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SUMMARY

The assembly of DNA into nucleosomal and supranucleosomal chromatin structures has been
studied (i) by injection of circular DNA molecules (plasmids) into nuclei of Pleurodeles waltlii
oocytes; and (ii) by in vitro incubation of plasmid molecules with the supernatant fraction from
oocyte nuclei of Pleurodeles and Xenopus laevis, followed by purification of nucleoprotein struc-
tures formed with sucrose gradient centrifugation. In both types of experiments, spread prepara-
tions of the newly assembled and transcriptionally inactive chromatin, examined by electron
microscopy, show dense globular higher order (supranucleosomal) packing forms. Under partially
relaxing (low salt) preparation conditions granular chromatin subunits of about 30 nm diameter can
be seen either as widely spaced particles or in closely packed aggregates. The transcriptionally
inactive endogenous chromatin of chromomeres of lampbrush chromosomes is arranged in similar
higher order chromatin units. A correlation is found between the sizes of the DN A molecule probes
used and the numbers of nucleosomes and higher order globules in the assembled chromatin
structures. After prolonged dispersion in low salt buffers, these globular chromatin units unfold
into chains of 7-12 nucleosomes. The results support the concept that chromatin is arranged, under
physiological ion concentrations as they are present in the nucleus, in supranucleosomal units of

globular morphology.

When purified DN A molecules such as viral
genomes, amplified ribosomal DNA
(rDNA), mitochondrial DNA (mitDNA), or
prokaryotic plasmids, with and without in-
serts of eukaryotic genes, are injected into
nuclei of Xenopus laevis oocytes, they are
assembled with the stored endogenous
histones into chromatin with nucleosomal
configuration [1-3]. Some kinds of injected
molecules are, at least in part, efficiently
and correctly transcribed [e.g. 2, 4-15]. Al-
though difficult to quantitate, biochemical
and electron microscopic evidence indi-
cates that a large proportion of the injected
DNA is not transcribed at all [2, 6, 8]. We
became interested in the question as to

whether this inactive DNA is, besides being
assembled into a nucleofilament composed
of a chain of nucleosomes [1-3], also con-
densed into higher order structures [e.g.
16—18], and how the structural organization
of this newly assembled chromatin relates
to that of the endogenous chromatin. In the
present report we provide evidence for a
compaction of DNA molecules into nucleo-
somes and also into higher order (supra-
nucleosomal) structures of granular mor-
phology. These higher order structures are
observed after injection of DNA into oocyte
nuclei, as well as after incubation of DNA
with the supernatant fraction of oocyte nu-
clear homogenates. The latter in vitro
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system provides a useful means to study
various structural and biochemical aspects
of chromatin assembly at different levels of
organization.

MATERIAL AND METHODS
DNA

The following plasmids and recombinant plasmids
were used: (1) Plasmid pMB9; (2) the recombinant
pWB 87 consisting of a 6.5 kb (kilobase) histone gene
repeat from the sea urchin Echinus esculentus inserted
into the plasmid Col E1 (kindly provided by Dr
E. Southern, Mammalian Genome Unit, University of
Edinburgh); (3) the recombinant pTp 6AA1 consisting
of rDNA sequences of Tetrahymena pigmentosa in-
serted into pBR 322 (kindly provided by Dr Martha
Wild, Yale University, New Haven); (4) a recombinant
plasmid consisting of the vector pMB9 with inserted
yeast TDNA sequences (kindly provided by Drs M.
Rosbash and L. Hereford, Brandeis University, Walt-
ham). In order to facilitate measurement of their con-
tour lengths, some plasmid preparations were relaxed
by a limited digestion with DNAse [ (grade I,
Boehringer, Mannheim). A 5 ug sample of DNA of a
solution containing 50 mM Tris-HCI (pH 8), 5 mM
MgCl, was treated with 5x107> pg/ml DNAse I at
37°C. The reaction was then stopped after 10 min by
addition of 300 ul of a solution containing 0.2 M NaCl,
10 mM EDTA, 0.5% SDS, 10 mM Tris-HCI (pH 7.4).
The DNA was extracted with phenol and chloro-
form :isoamylalcohol (24:1), precipitated in 70%
ethanol and spread for electron microscopy by the
cytochrome ¢ droplet diffusion method [19]. DNA for
injection was dissolved in **3:1 saline” (75 mM KCl,
25 mM NaCl) buffered to pH 7.2 with 10 mM Tris-
HCl, at concentrations of 400 ug/ml and 10 pg/ml.

