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1. Introduction

The existence of protease(s) which rapidly and
preferentially degrades histones is now well docu-
mented (see {1—4], and literature cited). As the
reconstitution of chromatin and the biological role
of histones are studied further, this protease will be
of even greater concern that it is now. Thus far, the
best methods for blocking this activity employ a very
high concentration of NaHSO;, 50 mM, and/or low
pH’s, 5—6 [3] either of which may have undesirabie
effects. In this report, we describe a new way of in-

hlhlfma the histone protease, chhﬂnlno the histones

of rat 11ver, and some improved COIldlthIlS for storage
in solution.

2. Materials and methods

Chromatin an nd t

frozen male rat liver (Pel Freeze Biologicals, Rogers
Ark.) as described elsewhere [5]. The proteins in this
chromatin were dissociated in 3 M NaCl, 10 mM Tris
pH 8, separated from DNA on BioGel A-50 m and
then precipitated with 95% saturated (NH4),SOy.
Finally, the histones were removed from the other

chromosomal hrnfplnc by adsorntion onto RigRex 70

COIOIOSOMIal PTOCIS Oy aUsOIP ULl OO0 DIORCA

from 0.4 M NaCl, 10 mM Tris pH 7 and collected by
elution with 1 M NaCl, 1 mM NaHSQj3, 10 mM Tris
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pH 7 to give a solution with about 1.2 mg/ml histone.
For studies on storage conditions, aliquots of this
solution were modified in composition by additions
or by dialysis.

PMSF (phenylmethylsuifonyl! fluoride) from Cal
Biochem was dissolved initially in isopropanol and
thence diluted with H,O to give a stock solution with
I mM PMSF and 10% isopropanol. Histone solutions
(eluants from BioRex described above) were adjusted
to the appropriate concentration of PMSF and
dialyzed 24 hr against 10 mM Tris pH 7 with PMSF
at 4°. PMSF was also removed from some of these
samnples by dm]vﬂna against 2000 vol of 10 mM Tris

pPats Dy Qlaly L300 paiilsl LUV VYOI O

pH 7 for 24 hr.

Samples were taken from the various stored histone
solutions and dialyzed against 7 M deionized urea at
4° for at least 24 hr. Shortly before electrophoresis,
about 1/20 vol of mercaptoethanol was added to the
histone solution.

Al of the gels (about 0.6 X 7 em) in this report

All of the gels (al 7 cm) in this report
were prepared and run according to the method of
Panyim and Chalkley {6]. These contained 0.9 M
acetic acid, 2.5 M urea and 15% acrylamide. After

3 hr of preelectrophoresis, the gels were loaded with
sample (75 ul were used in gels shown in figs. 1A and
B), run for 3 hr at 2 mA per gel, stained with 1%
Amidoschwartz in 40% ethanol--7% acetic acid and

AILGOSCHWaI WL ML 70 LullailOn 70 alo il quiv ait

destained electrophoretically in the ethanol—acetic
acid solution alone.

3. Results
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Fig. 1. Analytical polyacrylamide gels with acidic urea (method of Panyim and Chalkley [S]). Direction of movement downward.
A) Left to right: (1) Reference ~— Histones after elution from BioRex 70. (2) Same histones after dialysis against 10 mM Tris pH 7
for 24 hr. B) Left to right; (1) Reference — Histones treated with 100 uM PMSF (pH 8) for 24 hr. (2) Histones treated with

10 uM PMSF (pH 8) for 24 hr. (3) Histones dialyzed against 10 mM Tris pH 8 for 24 hr. (4) Histones treated with 100 uM PMSF

(pH 8) for 24 hr then dialyzed against 10 mM Tris pH 8 for 24 hr.

exchange resin BioRex 70 followed by elution with

1 M NaCl contain the histone proteolytic activity even
though they are loaded in 0.4 M NaCl which prevents
adsorption of most nonhistone proteins [5]. As a
result, the histones prepared from BioRex 70 are
highly unstable and do not store well.

