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ABSTRACT
It is shown that the release of the slightly lysine-rich
histones f2a2 and f2b by 0.4 M ammonium sulfate from conven-
tionally isolated chromatin is diminished in comparison to the
lysed nuclei. The change in extractability is further demon-
strated by the application of ethidium bromide. At a molar in-
put ratio of 0.09 (moles ethidium bromide/moles nucleotide)
and 0.4 L ammonium sulfate the slightly lysine-rich histones
are released from the chromatin to 70 - 80 % if the lysed
nuclei are used. At 0.1 IL ammonium sulfate ethidium bromide
effected also a release of 50 % of histone f1. Comparable ef-
fects could not be observed with chromatin prepared in a con-
ventional way but instead a tendency towards loss of histone f3
in the presence of ethidium bromide was observed.

I1ITRODUCTION
The question in how far chromatin preserves essential "native"
features after isolation from the nuclei has received increas-
ing attention (1-5). In a previous paper we have shown that
chromatin changes its transcription properties in the course
of the isolation procedure (1). From this result we suggested
that alterations of the DNA-protein interactions may arise
during the isolation procedure of the chromatin from the nu-
clei (1). Recently, we could show that the ability of histone
fl to be extracted by ammonium sulfate in the region between
0.1 and 0.4 X depends on the way by which chromatin was ob-
tained from the nuclei (5). Prom this result we concluded that
deterioration of histone fl-chromatin interaction occurs dur-
ing the conventionally applied preparation methods. In the
present paper we have investigated whether also the extrac-
tability of the other histone types is changed after isolation
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of the chromatin from the nuclei. It was further checked wheth-
er ethidium bromide, as a potential inducer of overall confor-

mational changes in chromatin, influences the histone-DIA-in-
teractions in such a way that their extractability is altered.

MATERIALS AND MlETHODS
Nuclei were isolated from the livers of 50-day-old Wistar rats

immediately after killing the animals as described before (5)..
Chromatin I: The nuclei were lysed in the presence of 0.1 or

0.4 M ammonium sulfate in a medium which was normally used for

in vitro RNA synthesis. For the histone removal experiments,
the whole nuclei lysates were used. In experiments, however, in
which the solubility behaviour of the chromatin was to be in-

vestigated, the nuclei membranes with attached chromatin mate-
rial were pelleted by centrifugation at 5 000 x g for 10 min.
The- clear supernatant obtained with 0.1 M amionium sulfate con-

tained approx. 40-50 % of the chromatin material of the nuclei
in a soluble form.
Chromatin II was isolated froit the freshly prepared nuclei ac-

cording to the first steps described by Butterworth et al. (6).

The nuclei were suspended in 0.025 M NaCl containing 8 mM NDTA,

pH 8, and were sedimentated at 900 x g for 3 min. This step was

repeated once. The pellet was suspended with 10 mM Tris-HCl-
buffer, pH 7.9, gently stirred with a glass rod and kept at 0°C
for 60 min before being centrifuged at 12-000 x g for 15 min.
Pinally the pellet was suspended in the nium sulfate solu-
tion for the histone removal experiments.
Removal of the histones by ammonium sulfate was performed by
incubation of the different chromatin samples in the presence

of 0.1 M or 0.4 M ammonium sulfate at 0°C for 30 min. The hi-

stones which were not removed by amonium sulfate were extrac-
ted from the rest-chromatin pellets according to Johns (7) with

0.25 N Hal. Details of the extraction procedures as well as the
conditions of the polyacrylamide gel electrophoresis (8) are

described in (5). The relative amount of each histone type in
the densitometric traces was determined by an analog computer
program using the analog computer MEDA 81 P. The single curves

were imitated as exactly-as possible according to ktheir shapes
experimentally determined with the micro densitometer Vitatron.
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For the calculation program of the analog computer the shapes
of the typical experimental curves were used. Because we never
found any histone f2al in the an ium sulfate extract it is
obvious that this histone type was not rmved from the chro-
matin under our salt conditions. Therefore it was chosen as ref-
erence for calculation of the percentual removal of the other
histone types.

RESULTS
A summary of the experimental data, which represent the non-
removed portion of the 5 histone types after treatment of the
two different chromatin preparations with ammonium sulfate and
ethidium bromide, respectively, is given in Table 1. No signi-
ficant amounts of histones are removed from the chromatin at
0.1 M ammonium sulfate if the extraction step was performed
with lysed nuclei (Chromatin I) (5). Quite simular results can
be demonstrated at this salt concentration with chromatin which
was isolated from the nuclei by the technique of Butterworth
et al. (6). A comparison of the two different chromatin prep-
arations, however, yielded significant differences as to the
extractability of the slightly lysine-rich histones f2a2 and
f2b at 0.4 M ammonium sulfate. As can be seen from Table 1, at
0.4 M ammonium sulfate about 40 % of f2b and 50 % of f2a2 were
removed from Chromatin I. But only a slight release of this
two histone types was found with Chromatin II under the same
conditions. As to the degree of extractability of histone fl
from both kinds of chromatin preparations we could reproduce
our previous results (5), which showed that in contrast to
Chromatin I an appreciable amount of histone fl remained at
the rest-Chromatin II after treatment with 0.4 M ammonium sul-
fate (Table 1).
In order to see whether alterations of the secondary structure
of the chromosomal DNA which are induced by ethidium bromide
(9) result also in changed histone-DNA interactions we have
investigated the extractability of different histone types from
chromatin at two ammonium sulfate concentrations. The results
obtained with the two kinds of chromatin preparations are de-
monstrated by the electrophoresis profiles of the histones
extracted from the rest-chromatin samples after treatment with
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(NH4)2804: 0.1 M 0.4 M