Injection

Pleurodeles waltlii were obtained from a commercial
source (Station d'acclimation et d’élevage, 79290 Ar-
genton I'Eglise, France) and kept in large water tanks
at 20°C. A piece of ovary was removed from an an-
aesthetized female (0.1 % MS 222, Sandoz, Basle) and
transferred into modified Barth medium [20] contain-
ing 50 U/ml each of penicillin, streptomycin and kana-
mycin. Individual oocytes with diameters ranging from
1.0 to 1.2 mm were mechanically freed from the sur-
rounding follicular epithelium using two fine forceps.
Centrifugation at 150 g for 10-20 min at room tempera-
ture brought the nucleus up to the animal pole, thereby
facilitating the nuclear injection [11]. About 10 nl of
DNA solution was injected per oocyte nucleus (for
technical details, see [20, 21]), and the oocytes were
subsequently incubated at room temperature for
3-24 h.

In vitro assembly of chromatin

Nuclei were manually isolated from full-grown oocytes
of Pleurodeles waltlii or Xenopus laevis and collected
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in a small volume of ice-cold **3: 1 saline’” in an Eppen-
dorf reaction tube. A batch of 50 nuclei was homo-
genized in a total volume of 0.1 ml by sucking the
solution several times into an Eppendorf micropipette
with a plastic tip, followed by centrifugation in a Beck-
man airfuge (Munich) at 100000 g for 1 h. To the super-
natant 0.5 ug DNA was added and the mixture in-
cubated at room temperature for 90 min. DN A—protein
complexes formed were then purified by centrifugation
in a discontinuous sucrose gradient in 100 mM NaCl,
10 mM Tris-HCI (pH 7.5), 1 mM EDTA, and 1 mM
dithiothreitol. The gradient was formed by layers of
0.1 ml 60%, 0.2 ml 20%, 0.15 ml 10%, and 0.1 ml 5%
sucrose solutions in 0.7 ml Beckman nitrocellulose
tubes. Centrifugation was for 1 h at 30000 rpm at 4°C
in a Spinco SW 65 Ti rotor using special adaptors
(Beckman). Fractions of approx. 40 ul were collected
from the bottom of the centrifuge tubes.

Electron microscopy

Electron microscopic spreads of nuclear contents were
made essentially according to Miller & Bakken [22].
Two isolated nuclei were transferred into a drop of
“pH 9 water” (ca 0.1 mM sodium borate buffer, pH
8.5-9.0) placed on a siliconized glass slide at about
10°C. After 2-10 min the dispersed nuclear contents
underwent centrifugation through a cushion of 1 % for-
maldehyde, 0.1 M sucrose, 0.1 mM borate buffer (pH
8.5-9.0) onto freshly glow-discharged, carbon-coated
grids. After staining with 1% ethanolic phospho-
tungstic acid the grids were rotary-shadowed with
Pt/Pd at an angle of ca 8 and examined in a Philips 301
or Zeiss EM 10 electron microscope. The instrument
magnification was calibrated with a grating replica.
Contour length measurements of DNA and chromatin
were performed as described [23].

