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The order in which the core histone tails in chicken erythrocyte chromatin are attacked by trypsin has been 
reinvestigated. Results are presented to demonstrate that in the absence of linker histones Hl and H5 the 
relative order of core histone degradation by trypsin can be altered by changing the salt environment. In 

native chromatin, the presence of linker histones Hl and HS inhibits this salt-dependent transition. 
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1. INTRODUCTION 

Each of the chromosomal histone proteins con- 
tains both folded and unstructured domains. 
Histones H3, H4, H2a and H2b all have, at their 
NH-termini, a stretch of unfolded residues [l-3]. 
Histones H3 and H2a also have short COOH- 
terminal ‘tails’ [1,3]. The linker histones, Hl and 
H5, have unstructured ‘tails’ at both NH- and 
COOH-termini of the molecule [4,5]. The core 
histone tails are not essential for maintaining the 
core particle integrity [6] and their primary func- 
tion may involve the determination and stabilisa- 
tion of the chromatin higher order fibre [6-81. 
Similarly, although located on the nucleosome by 
its globular domain [5], the capacity of Hl, or H5, 
to condense the chromatin fibre is a characteristic 
property of the tails of this molecule [5]. 

Each of the histone proteins is sensitive to pro- 
teolytic degradation by trypsin, which cleaves 
primarily at the arginine and lysine residues within 
the tails of these molecules, giving rise to a relative- 
ly trypsin-resistant folded region for each histone 
[l-5]. Trypsin attacks each of the core histones at 
different rates, a property which is apparent after 
gel analysis of the histones derived from a time 
course of trypsin digestion of chromatin [9-111. 
For example, authors in [9] showed that for 
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chicken erythrocyte chromatin the degradation 
order was H3 = H4 > H2a = H2b. The order ob- 
tained in [lo] was similar, H3 > H4 > H2a = H2b, 
although H4 was clearly relatively more resistant. 
In contrast, Lilley and Tatchell [I 11, using chicken 
erythrocyte core particles, observed an order of 
H3 > H2a > H4 > H2b. Although the manner in 
which chromatin is prepared can influence the se- 
quence of trypsin sensitivity of the core histones 
[lo], and may be responsible for other published 
degradation orders [ 12,131, the basis for these con- 
flicting results has not been explained. Here, we 
show that the sequence in which the core histones 
are degraded by trypsin is dependent on both the 
salt environment and on the presence or absence of 
linker histone in the chromatin. 

2. MATERIALS AND METHODS 

2.1. Chromatin 
Chicken erythrocyte polynucleosomes were 

prepared by mild micrococcal nuclease digestion of 
erythrocyte nuclei [8] and were fractionated into 
size classes on sucrose gradients [8]. The linker 
histones, Hl and H5, were depleted from the 
chromatin by passage over DNA cellulose (81. 
Core particles were prepared from depleted 
polynucleosomes by digestion with micrococcal 
nuclease. 
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2.2. Trypsin digestion 3. RESULTS 
Chromatin (A&ml) was treated at 4°C with 

trypsin (0.5 pg/ml) (Sigma, type II) in 5 mM Tris 
(pH 7.5), 0.1 mM EDTA, at the relevant salt con- 
centration. Aliquots of 150~1, removed from the 
reaction mix at various times, were added to a 
large excess (2pg) of soya bean trypsin inhibitor 
(SBTI, Sigma, type III) and stored on ice. Proteins 
were precipitated from the samples by addition of 
6 vol. acetone. 

Stripped (HI - and HS-depleted) chicken 
erythrocyte chromatin was digested with trypsin at 
either 5 mM or 80 mM NaCl and the products of 
these digests were analysed in 18% 
SDS-acrylamide gels. A comparison of the diges- 
tion products obtained under these two conditions 
reveals that the order in which the various core 
histones are degraded is dependent on the salt en- 
vironment (fig.1). At 80 mM NaCI, the order was 
H3 > H4> H2a = H2b while at 5 mM NaCl the 
order was H3 > H2a > H4 > H2b. The change in 
the sequence of histone digestion was mainly due 
to alteration in the sensitivities of histone H2a and 
to a lesser extent, histone H4. This conclusion is 
revealed more dramatically in fig.2. Here the ex- 
tent of histone loss (degradation) after a standard 
time of trypsin treatment, but at various salt con- 
centrations, was determined. The curves reveal a 
marked increase in the relative sensitivity of H2a, 
particularly when the salt is reduced below 20 mM. 
Fig.2 also suggests a corresponding increase in the 

2.3. SDS-acrylamide gels 
Trypsin-digested chromatin samples were 

analysed by electrophoresis in 18% 
SDS-acrylamide gels essentially as in [ 141. The 
gels were stained with Coomassie brilliant blue and 
evaluated by densitometry. The relative areas 
under the histone peaks obtained by densitometry 
were determined by weighing and planimetry, and 
were normalised by reference to the SBTI band on 
the gels. 
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Fig. 1. SDS-acrylamide gel analysis of protein products 
obtained after trypsin digestion of stripped chromatin at 
(a) 5 or (b) 80 mM NaCI. Times of digestion, from left 

to right, were: 0, 0.25, 0.5, 1, 2, 5, 10 and 30 min. 
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Fig.2. Relative trypsin sensitivities of each core histone 
type in stripped chromatin as a function of salt. Stripped 
chromatin was digested under standard conditions, at 
the [salt] indicated, for 1 min. The percentage of intact 
histone remaining was determined after 
SDS-acrylamide gel analysis by densitometry of the 

stained gel. 
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resistance of histone H4. However, some caution 
should be exercised with this latter result, for dur- 
ing the course of digestion a trypsin-resistant frag- 
ment, P2 [3,9], is formed from H2a which during 
electrophoresis migrates in the same position as 
H4. These two components cannot be distinguish- 
ed (fig. 1). Furthermore, the result with H4 was not 
very reproducible between experiments. In fig. 1, 
for example, a change in H4 sensitivity is not very 
convincing, whereas in fig.3, H4 clearly becomes 
more resistant at low salt. For these reasons, a 
change in sensitivity of H4 to trypsin should be 
regarded tentatively. The salt-dependent sensitivity 
of H2a was, however, firmly established and was 
consistently observed in many experiments. 

