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Abstract. The oocyte nucleus of Pleurodeles waltlii
contains a major 32,000-mol-wt acidic protein which
is called nucleoplasmin. Rabbit antibodies were raised
against total nuclear proteins from Pleurodeles oo-
cytes. Affinity-purified antibodies directed against
nucleoplasmin were prepared using antigens bound to
nitrocellulose paper. The specificity of the antibody
was controlled on two-dimensional electrophoretic gels
of nuclear proteins. The intranuclear distribution of
nucleoplasmin was analyzed by indirect immuno-
fluorescence and the immunogold technique in light
and electron microscopy. The antibody was tested (a)
on a spread of the nuclear content prepared in the
presence of calcium, (b) on the nuclear content spread

in the presence of phalloidin so that an actin network
appeared, and (c¢) on a spread of nuclei from oocytes
previously treated by actinomycin D. In all cases,
nucleoplasmin appeared to be localized on the lamp-
brush loops, i.e., on the sites of transcription and,
more specifically, on the ribonucleoprotein (RNP)
particles; this protein was also associated with the
RNP patrticles of the nuclear sap (free or inserted in
the actin network). Nucleoplasmin was localized on
large RNP particles that appeared when transcription
was blocked. We never found this protein on the chro-
mosome axis. These results suggest that nucleoplasmin
may play a role in transcriptional activity.

dant in the amphibian oocyte. Its concentration in

the soluble phase of the Xenopus oocyte is 10% (18,
24) and 17% for the Pleurodeles waltlii oocyte nucleus (7).
This karyophilic protein has a molecular weight of ~32,000
with slight variations in different amphibian species; it is
acidic and its isoelectric pH value covers a broad range from
4.510 5.3 (18, 19). Nucleoplasmin is also phosphorylated (18,
19) and thermostable (24).

This protein rapidly enters the nucleus after being injected
into oocyte cytoplasm (24). In vitro, it may promote nucleo-
some assembly from purified histones and DNA (23); it may
also have a role in maintaining an ionic environment con-
ducive to chromatin assembly (9). In the living cell, at least
a part of nucleoplasmin is found associated in a large com-
plex (7S) containing four kinds of histones: H2A, H2B, H3,
H4 (16). Previous reports on the localization of nucleoplas-
min have been performed on sections of ovary either by io-
dinated protein (24) or by immunological probes observed
with the light microscope. In the latter case, nucleoplasmin
did not seem to be associated with nuclear structures con-
taining DNA: nucleoli and lampbrush chromosomes (18, 19,
24).

In the present study, we describe the localization of this
protein on the spread contents of nuclei of oocytes of the am-
phibian Pleurodeles waltlii using the light and electron mi-
croscope in normal and in actinomycin D-treated cells. The

NUCLEOPLASMIN is a nuclear protein, the most abun-
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involvement of nucleoplasmin in transcriptional activity and
in transport of transcription products is discussed.

Materials and Methods

Animal and Tissues

Full grown oocytes were isolated from Pleurodeles waltlii (Amphibia, Uro-
dela) and from Xenopus laevis raised in our laboratory.

Preparation of an Oocyte Fraction Enriched
in Nucleoplasmin

Ovary was prepared as described by Laskey et al. (23); the 145,000 g super-
natant was made up to 55% in (NH,),SO., stored overnight at 4°C, and
centrifuged at 100,000 g for 30 min. The pellet was discarded and the super-
natant was dialyzed 12 h against 20 mM Tris-HCl (pH 7.5) containing
120 mM KCl, 2 mM MgCl,. This fraction was then treated by heat as de-
scribed by Laskey et al. (23) in order to obtain one major thermostable poly-
peptide corresponding to nucleoplasmin.

Isolation of Nuclei

Oocyte nuclei were isolated for a lapse of time of 20 s (per nucleus) manu-
ally in a physiological medium (buffer A): 10 mM Tris-HCl (pH 7.2) con-
taining 75 mM KCl, 25 mM NaCl, 1 mM MgCl; and 5 x 10~ mM CaCl,
(5, ).

