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1. Introduction

Histone degrading enzymes in various tissues have
been described by several authors [1—-6]. From our
studies on the subcellular distribution of histone
degrading enzymes an enzyme with high specificity
for chromosomal proteins has been found [6]. In
the present communication we report on the limited
proteolysis of the very-lysine-rich histone H1 by this
proteinase.

2. Materials and methods

The insoluble proteinase was prepared from rat
liver mitochondria which had been treated with
digitonin to remove lysosomal contamination [7].
The digitonin-treated mitochondria were frozen and
thawed twice, centrifuged through 1.7 M sucrose—
10 mM Tris, pH 8 for 2 h at 160 000 g. The sediment,
which contained approx. 22% of the proteinase
activity, was suspended in distilled water and used
for the experiments described. Solubilization and
purification to homogeneity of the enzyme could
be achieved after treatment with 0.5 M potassium
phosphate buffer, pH 8.5 for 2 days, acetone frac-
tionation (60% v/v), adsorption to hydroxylapatite
and Sephadex G 75 gel filtration [8].

3. Results

Histone H1, which was isolated from total rat
liver histones by extraction with 0.5 N HC10, [9],
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was incubated with proteinase isolated from the
mitochondrial fraction. The degradation pattern

of histone H1 by the action of the neutral rat liver
proteinase is depicted in fig.1a—e. The formation

of one major degradation product is observed, even

if the time of incubation is extended or the amount
of enzyme is increased indicating a limited proteolysis
of H1. From the electrophoretic mobility in SDS-
acrylamide gels a mol. wt. of 13 000 + 10% has been
estimated for the fragment.

When a mixture of total rat liver histones, including
H1, was incubated with the proteinase under condi-
tions that led to complete degradation of pure H1
alone, only 20% of H1 was degraded. Under these
conditions all the other histones were degraded at
about the same rate (not shown). When histone H1
was complexed to calf thymus DNA, only 30% of
H1 was found to be degraded; a similar observation
has already been made by Bartley and Chalkley using
proteinases associated with calf thymus chromatin [1].
To study the effect of phosphorylation on the sus-
ceptibility of H1 to the mitochondrial proteinase,
histone H1 was isolated from chromatin of regenerat-
ing rat liver 24 h after partial hepatectomy. No
difference in the degree and pattern of degradation
was observed between this preparation and the usual,
unphosphorylated preparation from normal rat liver.

The histone degrading enzyme purified from the
rat liver mitochondrial fraction [8] shows a high
degree of substrate specificity. It is shown in table 1
that, among a variety of proteins tested, only histones,
non-histone chromosomal proteins and glucagon were
found to be degraded. Although it was possible to
solubilize the mitochondrial proteinase in 0.5 M
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potassium phosphate buffer, pH 8.5, we have used the
insoluble form of the proteinase for the incubation
with the various substrates, since the reaction could
easily be stopped by removal of the enzyme from the
incubation mixture by centrifugation. The proteinase
action on the various protein substrates was examined
by SDS-acrylamide gel electrophoresis as detailed

in the legend to table 1. Among several synthetic

a b C d e

Fig.1. Degradation pattern of rat liver histone H1. (a)

Histone H1, (b) histone H1 plus proteinase, incubated for

3 min, (¢) 6 min (d) 10 min (e¢) 30 min. The incubation
mixture contained, in a total volume of 0.1 ml: 5 umol of
Tris/HCIl, pH 8, 18 umol of histone H1 and 8 ug of proteinase
(specific activity 2.0 umol N-acetyl-L-tyrosine ethyl ester
split/min X mg protein) (b—e). After incubation at 37°C

the reaction was stopped by the addition of 20 ul of 4.5 N
acetic acid. The acrylamide gel electrophoresis was carried
out according to [10].
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Table |
Substrate specificity of the proteinase

Substrate Degradation

% of control
Histone H1 100
Total histones 46
Non-histone chromosomal proteins 48
Ovalbumin 3
Myoglobin 6
Cytochrome ¢ 3
Bovine serum albumin 5
Lysozyme 7
Insulin 3
Glucagon 95
Azocasein 0
Azocoll 0