Chromatin assembled in vitro and purified by centri-
fugation in a sucrose gradient was prepared for elec-
tron microscopy under different ionic conditions fol-
lowing a method developed for visualization of SV40
chromatin [24-26]. Fractions taken from the 20%
sucrose layer of the gradient (see above) contained the
DNA-protein complexes formed and were either im-
mediately fixed by adding glutaraldehyde to a final
concentration of 0.2 % or were diluted 5-10-fold with
I mM Tris-HCI (pH 7.5) prior to fixation. Nucleo-
protein complexes were adsorbed to freshly glow-
discharged carbon-coated grids by touching the sur-
face of 10 ul droplets placed on Parafilm for 5-10 min.
The grids were then washed by placing them briefly on
a water droplet, stained with uranyl acetate, dried
from 95% ethanol, and finally metal shadowed. In
order to increase the number of nucleoprotein com-
plexes on the grids, especially after dilution with buf-
fer, the material was centrifuged through a sucrose-
formaldehyde cushion as described above (3500 g,
40 min).

RESULTS

Although the Xenopus system is well es-
tablished for studying chromatin assembly



and transcription of injected DNA (for ref-
erences, see introductory paragraph), elec-
tron microscopic visualization of chromatin
structure and of transcriptional events of in-
jected DNA and endogenous chromatin is
hampered by technical difficulties. Dis-
persal of chromosomal and extrachromo-
somal chromatin is difficult to achieve in
this cell [27], due to the relatively high vis-
cosity of the Xenopus oocyte nucleoplasm.
To facilitate chromatin solubilization it is
necessary to use prolonged dispersal times
at very low salt conditions and/or the
presence of certain ionic detergents, such
as Sarkosyl or “Joy” [2, 3, 10, 22, 27].
These conditions, however, have decisive
drawbacks. Higher order packing struc-
tures of chromatin are dependent on the
presence of histone H1 and are unstable
under low salt conditions [e.g. 18, 24-26,
28-30]. Inclusion of ionic detergents leads
to a concentration-dependent release of
histones from the DNA so that higher order
structures may be affected as well as the
basic nucleosomal organization [31]. The
use of oocytes from other amphibian
species, especially certain tailed amphibia
with nuclear contents of very low viscosity,
may overcome such problems. For ex-
ample, electron microscopic spread prep-
arations can be easily obtained when oocyte
nuclei from various urodelan species are
swollen for only a few minutes in low salt
buffer (without the use of detergents), and
the degree of unfolding of higher order chro-
matin structures can be readily studied. We
have chosen Pleurodeles waltlii. Oocytes of
this newt are obtainable throughout the
year, and the large lampbrush chromo-
somes can be used for examining the con-
formation and the transcriptional state of
the endogenous chromatin [cf 32].

Injection of solutions containing low
DNA concentrations (10 wg/ml, equivalent
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to 100 pg; i.e., nearly the 4C amount of
DNA; cf [33]) into Pleurodeles oocyte nu-
clei apparently did not affect transcription
of the endogenous rRNA genes, or of the
lateral loops of the lampbrush chromo-
somes within 24 h after injection. In spread
preparations the appearance of these tran-
scriptional units was indistinguishable from
that of control oocytes which were not cen-
trifuged, injected and incubated (fig. 1a).
Inactive chromatin, frequently arranged in-
to dense aggregates, was predominant in
chromomeres, and had the typical beaded
appearance characteristic of a nucleosomal
organization (fig. 15). Especially when the
nuclear contents were dispersed very brief-
ly (up to 5 min) under low salt conditions,
a variable, often large proportion of this in-
active chromatin appeared in distinct higher
order globules with diameters of about 30
nm (fig. 1b). These globular packing units
were either distinctly recognized, con-
nected by fine strands sometimes revealing
nucleofilament morphology (fig. 15, ¢), or
were in close contact forming chains of
30 nm beads (fig. 15) or dense, thicker
(40-60 nm) threads with irregular contours
(fig. 1¢).