EB/
Nucleot. 0 0.03 0.09 0 0.03 0.09

CHROMATIN I

F2al 100 100 100 100 100 100
P3 100 86 82 72 75 83
P2b 95 94 94 61 30 24
P2a2 98 76 79 46 28 18
F1 92 52 49 7 0 0

CHROMATIN II

P2al 100 100 100 100 100 100
P3 88 75 56 97 81 56
P2b 100 86 83 83 100 78
F2a2 100 90 90 91 82 79
Fp 86 84 78 32 30 0

TABLE I
Extractability of the different histone types
from two chromatin preparations: CHROMATIN I
and CHROMATIN II in dependence on the ammonium
sulfate and ethidium bromide (EB) concentration.
The data represent rest-histone (%) after treat-
ment with the indicated concentration of amonium
sulfate and ethidium bromide as mean values of
3 different experiments and each of 2 electro-
-phoretic runs.

ethidium bromide (Fig. 1 and 2).
As can be seen from Fig. 1, addition of ethidium bromide to
Chromatin I at 0.1 M ammonium sulfate leads to release espe-
cially of histone f1. A quantitative evaluation of the electro-
phoresis profiles has shown that, as a consequence of the treat-
ment of Chromatin I with ethidium bromide in a molar input
ratio of 0.03 (moles ethidium bromide/moles nucleotide),
approx. 50 % of histone fl and 20 % of histone f2a2 were re-
l.eased. Raising the ethidium bromide concentration up to a
molar input ratio of 0.09 (moles ethidium bromide/moles nu-
cleotide) failed to bring about further enhancement of the re-
moval of histone fi and histone f2a2 (Pig. 1 and Table 1). If
the chromatin, however, was prepared according to the method
of Butterworth et al. (6), on the average, no significant ef-
fect on the extractability of the lysine-rich histones could
be observed. From the experiments performed with Chromatin II
at 0.1 M ammonium sulfate it seemed., however, that there is
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Fig. ls Extractability of the different histone types
from Chromatin I.

Typical densitometer tracings of polyacrylamide gels contai-

ning histones from-the rest-chromatin pellet obtained from

Cbromatin I pre-treated as indicated in the Figures.
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Fig. 2: Extractability of the different histone types
from Chromatin II.

Typical densitometer tracings of polyacrylamide gels contai-
ning the histones from the rest-chromatin pellet obtained
from Chromatin II pre-treated as indicated in the Figures.
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a certain tendency towards lose of histoti. f3 so a consequence
of the presence of ethidium bromide. The influence of ethidium
bromide on the removal of histones from the chromatin prep-
arations was also checked at 0.4 N a nium sulfate. Prom the
electrophoresis profiles shown in Fig. 1 it can be seen that
the partial removal of the histones f2a2 and f2b from Chroma-
tin I which was already obtained with 0.4 M a mmnium sulfate
was strengthened after the addition of ethidium bromide. As a
result of this treatment only about 20 % of the slightly ly-
sine-rich histones remained at the rest-chromatin. A compar-
able effect on the removal of the slightly lysine-rich histones
with Chromatin II which was prepared in a conventional way
using a low ionic strength and EDTA for the isolation proce-
dure could not be ovserved. Instead, however, a partical re-
lease of histone f3 was obtained at the increased ethidium bro-

mide concentzation at 0.4 IL aonium sulfate.

