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In eukaryote cells chromatin is composed of DNA, histone and nonhis tone  pro-
teins. Among them histone was isolated from chromatin by the replacement with
protamine. followed by a gel filtration for the separation of whole histone from
the residual protamine. Whole histone was further fractionated to two fractions,
A and B. These histone preparations were more native and soluble than that ob-
tained by acid extraction. A DNA-protein complex, nucleosome was prepared by
the DNase II digestion of calf thymus chromatin, but perfect digestion to nucleo-
some monomer could not be carried out. Protein: DNA ratio of this nucleosome
(2.07) suggested that nonhistone proteins were also present in nucleosome.

INTRODUCTION

Catecholamines (CA) such as adrenaline, which were enzymatically syn-
thesized from tyrosine and phenylalanine, can break chromatin DNA in cul-
tured mammalian cells (Murakami et al., 1975). On the other hand, “C-ad-
renaline added in culture medium was incorporated into cells. That most of
incorporated adrenaline was detected in nucleus especially in DNA fraction,
suggested a possibility that these CA could attack directly to break cellular
chromatin DNA (Yamada  et al., 1978). Since in eukaryote cells DNA exists
in the form of chromatin which is composed of DNA, histone  and nonhistone
proteins, interactions between CA and these chromatin components must be
clarified. Thus separations of histone  and nucleosome, a DNA-protein com-
plex, were carried out.

Acid extraction have been used for the preparation of histone  (Bonner et

al., 1968). However it was necessary to use more mild preparative method
because of denaturation being inevitable in this method. In this paper his-
tone was prepared mainly according to the method of Westhuyzen and Holt
(1971). On the other hand it has been thought that chromatin might have a
repeated structure according to its X-ray diffraction pattern (Zubay and Wil-
kins, 1962) or electron microscopic study (Olins and Olins, 1974). The pres-
ense of this ordered structure was ascertained by DNase digestion of chro-
matin; i. e. an unit particle with a sedimentation coefficient between 11 to
12 S could be obtained by the treatments of chromatin with various DNases
(Noll, 1974). In this paper the results of DNase II digestion of calf thymus
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chromatin were shown.
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MATERIALS AND METHOD

Reagents
Since protamine sulfate (Sigma) contains histonelike impurities, it was

used after a recrystalization  in a mixture of 0.05 M CH$ZOONa,  0 . 0 5  M
NaHSO, and 2 M NaCl. DNase II (250units/mg) was  purchased  f rom Miles-
Seravac Co. and all other chemicals used were reagent grade.

Preparation of histone

Calf thymus obtained from a slaughter house was immediately frozen,
then the tissue weighing 50g was dissected in the cold room to remove any
connective and necrotic tissue and then cut into small pieces, followed by a
homogenation in 250 ml of C-buffer (0.14M NaCI, 0.01 M trisodium citrate,
0.05M NaHSO,) with Waring blender. Homogenate was filtered through four
layer gauze, and filtrate was then centrifuged for 15 min at 15OOg to precipi-
tate the chromatin fraction. After rinsing several times with C-buffer, chro-
matin was suspended in 100 ml of a mixture of 0. 10M  NaHS03  and 0.10 M
CH$COONa  (pH 5.0). Then 100 ml of 4M NaCl was gradually added to the so-
lution to solubilyze chromatin while agitating with a magnetic stirrer. Super-
natant  obtained after centrifugation for 20 min at 10, OOOg was used as chro-
matin solution in following experiments. This chromatin solution (ca. 4mg/
ml) was mixed with an equal volume of protamine solution (ca. ZOmg/ml).
The buffer of the chromatin solution was replaced by C-buffer containing
0.15M NaCl to precipitate its DNA-protamine complex, since the complex was
insoluble to the saline solution. Then the supernatant was obtained by the
centrifugation at 10, OOOg for 20 min. Absence of DNA in the supernatant
was confirmed by the measurement of the absorption at  260 nm. The
histone-protamine mixture thus obtained was fractionated with a Sephadex G-
50 column (3. 7 x 90 cm) bufferized with a mixture 0.05M NaHS03 and 0.05 M
CHKOONa (pH 5.0) to remove protamine. Histone fraction was concentrated
with a collodion bag and further divided into fraction A and B with a Sepha-
dex G-100 filter (2.5 x 95 cm) equilibrated with the same buffer.