When more DNA (400 pg/ml) was in-
jected into Pleurodeles oocyte nuclei,
rRNA genes were still not affected. In a
variable proportion of the nuclei, however,
we observed a progressive retraction of
lateral loops of the lampbrush chromo-
somes and reduced densities of transcrip-
tional complexes, indicating that injection
of an excess amount of DNA may inhibit
chromosomal transcription. Therefore, the
DNA solutions used for the injection ex-
periments were usually diluted to concen-
trations ranging from 10 to 50 ug/ml.

The recombinant plasmid pWB 87 is
shown in fig. 2a. The DNA circles have a
mean contour length of 4.08+0.17 um, cor-
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responding to 12.8 kb (converted according
to data in ref. [34]). After injection into nu-
clei of Pleurodeles oocytes and spreading
for electron microscopy numerous circular
chromatin structures with the characteristic
beaded appearance of nucleosomal chains
were observed (fig. 2b), similar to the situa-
tion described upon injection of other kinds
of circular DNA into Xenopus oocytes
[1-3]. These chromatin rings had a mean
contour length of 2.3+0.15 wm and were
composed of 66-76 nucleosomes (mean
frequency, 72) of an approximate diameter
of 12 nm. Thus, under the specific low salt
spreading conditions used, the newly as-
sembled nucleofilament rings had a mean
nucleosome density of 31 nucleosomes per
micrometer, equivalent to a DNA compac-
tion ratio (length of DNA in B-confor-
mation/length of chromatin) of 1.9 (for re-
lated data, cf [2, 3, 24-26, 35, 36]). From
this it can also be calculated that each nu-
cleosomal unit contains, on the average,
178 bp of DN A, about 59 bp of which are lo-
cated in the internucleosomal ‘linker’ re-
gion. These figures agree reasonably well

Fig. 1. Appearance of (a) transcriptionally active;
(b, ¢) inactive endogenous (amphibian) chromatin after
injection of 10 nl of DNA solution (10 ug/ml; pMB9Y/
yeast rDNA plasmid) into nuclei of Pleurodeles
oocytes. Nuclei were isolated 6 h after injection and
their contents spread for electron microscopy by (a)
long (20 min) or (b, ¢) short (ca 5 min) exposure to low
salt buffer (pH 9 borate buffer). Fully active rRNA
genes in extended, largely non-nucleosomal con-
figuration occur side by side with inactive, nucleo-
somally arranged chromatin strands (endogenous chro-
matin) and rings containing the injected plasmid DNA
(two plasmids are denoted by arrows). In the pe-
ripheral portions of the transcriptionally inactive chro-
momere regions of lampbrush chromosomes two dif-
ferent forms of chromatin packing are seen, i.e. (b, ¢)
nucleosomes and larger supranucleosomal globules
approx. 30 nm in diameter. Where these globules are
closely juxtaposed, they form chains of ca 30 nm beads
(e.g. at the arrows in (b)) or thicker threads (c) (40—
60 nm). Regions of structural transitions between
higher order globules and nucleosomes are frequently
seen {(e.g. at the arrows in (¢)). Bars, 0.5 um.
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with the biochemically determined DNA
content of Xenopus oocyte nucleosomes
after nuclease digestion [36, 37].

Besides open chromatin circles with the
characteristic ‘beads-on-a-string’ pattern,
we found a variable proportion of chro-
matin units that were more aggregated (fig.
2 c—i). Their relative amount in spread prep-
arations was usually higher after short times
of dispersal of the nuclear contents. The
large-beaded chromatin circles appeared
occasionally highly twisted and coiled.
Generally, they revealed a composition of
distinct globular structures with diameters
of about 30 nm, so that individual nucleo-
somes could no longer be detected (fig.
2 c-h). Depending on the specific spreading
conditions, nucleosomal beads and higher
order globules were occasionally seen on
the same chromatin unit (e.g. fig. 2¢, see
also fig. 3¢, h). Although it was difficult to
determine the number of these higher order
globules precisely, we usually counted 6-10
per chromatin unit (fig. 2f~h), indicating a
content of 7-12 nucleosomes per supra-
nucleosomal globule.