Nuclei used for immunization were kept in a minimum of buffer A at
4°C. Nuclei used for electrophoresis of nuclear proteins were transferred
in 20 mM Tris-HCI (pH 7.4) containing 10 mM MgCl,, absolute ethanol
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(3:7; vol/vol) and then kept in 20 mM Tris-HCI (pH 7.4), ethanol, glycerol
(1:4.5:4.5; vol/vol/vol).

Spread Nuclear Preparation

For preparing spreads of nuclear content, manually isolated nuclei were
transferred to an observation chamber in buffer A, then opened with a nee-
dle and tweezers. The nuclear content was allowed to disperse at 4°C. The
observation chambers were centrifuged for 30 min at 2,200 g as already de-
scribed by Old et al. (27). After centrifugation, the lampbrush chromo-
somes were briefly fixed (15 min) by 70% ethanol and kept in phosphate-
buffered saline (PBS) (pH 7.4) containing 137 mM NaCl, 2.7 mM KCl,
7 mM Na,HPO,, and 1.5 mM KH,PO,.

To minimize the loss of the proteins, the time of preparation of the nu-
clear spread until the fixation stage was as short as possible.

When treated by phalloidin, the nucleus was ruptured in an observation
chamber containing 107* M of the drug and then processed as described
above.

Electron Microscopy on Thin Sections

Lampbrush chromosomes prepared as described above were briefly fixed
in a solution of 0.01 M phosphate (pH 7.2) containing 1% glutaraldehyde
(vol/vol), postfixed in a solution of 1% OSOx, and dehydrated by ethanol.
Coverslip preparations were flat-embedded in araldite according to Gounon
and Karsenti (12). After polymerization (60°C, 48 h), the coverslips were
removed by freezing in liquid nitrogen. Thin sections were stained in a solu-
tion of uranyl acetate in 50% ethanol, then in lead citrate. They were exam-
ined in a Philips 201 operating at 80 kV.

Gel Electrophoresis

One-dimensional SDS polyacrylamide 10% gel electrophoresis was per-
formed as described by Laemmli (22). Two-dimensional electrophoresis
was performed with equilibrium pH gradient electrophoresis (26) using am-
pholines pH 3-11 in the first dimension, followed, in the second dimension,
by electrophoresis on an SDS 10-15% polyacrylamide slab gel gradient
(22). Gels were stained with Coomassie Blue or by the silver nitrate staining
method of Morrissey (25).

Nuclear Protein Antisera

Rabbits were injected twice in the muscle of the thigh at a 20-d interval with
100 nuclei in complete Freund’s adjuvant, followed 2 mo later by a booster
injection.

Actin antiserum was prepared as previously described (12).

Ribonucleoprotein (RNP) Antisera

RNP! antibody titers of sera obtained from patients with systemic lupus
erythematosus and other related disorders termed “mixed connective tissue
disease” were determined by passive hemagglutination as described by Tan
and Peebles (31). Several sera with anti-RNP specificities were obtained
from Dr. R. Lahita (The Rockefeller University, New York) and are similar
to those described by Conner et al. (6). It has been known for some time
that antigens recognized by these antibodies are present in the nuclei of a
wide variety of cells (30). We used this property to find a serum which
cross-reacts with RNP of amphibians. The sera were tested on isolated
nuclei of Xenopus or Pleurodeles as described previously for actin antibod-
ies (12). Those that stained RNP aggregates (for description, see Gounon
and Karsenti [12]) were kept for further studies. The antigens were detected
by antibody binding on blots. Nuclei of Pleurodeles oocytes prepared manu-
ally were analyzed on 10% SDS polyacrylamide gels. The proteins were
then transferred onto nitrocellulose sheets by diffusion and the detection of
antigens on blots by antisera was carried out according to Towbin et al. (32)
using peroxidase-conjugated antibodies and 4 chloro-1-naphthol as sub-
strate. The M. J. serum presented in this paper stains a 54,000-mol-wt pro-
tein that is one of the major polypeptides found in the RNP of amphibian
oocytes (for further details, see Kloetzel et al. [17]).

