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The interaction of acetylated histones with DNA in chromatin has
been studied by UV laser—induced crosslinking histones to DNA.
After irradiation of the nuclei, the covalently linked protein-DNA
complexes were isoclated and the presence of histones in them demon-
strated immunochemically. When chromatin from irradiated nuclei was
treated with clostripain, which selectively cleaved the N—-terminal
tails of core histones, no one of them was found covalently linked
to DNA, thus showing that crosslinking proceeded solely via the N-
terminal regions. However, the crosslinking ability of the laser
was preserved both upon physiological acetylation of histones,
known to be restricted to the N-terminal tails, and with chemically
acetylated chromatin. This finding is direct evidence that the
postsynthetic histone acetylation does not release the N—terminal
tails from interaction with DNA. o 1989 academic press, Inc.

Twenty five years since Allfrey et al.(1) first correlated the
postsynthetic histone acetylation with one of the properties, acqu-—
ired by chromatin upon activation, the precise role of this modifi-
cation is still unknown. The current concept for changes in chroma-—
tin structure as a result of weaken histone-DNA interactions has
not gained experimental support both at the level of the nucleosome
and the higher order chromatin structure (2-8). The only paper sug-
gesting an opening of nucleosome core particles upon acetylation is
that of Bode et al (9), showing that core particles with at least
10 acetyl groups migrated slower in non—denaturing gel than their
less acetylated or unmodified counterparts. The increased fricti-
onal ratio of the hyperacetylated core particles they attributed ta
an opening of their structure. Reduced electrophoretic mobility of
highly acetylated core particles was observed alsoc by Imai et al
{8), but their neutron scatter studies failed to reveal a detec-—
table unfolding of these particles free in solution. According to

these authors, the increased frictional resistence of the hyperace—
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tylated core particles might be due to release of the N-terminal
domain of the core histones. Such a possibility was suggested also
by Ausio and van Holde to account for the small effect of acetyla-
tion on some hydrodynamic and optical properties of nucleosomes(7).

One approach to study the interactions of hyperacetylated N-ter-—
minal tails with DNA is offered by the method of W laser—induced
crosslinking histones to DNA we recently developed (10). In this
paper, using clostripain as an agent for selective cleavege of N-—
terminal tails of core histones, we show that this is the region of
the molecule, which is inveolved in the crosslinking. We took advan-—
tage of this finding to study the efficiency of crosslinking

histones to DNA as a function of histone acetylation.

MATERIALS AND METHODS

Isolation of nuclei and chromatin. €alf thymus nuclei were prepared
essentially by the method of Blobel and Potter (11) Chromatin was
isolated from the nuclear pellet after mild treatment with micro—
coccal nuclease (0.9 units/Azgco, I min, at 3I72C) and lysis in 3mM
MaCl, 0.25mM EDTA. Histone Hi-depleted chromatin was obtained using
the ion—e)xchange resin Dowex AG 500 Wx2 as described in (12). Nuc-—
lei from Friend erythroleukemia cells were isalated according to
{13). To preserve the acetylated state of histones, all soclutions
contained SmM sodium butyrate.

Treatment of chromatin with clostripain. Proteclysis of Hi-depleted
chromatin by clostripain was carried out following the protocol in
(14} .

Elecrophoretic analysis. Native and proteclysed histones were ana-
lysed by electrophoresis in 18% polyacrylamide gel, containing SDS
{13).8cetylated histones were electrophoresed in 15% polyacrylamide
gel, containing O0.9N acetic acid, 8M urea, 8.37% Triton X100 (16).
Histone acetylation in chromatin. In vivo acetylated chromatin was
isolated from Friend erythroleukemia cells, grown for 24 h in the
presence of 20mM sodium n—-butyrate. The viability of the cells was
determined by the trypan-blue exclusion test. Chemically acetylated
chromatin was prepared by treatment with acetic anhydride as des-—
cribed in (17).