When differently sized plasmids were in-
jected into oocyte nuclei, a dependence of
both the contour length of the circular nu-
cleosomal chains and the size of the supra-
nucleosomal aggregates on the size of the
DNA used was found. For example, fig. 3a
shows the plasmid pMB 9 having a contour
length of 1.73£0.05 wm (5.4 kb) which,
after injection into Pleurodeles oocyte nu-
clei, appeared in chromatin circles contain-
ing an average of 31 nucleosomes (fig. 3b)
and in dense aggregates in which a maxi-
mum of four 30 nm globules was observed
(fig. 3c—e). On the other hand, the much
larger recombinant of plasmid pMB 9 with
yeast rDNA (fig. 3f; contour length 4.89+
0.1 wm, 15 kb) was converted into much
larger chromatin circles containing an aver-

Exp Cell Res 129 (1980)



120  Scheer, Sommerville and Miiller

Fig. 2. Conversion of the DNA -of (a) recombinant
plasmid pWB 87 into nucleosomal and higher order
chromatin structures upon injection into oocyte nuclei
of Pleurodeles, seen in spread preparations made 3 h
after injection. The plasmids are recovered in the form
of (b) open beaded chromatin circles or of (c—i) dense
aggregates. In these somewhat irregularly shaped ag-
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gregates frequently distinct, globular higher order
structures of diameters of approx. 30 nm are seen (e.g.,
arrows in c—¢). Close packing of the supranucleosomal
globules sometimes leads to the formation of (d, i) ca
30 nm thick circular chromatin fibres. Bars, (@) 1 wm;
(b) 0.2 um; (c, i) 0.1 wm. (d-i) Magnified to the same
scale.



Fig. 3. Correlation of the sizes of newly assembled
nucleosomal and supranucleosomal chromatin struc-
tures with the contour lengths of the specific plasmids
used for injection into oocyte nuclei of Pleurodeles.
The small plasmid pMB9 (a) (contour length 1.73+0.05
um) is converted into (b) beaded chromatin rings with
an average of 31 nucleosomes and, (c-e¢) more-
over, into higher order structures containing not
more than four distinct 30 nm globular particles. Note
the simultaneous occurrence of nucleosome-like beads
and higher order globules in the same chromatin strand

(e.g., (c¢) upper part). The large plasmid shown in (f)
(pMB9/yeast rDNA recombinant; contour length
4.8940.1 wm) is converted into large beaded chromatin
circles with an average of (g) 83 nucleosomes and, at
(h—j) higher order level, into the large aggregates of ca
30 nm globules shown at different degrees of un-
ravelling during the low salt treatment. Note that open
beaded chromatin rings and higher order aggregates
can occur side by side (g). Bars, (a, f) 1 um; (g) 0.5
wpm; (b, h) 0.1 wm. (b-e and h—j) Magnified to the same
scale.
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Fig. 4. Nucleoprotein complexes formed after in vitro
incubation of DNA of the plasmid pTp 6AA1 (contour
length 2.9+0.3 wm) with the supernatant fraction ob-
tained from Pleurodeles oocyte nuclei and then puri-
fied by centrifugation in sucrose gradients. When
spread under physiological salt concentrations, the
newly assembled plasmid chromatin appears in the
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form of very dense particles ((a), arrowheads point to
small loops of DNA or beaded chromatin extending
from these particles). Upon prolonged incubation at
lower ionic strength (50 mM NaCl) these very dense
complexes unfold into smaller, often granular subunits
and reveal regions of chains of nucleosome-like beads
(b—e). Bars, (a, ¢) 0.5 um; (b—d) 0.1 um.



age of 83 nucleosomes (fig. 3¢) and also
formed much larger aggregates of higher
order chromatin globules (fig. 3 g—).