Estimation of histone
Whole histone  solution obtained above was dialyzed to deionized water to

remove any salts and lyophilyzed. The known weight histone  was dissolved
in 0.1 N HCl to make a calibration curve by the measurement of the absorp-
tion at 230 nm. By the use of histone  sulfate, which was extracted directly
from chromatin pellet with 0.2 N H,SOa  then prepared by ethanol precipitation,
a calibration curve was also described.

Preparation of nucleosome

Nucleosome was prepared according to the method of Oosterhof et al.
(1975). Five ml of chromatin solution was layered on a centrifugal tube con-
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taining 25ml of 1.7M sucrose and centrifuged at 22, OOOrpm for 3 hr with
Beckman SW-25 rotor to further purify. After several times of rinsing with
D-buffer (5 mM NaHSO,, 0.1 mM Na,EDTA,  adjusted pH at 7.0 with solid
Tris), chromatin was suspended in the same buffer resulted in the concen-
tration of 200~g/ml with regard to DNA. One tenth volume of DNase II so-
lution (lOOunits/ml) was added to this suspension and incubated at 37°C.
Reaction mixture was added into an equal volume of S-buffer (5mM NaHS03,
0.1 mM Na,EDTA, 50 mM Tris) to terminate the enzymatic digestion.

Process of the digestion was followed by the measurements of the absorp-
tions at 260 nm of soluble and acid soluble fractions. One ml of the reaction
mixture was added into 4ml of S-buffer, followed by centrifugation at 3, OOOg
for 10 min to obtain its supernatant (soluble fraction). Another one ml was
added into 4 ml of 5 96 PCA, the mixture was stood for 30 min at 0°C and cen-
trifuged at 3, OOOg  for 10 min (acid soluble fraction). To examine the molecu-
lar size of nucleosome, 0.4 ml of digest was layered on the top of 4.6ml of
5-20 % sucrose density gradient, followed by centrifugation at 40,000 rpm for
5 hr with Beckman SW-50 rotor. Gradient buffer used was the mixture of
5 mM Na,HS03,  0.1 mM Na,EDTA and 25 mM Tris.

Chromatin digest obtained above was centrifuged at 10, OOOg for 20 min to
remove any insoluble materials. After addition of 2M NaCl (final concentra-
tion, 0.14M) this supernatant was stood at 0°C for 30min. The nucleosome
fraction precipitated was collected by centrifugation, then extracted with
10mM acetate buffer (pH 7.0). About 20 % of starting nucleic acid was re-
covered in this nucleosome solution.

Determination of protein: DNA ratio in nucleosome
One ml of 1 N H,SOa was mixed with 4ml of the nucleosome solution to

precipitate the DNA. After standing at 0°C for 30min,  this mixture was cen-
trifuged at 10,000 g for 20 min. The content of basic protein which existed in
the supernatant was quantitatively estimated by the use of the calibration
curve prepared above. Precipitate was dissolved in 5 ml of 10 mM acetate buff-
er (pH 7.0) to determine the DNA content by the absorption at 260 nm.