Affinity Purification

Monospecific antibodies were purified according to Olmsted (28) and
Krohne et al. (20), slightly modified as follows. The nuclear proteins from

1. Abbreviation used in this paper: RNP, ribonucleoprotein.
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thirty nuclei were separated by two-dimensional electrophoresis. They were
transferred onto nitrocellulose sheets at 500 mA for 2 h in 25 mM Tris,
0.192 M glycine. The nitrocellulose sheet was stained with 0.2% Ponceau
red in 0.3% trichloroacetic acid (TCA), then destained in 0.3% TCA. The
spot corresponding to nucleoplasmin was cut out and incubated for 1 h at
40°C in PBS containing 1% bovine serum albumin (BSA). Ten spots were
collected corresponding to 300 nuclei. The nitrocellulose was then treated
with the antiserum as described by Krohne et al. (20).

Immunoblotting

The one-dimensional electrophoretically separated polypeptides were trans-
ferred by diffusion (2) for 24 h. The polypeptides separated by two-dimen-
sional electrophoresis were blotted at 500 mA for 2 h in 25 mM Tris,
0.192 M glycine. The nitrocellulose sheet was incubated for 1 h in 3% BSA
in PBS at 40°C, followed by 45 min at room temperature with the affinity-
purified nucleoplasmin antibody and then washed, with several changes,
with 1% PBS-Tween 20. Peroxidase-conjugated sheep anti-rabbit IgG (In-
stitut Pasteur Production) was added for 45 min. After several washes in
1% PBS-Tween 20, the peroxidase activity was revealed using 4-chloro-1-
naphthol as substrate.

Immunoprecipitation Experiments

One hundred nuclei were collected in 1 ml PBS, 2 mM PMSF. After sonica-
tion, they were centrifuged at 100,000 g (30 min, 4°C). The supernatant was
incubated with the purified antibodies at a 1:10 dilution for 16 h at 4°C. Anti-
gen-antibody complexes were recovered after incubation of the sample with
60 ul (packed bead volume) of protein A conjugated with Sepharose 4B
(Pharmacia Fine Chemical AB, Uppsala, Sweden). After incubation for 2 h
with agitation, the immunoadsorbent beads were washed five times with
PBS. The immunoprecipitated proteins were eluted from the immunoadsor-
bent by incubating the Sepharose beads for 5 min at 100°C in Laemmli
buffer. The solution recovered from this last step was analyzed directly on
an SDS gel.

Immunofluorescence Microscopy

The preparations of lampbrush chromosomes, prepared as described above,
were incubated with affinity-purified nucleoplasmin antibody in PBS at
room temperature for 30 min, then washed, with several changes, with PBS.
Fluorescein isothiocyanate-conjugated goat anti-rabbit IgG (Miles Sci-
entific, Paris), used at a dilution of 100:1, was added for another 30 min.
After several changes in PBS, the coverslips covered with chromosomes
were removed and mounted in Mowiol.

The anti-RNP serum was applied at a dilution of 500:1. Rhodamine-
conjugated goat anti-human IgG (Miles Scientific) was used at a dilution
of 100:]1 as the second antibody.

Immunogold Staining

For nucleoplasmin immunolocalization in electron microscopy, the anti-
body-binding procedure was identical to that used for immunofluorescence
microscopy, except that 20-nm gold particle-labeled goat anti-rabbit IgG
was used instead of the fluorescein isothiocyanate-conjugated antibody. Af-
ter the antibody-binding step, chromosome preparations were flat embedded
in araldite and thin section cut as described above.

Immunocytochemistry

Pieces of ovary were fixed at —20°C with Romeis fixative (25 m} saturated
mercuric chloride, 20 ml trichloroacetic acid, 15 ml 37% formaldehyde) for
2 h. They were transferred to 100% ethanol for 2 h with one change and
then to 50% and 100% polyester wax (13). Sections were overlaid with 1%
PBS-BSA for 10 min, followed by the purified antibody for 30 min; they
were then washed three times in PBS. Treatment with fluorescein isothio-
cyanate-conjugated goat anti-rabbit IgG was as described above.