W laser crosslinking procedure. The source of W radiation was a
home made passively mode-locked picosecond Nd:YAG laser. Irra-—
diation of the samples at 266nm was carried out in rectangular fu-
sed silica cuvettes at pulse duration 30 ps, pulse energy 4mJ, dia—
meter of the beam 0.5 cm, repetition rate 0O.% Hz. The optical den-
sity of the solutions was kept in the range 1<Azs045. During irra-
diation the sample was continuously stirred. The intensity of irra-—
diation was controlled by focussing and defocussing fused silica
lenses. The energy of the radiation was measured with pyroelectric
detectors calibrated with a Model Rji 7200 energy meter {(Laser Pre-—
cizion Corp.) and the electric signal transmitted to an Apple I1I
microcomputer for further processing and handling.

crosslinked material, the irradiated nuclei were made 1%Z in
Sarkosyl, sonicated for 90 sec and centrifuged through a preformed
€sCl gradient (10).

Antibodies and Immuncdot analysis. Antibodies to H2ZA, HZB and H4

were raised as described in (10) and immunospecifically purified
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from IgB by affinity chromatography (18). Monoclonal antibody to H3
was the gift of Dr E.Jockers-Wreton ({(Institut Pasteur, Athens,
Greece). The specificity of each antibody preparation was tected hy
enzyme linked immunosorbent assay (ELISA). The rveaction of the
antibodies with the crosslinked protein-DNA complexes was analysed
by dot immuncassay as described in (10).

RESULTS

Crosslinking of histones to PNA in clostripain-digested chramatin

Treatment of chromatin with clostripain resulted in progressive
proteclysic of core histones, leading to a limit digestion, charac-
terized by two bands on SDS-polyacrylamide gel electrophoresis
(Fig.1). The result is in complete agreement with the data of
Dumius-kKervabon (14), according toc which the slow migrating band
represent the resistant fragments of H2A, HZBR and HIE, and the fast
one correspond to HE.

Chromatin was irradiated with the UV laszer and then treated with
clostripain at the conditions of limit digestion. The covalently
crosslinked protein—DNA complexes were isolated and the presence of
each core histone analysed by dot immunocassay, using specific anti-
bodies to each individual histone. As Fig. 1 shows, no one of the
core histanes was identified in the dotted material, i.e. cross—

linking proceeded exclusively via the N-terminal tails.
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Fig.1. (A). SDS-18% polyacrylamide gel electrophoresis of histones,
isolated from clostripain-digested Hi-depleted chromatin from calf
thymus as a function of time (1,3,5,10,20,30,45,60,90,120,210 min,
slots from left to right,respectively); slots 1 and 12: native his-—
tones. (B). Immunodot assay of the reaction of the antibodies to
H2A, H2B, H3 and H4, and non—-immune IgG(0) with (a) control, non-—
irradiated calf thymus nuclei, (b) irradiated nuclei, and (c)
irradiated and clostripain—-digested chromatin.
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Crossiinking of histones to DNA in chromatin, containing in vive
scetyiated histones

Friend erythroleukemia cells were grown in the presence of so-
dium n—-butyrate to obtain physiologically acetylated histones. The
pattern of acetylation is shown in Fig.2Z. Nuclei from these cells
were irradiated with the laser and the isolated crosslinked mate-—
rial was analysed for the presence of histones. All core histones
were found covalently linked to DNA (Fig.2), the efficiency of cro-
sslinking being similar to that of the contreol, non acetylated
chromatin.
Crosstinking of core histones to DNA in chemically acetylated
chromatin

Histone Hi-—depleted chromatin from calf thymus was treated with

acetic anhydride to chemically acetylate the histones. The condi-
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Fig.2.(A) 15% polyacrylamide—-acetic acid-urea-Triton X—-100 gel
electrophoresis of chromatin from Friend erythroleukemia cells,
grown in the presence of butyrate (a) and histones isolated from
chemically acetylated calf thymus Hi-depleted chromatin (b). Acety—
lated forms of H4 in (a) are shown by numbers, indicating the num-—
ber of acetyl groups. (B). Immunodot assay of the reaction of the
antibodies to H2A, H2B, H3 and H4, and non—immune IgB (0) with con-
trol, irradiated nuclei (c); irradiated nuclei, isolated from buty-
rate—treated Friend cells (ac, upper pannel); irradiated, chemical-
1y acetylated Hi-depleted chromatin from calf thymus (ac, lower
pannel).
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tions of acetylation we used (1.8mM acetic anhydride, pH 8.35,30 min
at 4=C) were reported to modify about 50% of the lysine residues
with no evidence for dissociation of histones (21}.The extent of
acetylation is well demonstrated with histone H4 (Fig.2): the zone
of migration of this histone is free of proteins; the first bands
of acetylated histone molecules appeared behind this zone. When
such a chromatin was irradiated with the UV laser, all core histo-—

nes were identified in the isclated protein-DNA complexes.

