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INFLUENCE OF HISTONE H1 ON CHROMATIN STRUCTURE
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The influence of higtone H1 with respect to the conformation of oligonu~
cleosomes was investigated by studying transient electric birefringence (TEB).
Whole ehromatin exhibits a positive birefringence explained by an helical com-
pact structure in which the superhelical axis of DNA is parallel to the long
axts of the helical array. Birefringence of Hi-lacking oligonucleosomes 1g ne—
gative and proportional to the number of nucleosomes in the chain.

So, the removal of Hl induces a transition te an extended "bead and bridge”
structure in which 32 base-pairs of DNA commect two consecutive beads. The fol-
lowing scheme is then proposed for DNA : 185 bp (nucleosome repeat <In rat
liver) = 163 bp (assoctated with the histone core) + 32 bp (linker DNA).

Eukaryotic chromatin consists of a basic repeating subunit termed 'the nu-
cleosome" which may be described in terms of two major structural domains (1-
5). One is the core particle containing 145 base-pairs of DNA wrapped around a
compact histone octamer composed of two of each of the four smaller histones
H2A, H2B, H3 and H4. The other is the linker DNA connecting adjacent nucleoso-
mes, the length of which varies between and within different organisms (50 base-
pairs in rat liver). Our knowledge of the location and structural role of the
very lysine-rich histone Hl is not yet complete. Hl appears not to be a struc-
tural component of the nucleosome but to be located in the internuclecsomal
space and associated with a part at least of the linker DNA (6-9). In fact HI
is highly asymmetric : its central region assumes a globular structure while
the ends form unstructured tails (10) which may present different binding pro-
perties to the DNA (11,12). On the other hand Hl is involved in the coiling or
folding of nucleosome chains into higher orders of structure (12-19) perhaps
by functioning as a cross-linker (13,14,20) or (and) by facilitating the sta-
cking of nucleosomes (12,17,19). The packing of nucleosomes has been discussed
in terms of a solenoidal structure, superbeads units or helical arrays whose
diameters (200-300 K) are about twice that of nucleosome (12,17,19,21-28).

We have previously reported transient electric birefringence (TEB) measu-
rements on oligomeric chromatin subparticles. A sharp transition in the elec-

tro-optical properties was observed for the hexamer which appears to be a unit
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particle in chromatin superstructure (29). The present paper describes a study
on Hl-depleted chromatin with a view to examine the influence of Hl on the spa-
tial arrangement of nucleosomes. Calculations are also made to estimate how

many base-pairs of DNA are associated with histone HI.

Methods

Preparation of rat_liver chromatin

Nuclei were isolated from rat liver (30) and suspended at a concentration
of 3.108 nuclei/ml. Micrococcal nuclease (300 units/ml) digestion of chromatin
in the presence of Ca2* (ImM) was for 2 min. 30 sec. at 37°C. The reaction was
terminated by adding EDTA (5mM). The nuclei were then pelleted and lysed in
0.2mM EDTA, 0.2mM PMSF (Phenylmethylsulfonylfluoride) pH 7.0 for 20 min. at
4°C. After centrifuging the suspension, the chromatin was recovered in the su-
pernatant, 60 to 70 OD units of which being layered on an isokinetic sucrose
gradient (5-28.2 7 ; 1mM phosphate buffer, 1mM EDTA, pH 7.4) according to Noll
(31). After a 20 hours centrifugation at 26 000 rpm in a SW 27 rotor, nucleo-
some oligomers up to 7 consecutive nucleosomes can be separated and analyzed
using a gradient scanner (29).

Histone Hl was removed from nucleosome oligomers by the method of Bolund
and Johns (32). Hl is adsorbed on the cation exchange resin AG 50W-X2 in the
presence of 1mM phosphate buffer, 150mM NaCl, pH 7.4 : 0.2 ml of equilibrated
resin was added per ml of chromatin solution. After gently stirring for four
hours at 4°C, the suspensions were centrifuged and the supernatants were dia-
lyzed against ImM phosphate buffer, 0.2mM EDTA, pH 7.4.

Histones were extracted twice with 0.25 N HCl (final concentration) under
a fast vortex mixing and recovered by sedimentation of precipitated DNA., The
supernatant was dialyzed against bidistilled water, lyophilised and analyzed
in 15 7Z polyacrylamide gel (33).

Electric birefringence measurements

The principle of the TEB method is to orientate the macromolecules by means
of an electric field E (34). This orientation gives rise to a positive or nega-
tive birefringence An with An = n, - n_, where n, and n, are the refractive
index of the solution in directions parallel and perpendicular to E. An is re-
lated to the optical phase retardation § by :

SA
An—m (1
where A is the wavelength of the incident light in vacuum and 1 is the Kerr
cell path length. ’

At low fields, An is proportional to E° (Kerr's law) and a specific Kerr
constant B is defined as

2
B = (Aneq/AcE )E . (2

¢ is the solute concentration and Aneq is the steady state value of An.
The birefringence apparatus is described elsewhere (35) : it uses a stable
and noise-free He-Ne laser with A = 6328.107/ cm. Rectangular pulses having

amplitudes up to 1200 volts were applied (with a duration varying from 40 to
300 usec). The signals displayed on a fast oscilloscope were photographed.
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Table I : Birefringence sign of rat liver chromatin

- Histones (36)
P951tLYe - Large nucleosome oligomers (n > 7)
Birefringence
- Whole chromatin
- DNA™
Negative - Core particle
Birefringence - Small nucleosome oligomers (n < 6)
- H1 depleted chromatin

The hexanucleosome presents no birefringence.