Results
Obtaining of a Monospecific Antibody

An antiserum directed against nuclear proteins was used to
prepare affinity-purified antibodies directed against the ma-
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Figure 1. SDS PAGE of total nuclear proteins from Pleurodeles oo-
cytes and 100,000 g fractions of ovary and enucleated oocytes (lanes
a, b, d, and f, Coomassie Blue) and antibody reactions on polypep-
tide blots obtained therefrom (lanes c, e, and g). (Lane a) Fraction
100,000 g from 10 oocytes manually enucleated; (lane b) fraction
100,000 g from whole ovary; (lane ¢) reaction of purified nucleo-
plasmin antibody with the fraction 100,000 g of whole ovary; (lane
d) 15 whole nuclei; (lane €) reaction of purified nucleoplasmin anti-
body with proteins of whole nuclei; (lane f) fraction enriched in
nucleoplasmin; (lane g) reaction of purified nucleoplasmin anti-
body with the fraction enriched in nucleoplasmin. The proteins of
the enucleated extract (lane a) shows no reaction with the antibody.
The arrows indicate the position of nucleoplasmin. Molecular
weight designations at left are X 10°.

jor 32,000-mol-wt polypeptide of the oocyte nucleus; i.e.,
the nucleoplasmin. To obtain highly purified protein and to
be sure that only one polypeptide would be used in the
purification procedure, we separated nuclear proteins by
two-dimensional electrophoresis. After the transfer proce-
dure, the staining of the transferred proteins allowed us to cut
out the spot corresponding to nucleoplasmin (easily recog-
nizable by its position and aspect). Ten spots were collected,
corresponding to the nucleoplasmin of 300 nuclei. The pro-
tein was incubated with the antiserum, and the antigen-anti-
body reaction was followed by rigorous washes; then the an-
tibody was separated from the protein, tested to be sure of
its quality, and used for immunolocalization.

Specificity of the Antigen-Antibody Reaction

The monospecific antibody was characterized by its binding
to electrophoretically separated and blotted polypeptides.
We examined binding to (a) the 100,000 g fraction of whole
ovary homogenized in PBS; (b) the 100,000 g fraction of the
oocyte manually enucleated and homogenized in PBS; (c)
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whole oocyte nuclei manually isolated; and (d) a 140,000 g
oocyte fraction enriched with nucleoplasmin (Fig. 1).

The reaction was positive with only one 32,000-mol-wt
polypeptide. This polypeptide was present (a) in the whole
ovary, (b) in the nucleus, and (c) in the 140,000 g oocyte frac-
tion enriched with nucleoplasmin (Fig. 1); it was absent from
the enucleated oocyte. When the affinity-purified nucleoplas-
min antibody was pretreated with the 140,000 g oocyte frac-
tion enriched with nucleoplasmin, there was a negative reac-
tion for each of the four cases described above (not shown).

The antibody was tested on nuclear polypeptides separated
by two-dimensional electrophoresis (Fig. 2 a). Only one spot
was positive, corresponding to nucleoplasmin (Fig. 2 b). The
purity of the antibody preparation was also tested by im-
munoprecipitation experiments described in Materials and
Methods. The protein precipitated by the antibody was ana-
lyzed on one-dimensional electrophoresis and stained by the
silver nitrate staining method (Fig. 3). We observed a single
32,000-mol-wt band.
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Figure 2. (a) Two-dimensional gel electrophoresis of 30 nuclei
manually isolated from oocytes of Pleurodeles waltlii (silver stain-
ing). Position of nucleoplasmin is denoted by arrowhead. Molecu-
lar weight designations at left are X 10°. (b) Corresponding im-
munoblot after incubation with purified nucleoplasmin antibody.
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Figure 3. SDS PAGE of proteins recovered by im-
munoprecipitation experiments (silver staining).
The 100,000 g supernatant of 100 nuclei was in-
cubated with the purified nucleoplasmin antibody.
The immunoprecipitated proteins were separated by
SDS PAGE. N, nucleoplasmin.

Species Specificity

Ovaries of Pleurodeles and of Xenopus were fixed in Romeis
fixative and embedded in polyester wax, as described in
Materials and Methods. The sections were treated with the
Pleurodeles nucleoplasmin antibody and revealed by fluores-
cence. The reaction was positive for Pleurodeles and nega-
tive for Xenopus (Fig. 4, a-d). In the case of Pleurodeles,
the fluorescence was strictly confined to the nucleus and dis-
tributed throughout the nucleoplasm, but some structures,
the lampbrush chromosomes and the nucleoli, appeared to
be strongly stained (Fig. 4, b and f).

