina deficient nuclei indicates that lamin de-
pletion is responsible for the failure of these
nuclei to replicate DNA. This view is strongly
supported by the observation that a partially
purified fraction containing lamin Bz and actin
rescues lamina assembly and DNA replication
in lamin depleted extracts.

Why do lamina deficient nuclei fail to repli-
cate DNA? Previous studies have indicated
that the majority of replication foci in in vitro
assembled nuclei are not associated with the
envelope [41]. However, more recent work
suggests that groups of replication foci are
organized around individual chromosomes
[42]. Since each chromosome is linked to the
nuclear envelope through the lamina, there is
an indirect link between replication foci and
lamins, _

The association of lamin B3 with three nuclear
matrix proteins in immunoprecipitates sug-
gests an alternative explanation for the inability
of lamina deficient nuclei to replicate DNA.
Perhaps these protein-protein interactions re-
flect an association between two different fila-
ment forming proteins. Resinless section E. M.
has indicated that in nucleoskeleton prepara-
tions from HelLa cells, nucleoplasmic filaments
abut the lamina [48]. If the lamina is required
for correct assembly of nucleoplasmic fila-
ments, then in the absence of a lamina the nu-
cleoplasmic filaments may be disorganized or
absent. Nucleoplasmic filaments provide direct
support for replication factories [48]. Thus
failure to assemble nucleoplasmic filaments
would probably prevent the formation of repli-
cation factories.

The authors are grateful to Dr. Riemer Stick
for the supply of monoclonal antibodies L6 5D5
and L6 BA7.
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