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1. Introduction

Jon exchangers (CMC-cellulose and Amberlite IRC-
50) and molecular sieves {Sephadex and Biogel) have
besn widely used for the chromatography of histones
{for references see {1]). Both methods have been suc-
cessfully employed for the purification of histone frac-
tions and mixtures obtained by the method of Johns
[2]. However, a* nresent chromatographic methods
alone can not resolve whole histone into its five main
fractions [1]. Recently exclusion chromatography on
Biogel P-60 has yielded Fy and F,; in high purity,
leaving F3, Fx,» and Foy unresolved [3]. Chromatog-
raphy on Biogel P-1C gives F, and, after appropriate -
pooling and rechromatography, other pure histones
141.

Histones aggregate in solution {5—8]. At low pH
and low jonic strength agprepations are minimal, how-
ever, under these conditions the histones exist as ex-
tended chains and behave anomalously in gel exch-
sion chromatography exhibiting molecular weights
which are by a factor of 2—86 higher than their armal
molecular weights [7]. In addition, hydrophobic in-
teractions between peptide chaing, and prolyl deter-
mined conformational features may affect the behav-
iour of histones in gel pores {7] and may be responsi-
ble for the unsatisfactory separation of Fx, Fo,9 and
Foy,. Variation of salt, pH and proiein concentration
affect the conformaiion of histones in specific regions
[10] and all histones undergo similar conformational
changes on the addition of salt {6]. These conforma-
tional changes are continuous [9] and the extent of
chain mteracnon differs f o1 ’me various histones ‘
[rg, 12] '
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Using variation of salt and pH to achieve selecied
aggregation we have resolved whole histone from calf
thymus into its five main compounents in a two stey.
exclusion chromeatographic procedure at pHl 1.7 and
54.

2. Materials and methods

The histones were extracied from calf thymus
chromatin {13} with 0.25 N H,80,, dialyzed against
distilled water at 4°C and frecze-dried. For chroma-
tography at pH 1.7 the histones were d:ssoived in
freshly prepared 8 M urea, pH 4—5, 1% mercaptesth-
=10} 10 give a protein concentration of 10 mgfml.
The solution was stored overnight at 4°C and then ap-
plied to the column. All chromatography was done
at room temperature. For chrommatography at pH 5.4
[15] the dialyzed and freez-dried F, »—F 5 mixture
from the first chromatogram was dissolved in 2 M
NaCl, siored overnight at 4°C and then applied tc the
column. Analytical runs were gone on 150 X 1.5 cm
columns {Biogel and Sephadex) at a pressure head of
20 ¢m and a flow rats of 6—10 ml/ cm?fhy. Prepara- |
tive runs on Bioge! were done on 14.5 X 77 cm col-
umns at a pressure head of 30 cm and a flow rate of
4 mljem?fhr withou: any 16ss in resclution. Prepara-
tive runs on Sephadex were done on 35 X 100 cm col-
umns at.a pressure h2ad of 17 cm and 2 flow rate of
3 ml/cm?2/hr. Under these conditions the separaticn
of F5,, and F5 is less satisfactory and rechromatog-
raphy becomes necessary. The protein concentration
was determined from the abscrbance at 230 nm.
Pooled fractions were dialyzen against distilled water
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Fig. 1. Chromatography of total calf thymus histone on
Biogel P-60 in 0.02 N HCI-D.02% NaN3, pH 1.7 and various
concentrations of NaCl. Samples were dissolved in 8 M nrea—
1% mercaptoethanol and stored overnight at 4°C before appli-
cation. Column dimensions: 150 X 1.5 cm; sample weighi: .
12-15 mg; sa’mp]e volume: 2 ml; fraciion volame: 1.2 mil;
flow rate: 6 mljem>/hr; pressure head: 40 cm, Pys 0 M NaCl"
{Blue Dextran 2000): 68 ml; V,,, 8.4 M NaCl (Blue | Dextran -

2000): 62 ml. Polyacrylamide e}ettrophmﬂmgrams [14) for'

fraction d, 11, T and IV {fig. 1<) are shown in fig. 3. The

strong UV-absorption towards the end of the inner: volurne 3 s

die 1o ihe elution of urea and mercaptoeﬂmnol
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at 4°C, freeze-dried and then analyzed by gel electro-
phoresis {14]. Purther expemnania] ﬂmmls are given.
in the legends of the fignres.

3. Results and diseussion

Exclusion chromatography of calf thymus histones
‘'on Biogel P-60 in 0.02 N HCl in the absence of NaCl
results in 3 distinet fractions (fig. 1a). The fractions
eluting first and last were electrophoretically identi-
fied ax F; and F,,, respectively. These findings are
in agreement with those of Barmnana and Iwai [3].
Flectrophoretic analysis of the front-cenire and back

“part of the middle pezk indicated that the histones

F3,Fo,y and Foy are eluted in that order but remain
unresolved. The elution order of calf thymus histones.
on Biogel P-60 in 0.02 N HCI thus is: Fy, F3, Fay0,
Foy. Foy and seems to foliow thelr molecular
weights: Fy = 21 000, sedimentation equilibrinm anal-
ysis [16,17], F5 = 15 324, sequence [18,19], Fpn =
14 005 sequence [20,21], Fqy, = 13 774, sequence
[22] and Fp,; = 11 300, sequence [23]. In view of
the fractionation range of Biogel P-60 and the column
dimensions, it is obvious, however, that the small dif-
ferences in molecular weight of the histone monomers
can not be responsible for the elution sequence.
Phillips and Clarke [7] usirg the same chromatograph-
ic sysiem found the elution order to be: Fy, Fo,0.
Fops Fa, Fa,;, but the histones were appiied and run
singly. .