RESULTS AND DISCUSSION

1. Preparation of histone
Frozen chromatin pellet was difficult to re-suspend for its remarkable

aggregation which lowered the recovery of histone. Thus immediately after
the preparation of chromatin, histone was separated. When the NaCl con-
centration in the mixture of chromatin and protamine was lowered from
2. OOM to 0.15M by the dialysis against the buffer containing 0.15M NaCl,
DNA-protamine complex precipitated to the bottom of dialysing tube. The
result of Sephadex G-50 separation of the supernatant obtained from dialyzed
solution was shown in Fig. 1. Histone  eluted first giving a sharp peak and
protamine gave a broad one in lower molecular region. Though Westhuyzen
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Fig.  1.  Gel filtration on Sephadex G-50 of a mixture of histones a n d
pro tamine  ob ta ined  a f te r  p rec ip i ta t ion  of  DNA by  pro tamine .  A 50ml
sample was applied to Sephadex G-50 equilibrated with 0.05M NaHS03,
0.05M  CHsCOONa (pH 5.0). Bed dimensions: 3.7~90 cm. Flow rate : 3 0 0
ml/hr.  Fraction volume : 10 ml.
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Fig. 2. Gel filtration on Sephadex G-100 of histones  from calf thymus.  A
5 ml sample was applied to Sephadex G-100 equilibrated with 0.05M
NaHS03,  0.05M CH&OONa  (pH 5.0). Bed dimensions: 2.5~ 95 cm. Flow
rate : 15 ml/hr. Fraction volume : 6ml.

and Holt (1971) had concentrated this histone fraction by freeze-drying, we
concentrated it with a collodion bag at 5°C because of the aggregation of
histone as well as chromatin, after freezing. By the Sephadex G-100 separa-
tion of this concentrated solution histone  was fractionated to two fractions,
A and B as shown in Fig, 2. Fraction A contains H 1, H 3 and H 4 and frac-
tion B contains H2A  and HZB (Kornberg and Thomas, 1974). Since much the
same weight of these five histones  exist in chromatin (Johns. 1967),  weight
ratio of fraction A to B in chromatin is expected to be about 1.5. How-
ever in the result of Sephadex G-100 fractionation it was about 0.6. This
low recovery of fraction A can be attributed to following reasons. The first
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reason would be the loss of H 1 during chromatin preparation because of its
weak binding ability to DNA (Akinrimisi et al., 1965). On the other hand,
strong binding abilities of H3 and H4 to DNA would result in low recovery
during isolation of histone. When DNA was precipitated with protamine,
small amounts of H3 and H4 were detected in the precipitate, but none of
H 1, H2A and H2B (Westhuyzen and Holt, 1974). Moreover stronger aggregation
of H 3 and H4 also lowers the recovery of them. Kornberg and Thomas
(1974) revealed that H3 and H4 were more tend to form big coaggregates
than H2A and H2B.  In prolonged reservations at 5°C some precipitate occu-
rred in fraction A but none in fraction B. Formation of these big aggregates
would hamper the recovery of the former during Sephadex gel filtrations. In
the fractionations  using Sephadex gel, the recovery of histone  was only 70
to 80%. Histone fraction retained in the gel eluted with 0.1 N HCl.  Since
denaturation of histone  being inevitable at such a low pH, however, resulted
in lower solubility and more aggregation, elution of histone  was carried out
at pH 5.0.

Calibration curve of histone  was prepared using whole histone  obtained
after Sephadex G-50 separation, as shown in Fig. 3. Histone  has little absorp-
tion at 280nm for its low content of aromatic amino acids and has a peak at
210nm based on peptide  bonds. Since some of buffer components also gave
an absorption in the vicinity of 200nm, histone  was determined by its ab-
sorption at 230 nm. Whole histone  solution (mg/ml) gave an A,,, value, 2.35,
which was equal to that of histone  prepared by acid extraction. Since this
absorption is based on peptide  bond, it would not be influenced with dena-
turation of histone.

0 100 200 300 400 500

Histonc  Lug/ml)

Fig. 3. Calibration curves of histones. Dried whole histone obtained by
Sephadex G-50 separation was dissolved in 1 N HCI to measure the absorp-
tion at 230 nm, l -m. Histone sulfate obtained by acid extraction was
also dissolved in deionized water to describe a calibration curve, o-o.