DISCUSSION

In a previous paper we showed that UY laser irradiation of isoc-
lated nuclei and whole cells crosslinked covalently histones to DNA
(10). Meanwhile we were able to demonstrate that the crosslinking
proceeded solely wvia the non-structured tails of the histone mole-—
cule: in chromatin preparations, which have been irradiated and
then treated with trypsin, the structured region of all core his-
tone species was not detected in the crosslinked material as probed
by specific antibodies (manuscript submitted). Obviously, this dom—
ain has not been covalently linked to DNA and stripped from it
during the centrifugation through CsCl. To investigate the involve-
ment of €~ and N-terminal tails of core histones, we used another
endopeptidase, the clostripain, which is able to cleave selectively
the N-terminal part of the histone molecule, in contrast to the ef-
fect observed with trypsin. When the irradiation of the nuclei was
followed by treatment with clostripain {(see Fig.l1 and ref.14), the
result obtained was identical to that observed after trypsiniza-
tion: the structured domain of the core histones was not found co-
valently linked +to DNA. This finding undoubtedly shows that the UV
laser induced crosslinking histones to DNA is accomplished solely
via the N-terminal region of the molecule.

This peculiar property of the crosslinking procedure offerc an
approach to study the effect of histone acetylation, known to be
restricted to the N-terminal tails of core histones, on their inte-
raction with DNA. On the other hand, since the laser—-induced cova-
lent crosslinking of a particular protein to DNA requires this
protein to be bound to DNA, the efficiency of crosslinking histones
to DNA addresses directly the question of the interaction of acety-
lated histones with DNA, respectively the release of N-terminal

tails, supposed by some authors (7,8} to account for the increased
frictional ratic of hyperacetylated core particles. To this end we

studied the efficiency of crosslinking histones to DNA in chromatin
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fram Friend erythroleukemia cells, grown in the presence of n-bu-—
tyrate. It has been shown that such a treatment enhanced the level
of histone acetylation (19) through the inhibition of histone dea-
cetylase (5,20), soc that histones are acetylated in their original
in vivo sites. When the acetylated chromatin was crosslinked by UV
laser irradiation, all core histones were identified in the cova-
lent protein-DNA complexes with no evidence for quantitative diffe-
rences in the efficiencies of crosslinking of acetylated and non
acetylated chromatin (Fig.2B). The extent of acetylation, estimated
by scanning the pattern of H4 was 2.3-2.7 acetyl groups per
molecule. Such a value is close to that obtained by Imai et al (8)
and higher than the critical level of 10 acetyl groups per core
particle, reported by Bode et al (9) to affect its electrophoretic
behaviour. Nevertheless, the core histones have been crosslinked to
DNA, i.e. their N-terminal tails have not been released from
interaction with DNA.

The efficiency of crosslinking was studied alsc with chemically
acetylated chromatin. To avoid dissocoation of histones as a result
of the treatment with acetic anhydride (21,22), acetylation was
performed under mild conditions, reported to modify about 50% of
lysine residues in histones (20). Having in mind the number of lys-—
ines in the N-terminal tail of the molecule (4,6,5,5% for H2A,H2B,H3
and H4, respectively; see ref.14) such an acetylation is at least
as high as that we obtained in vivo.except that H2A will be modi-
fied too. Again, acetylation did not prevent core histones from
crosslinking to DNA.

Histone acetylation,therefore, does not release the N-terminal
tails from intercations with DNA. Very recently,based on the mel-
ting properties of core particles reconstituted from histones with
excised N-terminal tails, Ausio et al. claim that hyperacetylation
should be expected to weaken but not to abolish tail-DNA inter-—
actions (23). Our direct experimental data support such an assum—
ption and do not substantiate the above mentioned suggestions, that
the increased frictional ratio of hyperacetylated core particles

should be attributed to released N-terminal tails.
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