The higher compaction of the nucleo-
somal chromatin rings into such globular
supranucleosomal structures was some-
times directly seen in situations in which
both structural states occurred side by side
(fig. 3g). With all plasmid DNA molecules
examined, the dimensions of the individual
higher order aggregates were somewhat
variable, even on the same grid, apparently
depending on the specific degree of packing
of the supranucleosomal globules (e.g. fig.
34, j). Occasionally, partly unfolded higher
order chromatin aggregates were seen in
which nucleosomal and supranucleosomal
globules occurred on the same DNA mole-
cule, revealing continuities between 30 nm
globules and nucleosomes (fig. 3¢, h).

To demonstrate the nuclear localization
of the components and factors involved in
the conversion of DNA molecules into nu-
cleosome-like and supranucleosomal chro-
matin organization, and to exclude the pos-
sibility that disturbance by the injection per
se has contributed to this phenomenon, we
developed an in vitro incubation system, at
physiological ionic strength, using a
100000 g supernatant of homogenates of
manually isolated nuclei from Pleurodeles
and Xenopus oocytes. Control experiments
showed that, after centrifugation of nuclear
supernatants without DNA added, any par-
ticulate structures were absent in the 20%
sucrose boundary fraction. When 0.5 ug of
plasmid DNA, with or without inserted
eukaryotic sequences, was incubated for 90
min with the supernatant from 50 nuclei of
Pleurodeles or Xenopus oocytes, followed
by centrifugation in a sucrose gradient
made up in a buffer of physiological ionic
strength, DNA-protein complexes were
found to be enriched in the 20% sucrose
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boundary layer. Aliquots taken therefrom
and fixed directly by adding glutaraldehyde
revealed, by examination in the electron
microscope, a rather homogeneous popu-
lation of highly condensed nucleoprotein
complexes, with either spheroidal or pro-
late and extended shapes (fig. 4a). Occa-
sionally, loops of DNA or short strings of
nucleosome-like beads were seen to emerge
from the periphery of these particles, in-
dicating their chromatinous nature. When
incubated in 50 mM NaCl for prolonged pe-
riods of time (ca 12 h) before mounting for
electron microscopy, these large dense ag-
gregates revealed smaller subgranules simi-
lar to substructures described in SV40 chro-
matin (compare fig. 4b—e with fig. 7 of ref.
[26]) and exhibited partial unfolding. Inter-
mediates between highly compact and par-
tially unravelled nucleofilament structures
are shown at higher magnifications in fig.
4b—d and, in a survey of the preparation, in
fig. 4e. After a tenfold dilution with 1 mM
Tris-buffer (resulting in a final ionic
strength of 10 mM NaCl) and centrifugation
on to electron microscopic grids, the re-
constituted chromatin complexes were un-
ravelled in large parts, thereby demon-
strating nucleosome-like beads (fig. 5a—d).
However, in many cases local aggregates of
compacted and dense morphology as well
as individual 30 nm large higher order
globules were still seen in these relaxed
chromatin rings, indicating that some higher
order associations were more resistant to
the low salt treatment (fig. Sa—-d). After
spreading at low ionic strength the distances
between nucleosome-like beads appeared
with considerable variations (e.g. fig.
Sa-d). At the moment we do not know
whether unusually extended non-beaded
(‘linker’) regions, which were repeatedly
observed, represent regions of unfolded nu-
cleosome particles or reflect regions of in-
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Fig. 5. Appearance of DNA-protein complexes newly
formed in vitro (conditions as described in the caption
to fig. 4) after purification in sucrose gradient, tenfold
dilution with 1 mM Tris-buffer, and centrifugation on
to electron microscopic grids. The nucleoprotein com-
plexes are more or less unfolded into beaded chains of

complete chromatin assembly, perhaps as a
result of limited histone supply.