The proteinase assay contained in a final volume of 0.1 ml,
Tris/HCl, pH 8.0 5 umol; protein substrate, 15—50 ng; and
insoluble proteinase, 0.02 mg (specific activity 0.2 umol
N-acetyl-L-tyrosine ethyl ester split per min X mg). After
vigorous shaking for 60 min at 37°C the incubation mixture
was centrifuged for S min at 15 000 g. Twenty ul of super-
natant was mixed with 20 ul of 2% SDS, 2% 2-mercapto-
ethanol and 0.05 M Tris, pH 8.1 and kept at 95°C for 5 min.
After the addition of 5 ul of bromophenolblue (0.01%) and
10 u of glycero! (87%), the mixture was applied to SDS gels
[11]. The protein of the band obtained from incubations
without added proteinase was used as control (= 100%).

In experiments with azocasein and azocoll the incubation
mixture contained, in a total volume of 0.5 ml; Tris/HCI,
pH 8, 0.05 mmol; azocoll or azocasein, respectively, 12 mg;
and proteinase, 0.12 mg (specific activity 0.2 umol N-acetyl-
L-tyrosine ethyl ester split per min X mg). After 60 min at
37°C, 0.5 ml of 10% TCA was added. After centrifugation
the clear supernatants were measured at 520 nm or 422 nm,
respectively, against a blank without addition of enzyme.

substrates only N-acetyl-L-tyrosine ethyl ester and
benzoyl-L-arginine ethyl ester were suitable substrates.

4. Discussion

As can be seen from fig.1, a weaker second protein
band in addition to H1 is found. Microheterogeneity
of histone H1 has been observed by others [12].

From the primary structure of histone H1{12] it is
known that the histone molecule consists of a
hydrophobic, a-helical part and a hydrophilic part



Volume 63, number 1

containing most of the lysine and proline residues.
Probably, only this hydrophilic, basic part of the
molecule is bound to DNA [12]. Although we have
not carried out an amino acid analysis on the histone
H1 fragment obtained after the limited proteolysis,
it is likely that it is formed from the basic part of the
histone H1 molecule, because of its high mobility
in low pH acrylamide gel electrophoresis [10].
Further work is required to establish whether
the proteinase described here has any physiological
role in the degradation of chromosomal proteins.

Acknowledgements

The authors thank Professor Dr R. Switzer for the
critical reading of this manuscript.

FEBS LETTERS

March 1976

References

[1] Bartley, J. and Chalkley, R. (1970) J. Biol. Chem.
245,4286-4292.

[2] Kurecki, T., Toczko, K. and Chmielewska, 1. (1971)
Bull. Acad. Polon. Sci. Ser. Sci. Biol. 19, 627—-631.

[3] Garrels, J. L., Elgin, S. C. R. and Bonner, J. (1972)
Biochem. Biophys. Res. Commun. 46, 545-551.

[4] Chong, M. T., Garrard, W. T. and Bonner, J. (1974)
Biochemistry 13, 5128-5134.

[5] Destree, O. H. J., D’Adelhart-Toorop, H. A. and
Charles, R. (1975) Biochim. Biophys. Acta 378,
450-458.

{6] Heinrich, P. C., Raydt, G., Puschendorf, B. and
Jusic, M. (1976) Eur. J. Biochem., in the press.

[7] Loewenstein, J., Scholte, H. R. and Wit-Peeters, E. M.
{1970) Biochim. Biophys. Acta 223, 432.

[8] Jusic, M., Seifert, S., Weiss, E., Haas, R. and Heinrich,
P. C. (1976), in manuscript.

[9] Balhorn, R. and Chalkley, R. (1975) in: Methods in
Enzymology Vol. 40, (B.W.O’Malley and J. G. Hardman,
eds.), p. 138; Academic Press, New York, San Francisco,
London.

[10] Panyim, S. and Chalkley, R. (1969) Arch. Biochem.
Biophys. 130, 337-346.

[11] King, J. and Laemmli, U. K. (1971) J. Mol. Biol. 62,
465--471.

{12} Phillips, D. M. P. (1971) in: Histones and Nucleo-
histones (Phillips, D. M. P., ed.), pp. 41-83; Plenum
Press, London and New York.

119