The presence of 0—0.4 M NaCl in iht: 0.02 N HCl
eluant markedly changes the elution order, the elution
volume and the resolntion of the individual fractions
{figs. 1b—). At 0.05—-0.1 M Na(l the middle peak
partially resolves giving a total of four fractions (figs.
1b and 1¢). On polyacrylamide electrophoresis frac-
tion I consists of homogeneous F;, fraction Il of a
mixture of Fo,» and Fy, fraction 11T and 1V of homo-
geneous Foy, and Fo,, respectively {fig. 3). Analysis
of the front, centre and back part of fraction H (fig.
1<) indicated that F,,5 i3 cluted prior to F 3. Thus,
the elution order of histones on Biogel P-60in 0.02 N
HC]—-O ]. M NaCl iS F] s FE;:Q} FB’ FQB’ anl At high-
er NaCl concentration all histones but F,, which is -

~ gluted in the outer vo]ume shift iowards]ower eha-
. tion volurne and the resolution of fractions deterio-
‘rates (ﬁgb, 1 d—f) A NaCl ceuc:emra non of D.l M was .
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Fig. 2. Chromatography of alf thymus Fyas —F 3 mixiure on Sephadex ©-100 at pH 5.4. The freeze-dried proteins from peak 11
{figs. 1b and 1c) were dissolved in 2 M NaCl and stored overnizht at 4°C before applicatizn. Column dimensions: 130 X 1.5 cm;

] T ns: 1o ¥, 15 P
elnant; 0.05 M Sodium acetate—0.05 M NaHS03, pH 5.4 buffer; sample weight: 10 mg; sample volume: 1 mil; fraciion size: 1.2
ml: flow raté: 10 mifom>/hr; pressurs haad: 40 em. Polyacrylamide elecnophoresis {145 see fig. 3.

F2a)
F2a2
F2b - -
F3

F:,g, 3. Palym:rylamlﬂe electrophoreiic paticxn of calf mymus histone fractions prepared by colemn chromatography on Bmgel i
P-60 {fig. 1<) and Sephadex G-100 {fig. 2). Gel identification: 1) total calf thymus histene; 2) Fractionl (fiz. 1c): ¥y; 3) Frac-
#ion H (fig. 1c): Foan—~F5 mixture; 4) Fraction I} tfig. 1c): Foyy 3) Fraction IV (fig. 1¢): Faay: 6) Fraction I (fig. 2); Fa:

) Fraction I (fig. 2) + total calf thymus histone; 8) Fraction 11 {fig. 2): Faaz; 9) Fraction 1] {fig. 2) + total e21f thymus Mistone,
20 pg samples were applied in 8 M urea— 1% mercapioethinol. All gels ‘were ran for 2,5 hx.
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found to be opt:mal ngmg the 3 homogeneous f:rac— '
tiors Fy, Foy and Fo_y and a mixture of F,,s and Fy
{figs. 1c and 3). The nunresolved F,,,—F3 fraction -

was then subjected to gel exclusion chromatography
on Sephadex G-100 using 0.05 M sodium acetate—
0.05'M NaHSO5 pH 5.4 buaffer as the elzant [13] to
Tesult in the separation of histone F and Fo,, (fig. 2).
In a typical preparative separation 2 g crude whole his-
tone gave elecirophoreiicslly homogeneous histone
fractions with the following yields: Fy = 0.35 g: F5p, =
0.40 g; Fo,; = 0.45 g; F5,»—F3 mixture = 0.50 g. The
latter was resolved on Sephadex G-100 to give Fpn =
0.20 g and F4 = 0.22 g. The recovery of protein from
the Blogel step was 90% and from the Sep}mnex step
B0%.

Osmotic pressure measuremenis and sedimentation
studies have shown that with the éxception of F; all
histones are aggregated in the presence of salt even at
pH 2 and below [5, 11]. The shift of the histone frac-
tions towards lower elution volumes with increasing
salt concentration at pH 1.7 (fig. 1a—f) is in agreement
with these findings. The fact that histones differ in
their tendency to aggregaie at a given salt concenira-
tion [9,11,12} is also indicated here {(fig. 1a—f). The
change of the elution order of F4 and F,,, when
whole histone is applied (fig. 1a) as compared 1o the
elution order of individually chromatographed his-
tones {7] suggests that the two histones interact with
each other. Interchain interactions between Fo 9 and
other histone fractions have previously been snggested
[81. The fact that F»,5 and F4 in the HCl—NaCl sys-
tem (figs. 1b and 1c) are being eluted as one peak may
be the result of similar conformations of the two his-
tones under these conditions or due to interchain in-
ieractions. i

This @hroxraiogmphnc procedure yields all five calf
thymus histone fractions in high purity in only two
steps. Because whole histone is used as the starting

. )

material the meihod is snitable for quantitative studies

on the analytical scale and can easily be adapted to
the preparative scale. The method can be employed at -
wvarious stages of the solvent extraction proceﬁure of
Johus 2] and has been successfully - wsed to isolate

chicken and sea urchin F,, and Fy, in high purity .
from the corresponding F,, (Jchus) fractions. Chicken
F1, Fag, Foyn and Fo,y huve been obtained dlrectly '

.by ‘chromatography of whole histone on Bmgel Sea e
urchm, shark and chxcken ng (Johns) hava been ef-" T
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- 'fem:ve]y freaed from con?amm:atmg }nsiones. Gel ex- _

clusion chromatographic procedures based on selec-

- tive aggregation are being employed in this laboratory

to purify histones from varipus sources for COIMpara-
tive structure investization.
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