The purification technique we used thus allowed us, by
means of a polypeptide separated on two-dimensional elec-
trophoresis, to extract a monospecific antibody directed
against Pleurodeles nucleoplasmin from an antiserum.

Interaction of Nucleoplasmin with Nuclear Elements

The Lampbrush Chromosomes and Nucleoli. We have de-
scribed above the association of nucleoplasmin with lamp-
brush chromosomes and nucleoli on histological sections of
ovary. To determine the exact location of the protein on such
structures, immunolocalization was carried out on spread
nuclei observed with both the light and electron micro-
scopes.

When spread in the presence of calcium, the nuclear con-
tent was fluid and contained many particles, such as nucleoli
and RNP particles, surrounding lampbrush chromosomes
with large loops. The loops extended laterally from the chro-
mosome axis. The chromatin of the axis was in a condensed
state (chromomeres), whereas that of the loops was in a
decondensed state and was the site of intense transcriptional
activity. The axis of the loops was embedded in an RNP ma-
trix composed of nascent RNA chains associated with pro-
teins. Alongside the numerous normal loops (3, 4), some
loops had a particular feature due to the morphology of their
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matrix; these were used as landmarks to identify some biva-
lents (21).

In this type of preparation, observed by immunofluores-
cence with the light microscope, nucleoplasmin antibody la-
beled normal and landmark loops of the chromosome and the
nucleoli (Fig. 5). The chromosome axis was masked by the
loop insertions, so that the chromomeres appeared to be la-
beled, but the resolution level did not allow us to confirm
this.

At the ultrastructural level, on thin sections of the chro-
mosomal area after immunogold staining, the antibody ap-
peared only on loops of the chromosome, and chromomeres
were never labeled (Fig. 6). The loops were labeled over
their entire length. The protein appeared to be associated

e —

Figure 4. Indirect immunofluorescence microscopy on sections
through Pleurodeles ovary (b and f) and Xenopus ovary (d) using
the purified nucleoplasmin antibody, and corresponding phase-
contrast micrographs (g, ¢, and ¢). The nucleus of the Pleurodeles
oocyte shows a strong fluorescence (b and f). Note the particular
staining of the lampbrush chromosomes (arrows) and of the
nucleoli (arrowhead). The nucleus of the Xenopus oocyte is not
stained (d). Bar, 100 um.
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Figure 5. Immunofluorescence labeling of a part of a bivalent from
Pleurodeles by purified nucleoplasmin antibody. All normal loops
are stained, as are landmark loops (arrowhead). In the nuclear sap
surrounding the chromosomes, numerous particles are stained, as
are nucleoli (N). Bar, 20 pm. o

with RNP particles of the loops. For the globular loops (Fig.
7) homogeneous labeling of all globules was noted.

Nucleoskeleton and RNP Particles of the Nuclear Sap.
To more easily observe the nucleoskeleton, we used phal-
loidin, a drug which stabilizes F-actin in vivo and in vitro.
Under these conditions, the nuclear sap appeared to consist
of a network of intricate fibrils covered with granular mate-
rial. This network was composed mainly of actin cables, as
clearly shown by staining with anti-actin antibodies (12). In
addition, many individual microfilaments and particles, the
size of which varied from 20 to 300 nm, were observed.
These particles disappeared when the preparations were
treated by RNAse (Gounon, P., personal communication)
and were labeled with an anti-RNP antibody (see below),
strongly suggesting their RNP nature.

We applied the immunogold technique using nucleoplas-
min antibody to thin sections of this nuclear network. The
gold particles were localized on RNP aggregates inside and
outside of the actin cables, while unlabeled microfilaments
were observed (Fig. 8).

These results were therefore in agreement with the hypoth-
esis of an association of nucleoplasmin with the nascent tran-
scription products of the loops.

Moreau et al. Immunolocalization of Nucleoplasmin in Oocyte

Figure 6. Binding of nucleoplasmin antibody to lampbrush chromo-
some as revealed by immunogold staining. Electron micrograph of
one thin-sectioned bivalent. An intense labeling with 20-nm gold
particles is observed all along the loops. The axis of the chromo-
some (A) is not labeled. Bar, 1 um.

i

Figure 7. Immunogold staining of globular loop using nucleoplas-
min antibody. Electron micrograph of one thin-sectioned globular
loop. The labeling with 20-nm gold particles is observed on each
granule of the loop. The axis of the chromosome is unlabeled. Bar,
1 ym.
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Figure 8. Immunogold labeling of the nuclear network using
nucleoplasmin antibody. Electron micrograph of nuclear network
obtained in the presence of phalloidin, thin sectioned. The labeling
with 20-nm gold particles is localized on RNP particles distributed
inside (/) or outside (O) the actin cables (arrowheads). Bare fila-
ments are observed (arrows). Bar, 1 pm.