In order to stabilize the histones for storage and
eventual use in other studies, we tested a variety of
storage conditions. Freezing, of course, halted the
proteolytic activity but only while the samples were
frozen, otherwise it did not seem to affect the histones
in any way which could be detected on acidic urea
polyacrylamide gels. After some guesswork and
testing, we found that these histones were stable at
4° in a combination of 1 mM NaHSO3, Tris at pH 7
and NaCl at 1 M or greater, and thereafter, this solu-
tion was used to elute the histones from BioRex.
Histones could be stored in this solution for at least
2 weeks at 4° without changes that can be detected
with acidic urea gel electrophoresis. Not only does
removal of NaHSO5 and NaCl or any substantial
decrease in their concentrations destabilize these
histone preparations (fig. 1A), but even removal of the
NaCl alone results in a similar degradation of the

histones at pH 7. Fig. 1A also illustrates the differen-
tial susceptibility of the different histones to degrada-
tion; histone I (the uppermost dark band in the gels)
is relatively resistant, while the other histones are
degraded relatively rapidly and at roughly the same
rate (a detailed study might well show some differ-
ences). As the histone bands decrease in stainability,
other bands which run ahead of the histones increase.
These are probably large fragments derived from the
histones.

The proteolytic inhibitor, phenylmethylsulfonyl
fluoride (PMSF) [7], blocks the histone hydrolyzing
activity when used at 100 uM with similar results at
pH 7 and pH 8 (fig. 1B). At 10 uM, degradation is
retarded somewhat; however, it still occurs. The
100 uM PMSF can be dialyzed out of this histone
solution and the solution stored at pH 8 in the absence
of NaHSO3 of NaCl for about 24 hr without notice-
able degradation. Histones handled in this way without
PMSF treatment show extensive degradation.

Unlike the 50 mM NaHSO3 commonly used, the
inhibitory level of PMSF (100 uM) does not strongly
absorb UV at 230 nm, a wavelength which is useful
in estimating protein contents especially in column
eluants.
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4. Discussion

The protease(s) which degrade the histones present
a serious obstacle to many types of studies on the
histones themselves and also studies of their interac-
tion with nonhistones and DNA as in reconstitution.
Not only is this activity present in histones prepared
without acid extraction (e.g., adsorption onto BioRex
70), but it has even been noted in HCI extracts of
chromatin [2].

We found that these histones could be stabilized
for storage at 4° in 1 mM NaHSO3, 1 M NaCl, Tris
pH 7. Very high concentrations of NaHSO5 such as
50 mM were not needed. Contrary to earlier reports
[3, 4], we found the histone hydrolyzing enzyme(s)
to be very active at low salt concentrations. Furlan
and Jericijo [1] also noted substantial activity at low
salt concentrations. The lower salt concentration
could cause the histones to precipitate thereby becom-
ing less accessible to the protease [4]. We did not
observe any significant precipitation in our histone
solutions at low salt concentrations; however, it must
be noted that our histones were prepared and handled
in a different way. Up to now, the principal method
for blocking this activity has been with NaHSO; at
high concentrations (50 mM), which is undesirable
not only because it may interfere with chromatin
isolation [8] and measurement of the protein but
contributes to ionic strength not to mention other
possible effects on histones, other proteins, and even
DNA [9]. Furthermore, the inhibitory effect of
NaHSOj is readily reversible. Thus we sought to find
a better method for inhibiting the protease(s) and
tested PMSF, a proteolytic inhibitor which functions
much like the highly toxinc diisopropyl phosphoro-
fluoridate (DPF) by binding serine in the active site
[7]. It turned out to be a powerful inhibitor of
histone degradation, and it is not reversible within a
period of 24 hr; however, since the phenylmethyl-
sulfonyl group is slowly released from a-chymotrypsin
[7], this group is probably eventually lost from the
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histone hydrolyzing enzyme too. Thus the proteolytic
activity would probably eventually be reactivated,

but the time required would depend on the conditions.
Pharmacological studies suggest that PMSF should not
be as toxic as DPF [10]. Not only is PMSF useful in
stabilizing histones in solution during studies on
chromatin reconstitution, etc., but it may be helpful
in the preparation of histones by milder procedures
such as that described by us elsewhere [5].
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