2. Preparation of nucleosome
Calf thymus chromatin was quickly digested by DNase  II and solubilyzed

almost perfectly by a 2 hour-digestion. Following slower increase in the ab-
sorption at 260 nm of the soluble fraction would be due to hyperchromisity
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Fig. 4. DNase II digestion of chromatin  f rom ca l f  thymus .  Chromat in
solution containing 200 pg/ml  of DNA was mixed with one tenth volume
of DNase  II solution (lOOunits/ml)  and  incuba ted  a t  37°C.  Al iquots  o f
the digested solution were added to 4 ml of S-buffer or 5 % PCA,  then
the mixtures were centrifuged at 3000g for 10 min with or without in-
cubation at 0°C for 30min.

occurred by the breakage of phosphodiester linkage of DNA, since the frag-
mentation of DNA compensated the hypochromisity provoked by the basal
stacking in highly polymerized DNA. On the other hand, the acid soluble
fraction increased linearly with reaction time and reached to the maximum
after 7 hr, when the acid soluble material in the reaction mixture reached
about 60% of the total nucleic acid. Difference between soluble and acid
soluble materials represents higher molecular substances in the digestion
mixture. It gave the maximum after 2-3 hour incubation, and then indicated
an almost constant value after a little decrease (Fig. 4).

The ultracentrifugal pattern of the digestion mixture which was treated
for 8 hr was shown in Fig. 5. Although monomer peak appeared at fraction
17, oligomer peaks containing dimer to pentamer  also existed. Nucleosome was
precipitated from this 8 hour digested solution by the addition of 2M NaCl
(final concentration, 0.15 M) and re-extracted with 10 mM acetate buffer. In
this extract low molecular components over fraction 20 were not present at
all. However weak shift of the peaks of nucleosome to higher molecular side
suggested that nucleosome slightly aggregated during this precipitation. Since
the same polymerization was recognized remarkably when the digested solu-
tion was freezed and thawed, freeze-reservation of the solution should not be
favored,

Protein: DNA ratio of this nucleosome was 2.07. The value was fairly
consistent with the result obtained by Lacy and Axe1  (1975) who reported
that protein: DNA ratio of rat liver nucleosome was 2.0 and only 60 % of its
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Fig. 5. Sedimentation pattern of DNase II digested calf thymus chroma-
tin. 0.4ml  of reaction mixture digested for 8 hr was put on the top of
5-20 % sucrose density gradient (4.6 ml), followed by centrifugation at
40,000 rpm for 5 hr with Backman SW-50 rotor. After centrifugation,
DNA content of each fraction was determined with Hitachi Photo-electronic
Spectrophotometer. The sedimentation was from right to left of this
figure.
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protein was histone.  Accroding to the data of No11 (1974) using rat liver
nucleosome similarly, however, the ratio was 1.3 and its protein was com-
posed of all five histones  and a little of nonhistone proteins. Other experi-
ments also showed it 1.3-2.0 (Rill and Van Holde, 1973; Sahasrabuddhe and
Van Holde, 1974). In these data histone content is almost constant, but that
of nonhistone protein is very variable. Our result suggested that the subunits
contained nonhistone proteins in amounts analogous to that of intact chro-
matin. The protein complement of the isolated nucleosome therefore mirrors
the pattern observed in the native chromatin from which the subunits were
originally isolated.

As shown above, 60 % of the total nucleic acid in chromatin became to be
acid soluble by the DNase II digestion for 8 hr. However even in this condi-
tion, perfect digestion to monomer was not occurred. The relationship be-
tween the acid solubility and the grade of degradation of chromatin was dif-
ferent with the nuclease used; The maximum of the acid solubility of chro-
matin was 60 % in DNase II (Oosterhof et al., 1975),  10 % in staphylococcal
nuclease (Mandel and Fasman, 1976) and 21.5 % in rnicrococcal  nuclease
(Olins et al., 1976). The disagreement of these data on the acid solubility
might be due to the degree of digestion of the DNA moiety which linked
nucleosomes each other. It supports the presumption that nucleosome mono-
mers obtained by the digestion with various nucleases  have almost the same
sedimentation coefficient (ll-12S), but the lengths of their DNA vary from
105 to 180 base pairs.
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