Immunolocalization When Transcription
Was Inhibited

Full-grown oocytes were incubated for 24 h at 19°C in TC-
199 medium (Flobio) 20% diluted, containing 10 pg/ml ac-
tinomycin D. In this case, all lateral loops retracted; this
retraction was accompanied by extensive foreshortening of
the chromosomal axis. Some globular loops seemed to be
less sensitive to the drug; their retraction was slow and was
always the last to occur. Thus there existed a phase character-
ized by the disappearance of the normal loops, except for
some residual structures, and the persistence of globular
loops. In these persisting globular loops, or residual loop
structures, transcription images could be observed (Penrad-
Mobayed, M., E. N'Da, and N. Angelier, manuscript in
preparation). We used this state of retraction in our experi-
ments.

In the nuclear sap, a meshwork developed which was
denser than in the control. This meshwork was composed of
actin and was analogous to that obtained with phalloidin
(29). The density of RNP particles increased, and a striking
heterogeneity in their size was observed; in particular, nu-
merous large particles 200 nm in diameter appeared.

Thin sections of the chromosomal area pretreated with ac-
tinomycin D were incubated with nucleoplasmin antibody
and immunogold stained (Fig. 9). The labeling was localized
exclusively on the residual structures of loops, and on glob-
ules of persisting globular loops. The chromosomal axis was
never labeled.
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Figure 9 Binding of nucleopiasmin antibody to lampbrush chromo-
somes after inhibition of transcription, as revealed by immunogold
staining. Electron micrograph of one thin-sectioned bivalent. The
labeling is only observed on residual loops (arrows). The foreshort-
ened chromosome axis is unlabeled. Bar, 1 pum.

To specify the nature of the particles that appeared in the
nuclear sap and their possible relation to nucleoplasmin, we
carried out, on the same preparation of nuclear content, a
double-labeling with anti-nucleoplasmin and anti-RNP an-
tibodies with immunofluorescence techniques (Fig. 10). The
RNP antiserum was localized on the particles surrounding
or associated with the actin meshwork (these particles were
already observed during transcriptional activity). This stain-
ing was also seen on the large particles, but appeared only
when transcription was blocked. The distribution of the
nucleoplasmin was similar. However, the exact nature of the
connection between RNP particles and nucleoplasmin re-
mains to be elucidated.

Discussion

Based on these observations, and particularly on the analysis
of the distribution of nucleoplasmin at the ultrastructural
level, it appears that nucleoplasmin is not randomly dis-
tributed in the oocyte nucleus. We noted an association with
nucleoli, with the chromosome loops on transcription prod-
ucts and with the RNP particles of the nuclear sap.

It might be hypothesized that the disposition of the protein
in the nucleus which we have described was a chance event
due to relocalization of the molecules when the nuclear sap
spread on the slides. However, the distribution of the protein
was always the same. If it were due to chance, there would
be no reason for the protein to be associated with one struc-
ture rather than another; in addition, when the nucleus was
gelified with phalloidin (i.e., when all the molecules and
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Figure 10. Immunoftuorescence staining of the nuclear sap of an oo-
cyte treated with actinomycin D (10 pg/ml for 24 h). The same prep-
aration was treated with both nucleoplasmin antibody (4) and
anti-RNP-antiserum (B). The antibodies were visualized by fluo-
rescein in 4 and rhodamine in B. In the two cases, the fluorescence
is localized on RNP particles aligned along the same actin cables
(arrows) and on the large RNP particles (arrowheads). Bar, 1 pm.

structures were trapped in the actin meshwork), the distribu-
tion of nucleoplasmin was the same. The axis of the chromo-
somes was not labeled. Furthermore, in situ localizations led
to the same observations, and no relocalizations occurred in
this case.