*Recent studies on nucleosomal DNA (37) have never shown a reversal
of the sign as reported for short fragments by Houssier et al. (40). This
was perhaps due to partial induced field denaturation.

Results and discussion

The sign of electric birefringence(or dichroism)of chromatin subunits gives
information about their orientation, this one being due to the orientation of
DNA wrapped around the protein core. Table I summarizes the results obtained
in our laboratory.

The negative sign of core particle and mononucleosome is now well establi-
shed and implies superhelical axis of DNA parallel to the short axis of the
nucleosome disk (or oblate ellipsoid) (29,38,39).

For whole chromatin and nucleosome oligomers, our results differ from those
previously reported which always showed negative signal (38,40). In fact, the
very close values of birefringence for whole and Hl-depleted chromatin found
by Houssier et al. (40) indicate for the first one the removal of a part at
least of histone Hl. Furthermore,that such a "whole chromatin' exhibits posi-
tive signals in presence of Mg2+ or Mn2+ support this notion. Divalent cations
are indeed known to be implicated in the maintenance of higher orders of struc-
ture (17,24).

We observe positive signal of birefringence for whole chromatin containing

its full complement of five histones with protein/DNA and A /A ratios of

2
respectively 1.65 and 0.78. This result is in agreement wit§38hegigtical calcu-
lations assuming a superhelical arrangement of nucleosomes with DNA uniformly
supercoiled (41). In this model, the superhelical axis of nucleosomes is paral-
lel to the long axis of the helical array. The change of the sign observed for

smaller oligomers (n < 6) could thus be explained by a modification of the oli-

gomers organization for the shorter chains of nuclecsomes (29).
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The removal of histone Hl from whole chromatin either by the cation exchange
resin treatment or by increasing the salt concentration (0.6 M NaCl) induces a
reversal of birefringence which becomes negative. Two explanations can be pro-
posed for this negative sign

a) The compact structure is conserved with a modification of the orien-
tation of the nucleosomes axis which could be thus perpendicular to that of the
chromatin superstructure (41)

B8) The compact structure is unfolded in an extended form with then a
greater participation of the DNA to the total birefringence.

Electron microscopy datas are not consistent with the first hypothesis.
Indeed,it has been observed that the compact structure with fibers of about
250 A in diameter open up into a thin filament of 100 A in diameter ; this one
is described by the familiar "beads on a string' form in which the nucleosomes
are connected by segments of DNA (12,18,24,42,43)., This model is quite in agre-
ement with the second hypothesis proposed above.

We verified this interpretation by studying TEB of Hl-depleted oligomers
;g;gm of 3600 deg.cmz.dmoleul. Gel

electrophoresis of the different fractions revealed no trace of histone HI.

which present a mean molar ellipticity {@}

For each oligomer, birefringence An is negative and proportional to optical

density (in the range 0.6 to 4 A, /ml) : so, it can be expressed in term of

specific birefringence. No deteciggle change was noted in the optical signal
when a number of pulses (about twenty) was applied and after a 5-6 days sto-
rage at 4°C.

Figure | shows the variation of specific birefringence as a function of

subunits in the multimer (n) for two applied fields. The linearity observed con-
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Figure 1 : Variation of steady state specific birefringence as a function of n,

number of subunits in the fractions.
The electric fields applied were 3750 V/em (O) and 2250 V/cm (@).
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Figure 2 ¢+ Variation of the specific Kerr constant B as a function of n for HI-

lacking (@) and Hl-containing (O) oligonucleosomes.

firms the presence of an extended conformation for Hl-depleted chromatin with
the length of DNA participating to the birefringence proportional to the num-
ber of subunits.

In order to estimate the part of this DNA length which is no more protected
by proteins, these TEB response curves are compared with those of Hl-containing
oligonucleosomes (29) by calcdating the specific Kerr constants, B. For this
purpose, the field dependence of £An was studied for each oligomer, Linear re-
lations were found between Aneq/A260 and EZ and B were determined from equa-
tion (2. Figure 2 shows the comparison of Kerr constants. For each oligomer, B
increases when Hl is removed and the increase is proportional to n. This cor-
responds to the segment of DNA which was associated with Hl and now connects
the beads, as revealed by electron microscopy of such fractions (Marion, Roux,
De Murcia, unpublished results).

The increase of B has a mean value of —5.103 e.s.u. per nucleosome. Consi-
dering the Kerr constant per base-pair (bp) of DNA (-0.18 . 10_3 e.s.u.) (37),
the bridge distance between two beads corresponds to 32 bp of DNA. This experi-
mental result is in good agreement with enzymatic (42) and hydrodynamic (25)

studies which lead to conclusion that HI protects either 30 or 35 base-pairs of DNA
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Our experiments show that the histone core of H2A, H2B, H3 and H4 can itself
so protect 195-32 = 163 bp of DNA. Recent works on rat liver (43) or calf thy-
mus (44) chromatin have respectively shown that 168 or 166 bp rather than 145,

as described before, are originally associated with the core histones.

In conclusion,the removal of Hl from chromatin induces a transition from an
helical compact conformation to an extended 'bead and bridge'" structure in
which about 32 base-pairs of DNA connect two consecutive beads. So we propose
the following scheme for DNA in rat liver nucleosomes (195 bp) : 163 bp are as-
soctated with the histone core and 32 bp form the linker DNA, rather than res-

pectively 145 and 50.
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