DISCUSSION
The two kinds of chromatin preparations used in our experi-
ments show a strictly different solubility behaviour. Chroma-
tin I which is obtained directly by lysis of the isolated nu-
clei with 0.1 IL ammonium sulfate is clearly soluble at this
salt concentration (10) in spite of the fact that it contains
still all of the histones including histone fl in an undegra-
ded state. It has a remarkably high average sedimentation velo-
city, a low intrinsic viscosity (2, 10, 11) and the electron
microscopic analysis has revaled the presence of well defined
nucleosomes along the chromatin fiber which disappeared at
0.4 X ammonium sulfate (12). The sedimentation characteristics
as well as the intrinsic viscosity of the soluble Chromatin I
remains unchanged for at least 2 days if kept at 00C. Dialysis,
however, against a lower salt concentration (i.e. 0.05 I ammo-
nium sulfate) induced marked turbidity which is greatly irre-
versible and not reversed if the samples are re-dialysed
against 0.1 I ammonium sulfate. In contrast, Chromatin II
which was obtained by a conventional isolation procedure (6)
behaved in its solubility as describe-d by Bradbury et al. (13)
and also by other authors, that is, it is insoluble at a phy-
siological salt concentration of 0.1 t `0.15 ll NaCl and, as
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we have checked,also at 0.1 U a nium sulfate. Because Chro-
matin II prepared in a conventional way does not become so-
luble when subsequently brought into the same salt solution
as used for the direct lysis of the nuclei, it is evident that
the changes of the chromatin structure, once arisen, cannot
be reversed.
Recently, Rees et al. (3) have also described a chromatin
preparation soluble at 0.15 M NaCl which they obtained by
autolysis of rabbit thymus nuclei. This chromatin, prepared
avoiding shear, shows similarly high sedimentation velocity
-and low intrinsic viscosity as we found for Chromatin I at
0.1 M ammonium sulfate (2, 10, 11). Similarly to our experi-
ence their nucleohistone showed no tendency to aggregate if
gently handled but a certain sensibility against homogeniza-
tion and sedimentation and the change of salt concentration.
In connection with the organization of the chromatin structure
in repeating units, the so-called nucleosomes, (14-18) the
question was raised whether chromatin extracted from the nuclei
by conventional methods retains these basic structure (4).
Noll et al. (4) could show that chromatin prepared by conven-
tional methods involving shear does not really preserve the
native structure.
Evidence is presented in this paper that the two chromatin
preparations which we used in our experiments and which differ
in their solubility show also remarkable differences in the
extractability of their histones with ammonium sulfate concen-
trations at 0.1 and 0.4 M. In this line we have found that
only from Chromatin I the slightly lysine-rich histones f2a2
and f2b are removed under our extraction conditions with 0.4 M
ammonium sulfate to about 50 %. The non-extractability of the
two slightly lysine-rich histones from Chromati.n II under the
same conditions is of special interest, because it is now
widely accepted that these histone types are localized within
the nucleosomes (18) . Assuming that the different extraction
behaviour of the histones from the two chromatin preparations
reflect various histone interactions in the chromatin prep-
arations we conclude that the native histone interactions in
the nucleosomes are rather sensitive against "unphaysiological"
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salt conditions as well as against shear. In.spite of the fact
that the conventio-nal methods of chromatin preparation-does
not effect the disappearance of the nucloosome structure in the
chromatin an checked by electron microscope analysis (18) it
is clear.from our results that they become altered in some
structural details concerning the histone interactions. We have
shown earlier (5) that also the interactions of the very ly-
sine-rich histone fl which is not included in the basic nucleo-
some structure (18) are changed in the course of the conventio-
nal isolation procedures. From the fact that after washing the
nuclei with saline-EDTA and 0.01 M Tris-HOl, pH 8, the extract-
ability by ammonium sulfate of the very lysine-rieh histone f1
and also of the slightly lysine-rich.histones f2a2 and f2b
from chromatin is diminished we conclude that as a result of

the washing procedure used in conventional isolation methods,
new, artificial histone-DNA interactions arise. We cannot ex-
pect chxomatin treated in a way causing changed histone-DNA
interactions will react in in vitro transcription experiments
in a native manner.
The different features of the two chromatin preparations be-
come even more clear from the experiments performed with
ethidium bromide as a molecular probe. Only in the case of
Chromatin I does addition of ethidium bromide at 0.1 M ammo-
nium sulfate cause partial removal of histone fi from the chro-
matin to about 50 % and, at 0.4 M ammonium sulfate, a-further
removal of the histones f2a2 and f2b to about 80 %. The re-
sults of these experiments show for the first time that due
to the ethidium bromide binding to the chromosomal DNA the
association of the lysine-rich histones is changed in such a
way that they become easier to extract. In the case of Chro-
matin II at 0.1 M ammonium sulfate, however, the addition of'
ethidium bromide leads to the tendency of partial release of
histone f3.
Since the effects are already found at the relatively low
ratio of ethidium bromide to nucleotide of 0.03 on a molar
input basis we suggest that conformational changes of the DNA
caused by intercalation of the dye with the DNA bring about
changes of the DNA-histone interactions in the chromatin.

1983



Nucleic Acids Research

This means that the conformational state of the DNA in the
chromatin is of importance for the- histone-DNA interactions.
Partial unwinding of the DNA double helix by ethidium bromide
seems to weaken the histone-DNA interactions leading to their

release under appropiate ionic conditions. Prom this and un--

published results (11) obtained with hydrodynamic methods it
seems that relatively small changes of the secondary structure
of the DNA as induced by ethidium bromide can cause strong
overall conformational changes in the chromatin with changed
histone-DNA and histone-histone interactions, respectively.
This may be a principle by which the regulation of condensa-
tion or decondensation in the chromatin in the regulation of
the transcription process is governed.
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