DISCUSSION

Our results show that circular DNA mole-
cules of varying size and sequence are con-
verted into nucleoprotein structures after
injection into nuclei of Pleurodeles oocytes,
in a similar manner as previously described
in Xenopus oocytes [1-3]. In addition, we
have shown that incubation of the plasmids
with the 100000 g supernatant from homo-
genates of isolated oocyte nuclei of both
Pleurodeles and Xenopus also results in the
formation of such complexes which, at low
ionic strength, appear with a nucleosome-
like morphology, similar to the results ob-
tained with egg homogenates of Xenopus by
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nucleosome-like morphology. Compact and unfolded
regions can occur on the same DN A molecule. Some
granular higher order structures of diameter ca 30 nm
are still present (e.g. denoted by the arrows in (d)).
Bars, (a) 0.5 um; (¢) 0.1 wm. (b—d) Magnified to the
same scale.

Laskey and colleagues [38, 39]. When pre-
pared under physiological ionic conditions
(0.1 M), however, these nucleoprotein com-
plexes occur in configurations clearly dif-
ferent from the beaded appearance of ex-
tended nucleosomal chromatin. The nu-
cleoprotein particles appear as highly com-
pacted and very dense aggregates of
spheroidal or prolate shape with a mean
overall particle size that is correlated with
the contour length of the specific DNA
probe used. Granular substructures are
sometimes observed, especially after partial
unfolding at somewhat lower ionic strength,
and the most predominant substructure
seems to be a globular particle approx.
30 nm in diameter. When these newly
formed large nucleoprotein particles are un-
folded by incubation in very low salt con-



centrations, they are transformed into chro-
matin rings with the characteristic ‘beads-
on-a-string’ morphology of nucleosomal
chains. From these observations we con-
clude that the nucleoplasm of amphibian
oocytes transforms added DNA not only
into a nucleosome-like configuration but
also, further, into higher order structures of
globular morphology. Since the in vitro in-
cubation assay described here includes only
the supernatant proteins from manually iso-
lated nuclei of oocytes instead of proteins
from whole eggs [38, 39], it is clear that the
components and factors involved in the
chromatin assembly process, such as
histones and probably also the nucleosome
assembly-promoting protein described by
Laskey et al. [40], are located in the nuclear
sap. This conclusion is supported by obser-
vations that large amounts of histones are
stored in the nucleus of Xenopus oocytes
[41] and that the acidic protein of approxi-
mate molecular weight 30000 described by
the Cambridge group as ‘nucleosome as-
sembly factor’ [40] is located specifically
and in usually high concentrations in oocyte
nuclei of Xenopus [42, 43] and other am-
phibia including Pleurodeles waltlii [44]. 1t
has also been shown that the factor required
for the introduction of negative supercoils
into relaxed SV40 DNA in the presence of
histones is located in Xenopus oocyte nu-
clei [45].

The relationship of the globular higher
order structures of the nucleoprotein newly
assembled from oocyte nuclear material
vis-a-vis similarly sized granular units de-
scribed in various kinds of transcriptionally
inactive chromatin [e.g. 18, 29, 30, 35, 46—
50], including chromomere regions of the
oocyte lampbrush chromosomes (fig. 15, ¢
of this study and ref. [32]), is not clear and
will have to be examined by biochemical
methods. Specifically, it has to be shown
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that the structural changes observed during
transition from the 30 nm nucleoprotein
globule to chains of nucleosome-like beads
reflects the presence of histone H1 in this
newly assembled chromatin material (for
comparison see [24-26, 29, 49, 51]). In view
of reports describing nucleosome-like struc-
tures in chromatin artificially reconstituted
from histones H3 and H4 alone [e.g. 52, 53]
it cannot be excluded at the moment that
the beaded conformation seen in chromatin
newly assembled from nucleoplasmic ma-
terial may contain only histones H3 and H4.
Studies are in progress to answer this
question by purification of the newly as-
sembled nucleoprotein complexes as de-
scribed here and characterization of the
protein associated with the added DNA.
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