The experiments described above for chicken 
erythrocyte polynucleosomes were repeated using 
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Fig.3. SDS-acrylamide gel analysis of the protein 
products obtained after trypsin treatment of core 
particles at (a) 5 or (b) 80 mM NaCl. Times of digestion, 
from left to right, were: 0, 0.25, 0.5, 1, 2 and 5 min. 
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Fig.4. SDS-acrylamide gel analysis of the protein 
products obtained after trypsin treatment of native 
chromatin at 5 mM NaCl. Times of digestion, from left 

to right, were: 0, 0.25, 0.5, 1, 2, 5, 10 and 30 min. 

core particles from the same source. The results 
were essentially the same (fig.3). 

When digested with trypsin in 80 mM NaCl, 
native chicken erythrocyte chromatin (containing 
Hl and HS) displayed an order of core histone 
degradation which could not be distinguished from 
that observed with stripped chromatin (not shown; 
see fig.lb). At 5 mM NaCl, however, native 
chromatin, in contrast to stripped chromatin, did 
not display a significantly altered order of core 
histone sensitivity. The order at low salt was seen 
to be H3 > H4 > H2 = H2b (fig.4) which is the 
same order as that obtained with either chromatin 
at high salt. Hl and H5, therefore, appear to exert 
an influence on the salt-dependent accessibility of 
the core histone tails to trypsin. In this context it 
should be noted that at both low and high salt the 
linker histones, Hl and H5, are by far the most 
trypsin sensitive of all the histone types ([3,9]; see 
fig.4). 

4. DISCUSSION 

The results presented here demonstrate that the 
availability, for trypsin cleavage, of the tails of 
histones H2a and, possibly, H4 is dependent on 
both the salt environment and the presence or 
absence of linker histone. 

Our observations help to explain the apparent 
conflicting results made in previous studies. In [9], 
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native chicken erythrocyte chromatin was digested 

with trypsin at low salt (1 mM) and therefore the 
suppressive effect of the linker histone would have 
maintained the high salt order of core histone 
cleavage (H3 = H4 > H2a = H2b). However, in 
[l l] chicken erythrocyte core particles were 
digested in low salt (1 mM) and, therefore, due to 
the absence of Hl or HS in their substrate, the low 
salt pattern that we observe (fig. la) was expressed. 
Their order was H3 > H2a > H4 > H2b. Some 
disagreement between these studies with respect to 
the relative sensitivity of histone H4 [9, lo] remains 
unexplained by our results. We observe that H3 is 
always more sensitive to trypsin than H4. This is in 
agreement with [lo] but contrary to [9]. Perhaps 
the problems we have mentioned concerning ac- 
curate estimation of H4 and the non- 
reproducibility in its digestion properties may con- 
tribute to the uncertainty surrounding this histone. 

The variability in the relative trypsin sensitivities 
of the core histone tails may have its basis in con- 
formational changes which (poly)-nucleosomes 
undergo in response to alterations in their salt en- 
vironment. When subjected to a gradual decrease 
in the level of monovalent cations, say from 
100-l mM, both polynucleosomes and 
nucleosomes display a gradual unfolding which is 
reflected in their sedimentation [15,18] or electron 
microscopic [16] properties. A process of gradual 
unfolding is also suggested by the overall reduction 
in the capacity of certain of their core histones (H4 
and H2b) to be crosslinked in vitro [ 171. At low 
ionic strength (7 mM Na+) nucleosomes depleted 
of Hl display a dramatic reduction in their 
sedimentation coefficient, suggesting that a major 
unfolding event occurs under these conditions [ 181. 
It seems possible, therefore, that the conforma- 
tional changes in the nucleosome which accom- 
pany alterations to the salt environment could be 
linked to the variation in core histone tail ac- 
cessibility which we have observed, occurring 
either as a result of, or giving rise to, these latter 
changes. In support of this suggestion it should be 
noted that there is an analogy between the capacity 
of the linker histones, Hl and HS, to block the low 
salt unfolding of the nucleosome [18] and to pre- 
vent the low salt-induced alteration in relative ac- 
cessibility of the core histone tails. 

With respect to this latter property one other 
comment should be made. As Hl or HS are the 

most trypsin-sensitive of all the histones [3,9] their 
capacity to prevent a change in the relative ac- 
cessibility of the core histone tails is unlikely to be 
a feature of the intact molecule. A more probable 
explanation is that the folded, or globular Hl do- 
main [4,5], which is relatively trypsin-resistant, 
confers this property and does so by virtue of its 
capacity to seal off two turns of DNA in the 
nucleosome [5] and thus, potentially, restrict con- 
formational changes within this structure. 

As mentioned earlier, a function for the core 
histone tails has not been specifically identified. 
Although they contribute basic charge necessary to 
stabilise the higher order chromatin fibre [8], their 
highly conserved sequence [6] suggests that the 
core histone tails perform a more specific function. 
Their involvement in nucleosome unfolding, a pro- 
cess which could be biologically relevant to 
transcription or replication, may constitute such a 
function. 
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