Another argument for the non-random distribution of nu-
cleoplasmin has been provided by U. Scheer (personal com-
munication): when an antihistone H2B was localized on
lampbrush chromosomes, only the axis of the chromosome
and the axis of the loops were labeled; although this protein
was abundant in the nucleus, it was never observed in the
loop matrix. Consequently, if we consider that the loop ma-
trix aggregates proteins, we must conclude that it aggregates
nucleoplasmin rather than histone H2B.

These results seem to be in contradiction with those of
Krohne and Franke (19), and Mills et al. (24), who described
no selective association of nucleoplasmin with lampbrush
chromosomes. But it should be noted that these authors (19)
used antibodies obtained from Xenopus nucleoplasmin local-
ized principally on frozen sections of Xenopus ovary. In the
case of Xenopus, as for other Anurans, the lampbrush chro-
mosomes under standard conditions are not as well devel-
oped as in Urodela and the loops are not as large. Since the
nucleoplasmin is associated only with the loops, it is possible
that this is inaccessible to observation on frozen sections of
Xenopus ovary.

The antibody used in this study is highly specific and does
not react with Xenopus nucleoplasmin when affinity purified
on Pleurodeles protein. In spite of the fact that nucleoplas-
min has been described as a protein which is relatively stable
throughout vertebrate evolution (19), it seems that there is a
part of the protein that possesses species specificity.

The ultrastructural data provide information on the distri-
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bution of the protein on the different elements of the nucleus:
nucleoli, RNP particles on the loops and in the nucleoplasm.
We do not presently know the nature of the association nor
the percent of nucleoplasmin involved in these associations.
Nucleoplasmin, which is known to be a readily diffusible
molecule in situ and in vivo (18, 19), is also known to be a
molecule which can associate in complexes containing four
major histone components (16); in this case, only a minor
quantity of the protein is concerned. The nucleoplasmin we
described may be included in the diffusible category and, in
this case, the nature of the association with RNP particles
would be reversible, or might constitute a third state of the
protein.

Some nuclear proteins, such as histones, appear to be as-
sociated with DNA whatever the level of transcriptional ac-
tivity. On the contrary, other nuclear proteins such as nucleo-
plasmin and HMG, protein (our unpublished data) are
associated only with active chromatin. When we compare
the two proteins, they show similarities in amino acid com-
position, and both are rich in potentially charged amino
acids (9).

Nucleoplasmin is known as a histone-binding protein (9,
19). In vitro, this protein binds all four histones which consti-
tute the nucleosomal core. In the amphibian nucleus, his-
tones are stored in a soluble form (33). A certain quantity
of histones H3 and H4 is associated with one 110,000-mol-wt
polypeptide of the karyophilic proteins, called NI/N2 (15).
Nucleoplasmin is found associated in complexes containing
four major histone components (16). These complexes could
explain the nuclear accumulation of histones of the oocyte.
Earnshaw et al. (9) have presented nucleoplasmin as a factor
which maintains an ionic environment conducive to chroma-
tin assembly in vitro. They noted that polyanions can also re-
move histones from DNA and therefore cause decondensa-
tion of chromatin, followed by its activation in transcription.
Along these lines, it should be pointed out that nucleoplas-
min is not detectable in inactive cell types (19).

We have detected nucleoplasmin at the site of transcrip-
tion, where it is associated with transcription products.
When transcription decreased, nucleoplasmin was associ-
ated with the residual loops that retained RNP particles, and
when transcription stopped, nucleoplasmin was not associ-
ated with the chromosomes but with the large RNP particles
that formed.

The non-association of nucleoplasmin with the chromo-
some axis might have been due to a problem of accessibility,
since treatment with the antibody was carried out before sec-
tioning of material; however, the results described with an
antihistone (see above) show that no such problem existed.
Thus, it appears that nucleoplasmin is involved in the forma-
tion of RNPs and perhaps with transcriptional activity.

However, the role(s) of nucleoplasmin remains unclear:
this protein interacts with histones, is associated with active
chromatin and transcription products, and is absent from
transcriptionally inactive cells. Nucleoplasmin could be in-
volved with transcription, perhaps by modifying the struc-
ture of DNA or by intervening in the transport of transcrip-
tion products.
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