SUMMARY

It has been established that when defatted toﬁato seedsvare extracted with a 0.2% so-
lution of NaOH and the protein is precipitated by acidification to pH 5.5 the yield of pro-
tein amounts to 117 on the weight of the initial raw material.

In terms of quality, the tomato protein belongs to the moderately balanced plant iso-
lates. Y '
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"IDENTIFICATION AND FRACTIONATION OF THE TOTAL HISTONE OF THE COTTON PLANT

G. F. Kasymov, N. I. Koryakina, UDC 547.96
T. P. Kopitsya, and V. K. Burichenko

In order to isolate individual fractions of the histones of the cotton plant of va-
riety 108-Fand to investigate them further, the total histone has been chromato-
graphed on Acrylex P-60 and Bio-Gel P-30, It has been shown that the most complete
fractionation is achieved on a Acrylex P-60. By electrophoresis of the fractions in
15% PAAG in the presence of 6.25 M urea and on the basis of amino acid compositions,
the following order of elution of the histones has been established: H1l, H2B + H2A,
H3, and H4. In a comparison of the amino acid composition of the H3 and H4 histones
of the cotton plant with histones enriched with arginine from other species, a some-
what higher lysine : arginine ratio in these fractions has been found. On comparing
the electrophoretic mobilities of the histone fractions from the cotton plant with
the histones of calf thymus, some difference is observed which is apparently connect-
ed with a difference in their molecular weights.

Histones, basic proteins of the cell nucleus, are assigned a leading role in the struc-
tural organization and functioning of the chromosomes, which is responsible for the great
attention devoted to their investigation.

At the present time, a considerable amount of material has been accumulated on histones
of animal origin [1-4]. Information relating to plant histones is less detailed, although
interest in their isolation and study is increasing.

The majority of methods for isolating histones do not always enable homogeneous frac~
tions to be obtained because of cross-contamination [5-7].

We have previously [8] fractionated cotton-plant histones by a modification of Johns'
method. This method enabled us to obtain the individual histones Hl, H2B, and H4. Further
purification was required for the other fractions. However, the chromatography of several
plant histones on Bio-Gels enables individual fractions to be isolated without additional
purification [9-12].
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Original article submitted Jume 11, 1979.

736 0009-3130/79/1506-0736$07.50 © 1980 Plenum Publishing Corporation



ey
H“r
oy
s ar
g2}
. a A i " i - i Fl
g T k4 4 . < %
a0 0 150 200 R A
, 4 ml v ’
Fig. 1 o Fig. 2

Fig. 1. Fractionation of the total histone on Acrylex P-60: 1) cot-
ton plant; 2) calf thymus.

Fig. 2. Fractionation of the,total cotton plant histone on Bio=-Gel
P-30. o :

The aim of the present investigation was to find the optimum conditions for separating
the total histones of the cotton plant of variety 108-F into fractions by gel chromatography.

To separate the total histones of the cotton plant, weused the conditions of fraction-
ation on Acrylex P-60 [11] and Bio-Gel P-30 [12]. For comparison, under similar condition,
we chromatographed the total histone of calf thymus on Acrylex P-60.

The total histone and the fractions after chromatography were characterized by their
electrophoretic mobilities in 15% PAAG (method of Panyim and Chalkley [13]) and by their
amino acid compositions (JLC-6AH analyzer, Japan). The amino acid compositions of the his~-
tones of the cotton plant were compared with literature information for the histones of calf
thymus [14], of Euglena gracilis [15], rye shoots [16], and wheat germ [17] (Tables 1 and 2).

The results of gel chromatography (Figs. 1 and 2) showed that the most complete frac-—
tionation of the histones was achieved on a column with Acrylex P-60 if the elution buffer
used was 0.02 N HC1 containing 0.027 of sodium azide and 0.05 M NaCl and the solvent for the
histones was an 8 M solution of urea containing 1% of B-mercaptoethanol and 10% of sucrose
(pH 5.0). The conditions for fractionating plant histones on Bio-Gel P-30 [12] (eluent and
solvent for the histones 0.01 N HC1l) did not permit complete separation of the cotton plant
histones to be achieved.

In the electrophoretic comparison of the total histones of the cotton plant and of calf
thymus, some similarity in fractional composition was observed. Both histones contain five
main fractions, although they differ somewhat in mobility. The cotton plant histones are
less mobile and on chromatography they were eluted earlier than the calf thymus histones.
This behavior of the histones is probably due to a difference in their molecular weights.
This hypothesis is confirmed by literature information showing a difference in the molecular
weights of histones of plant and animal origin [16].

The electrophoretic characteristics of the histones obtained after fractionation on
Acrylex P-60 show that nonhistone proteins are eluted first (absence of bands in gel 1, Fig,
34), thesemaking up ~10% of the total amount of combined histone. Fraction I is character-
ized by a high content of acidic and a relatively low content of basic amino acids (Table 1).

The high lysine content and low arginine content permit fraction II of the cotton plant
histone to be considered as lysine-rich. Furthermore, in its mobility it corresponds to
histone Hl. But on comparison with the amino acid compositions of histone Hl from other
tissues, it can be seen that the amount of lysine in fraction II is low, apparently because
of its partial contamination with acidic proteins. This was confirmed by the preliminary
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Fig. 3. A. Electrophoretic spectra of the total histones [7) cotton plant
of variety 108~F; 8) calf thymus] and of histone fractions isolated after
chromatography on Acrylex P-60; fractions of the cotton plant histones: 1)
I; 2) II; 3) III; 4) IV; 5) V; 6) VI; fractions of the calf thymus histones:
9) a; 10) b; 11) c; 12) d. B. Electrophoretic spectra of the cotton plant
histones after chromatography on Bio-Gel P-30; histone fractions: 1) I; 2)
II; 3) III, histone fractions; 4) the total histone of the cotton plant for
comparison. C. Electrophoresis of fraction IV of the cotton plant histone
isolated after chromatography on Acrylex P-60. Before (1) and after (2)
treatment with 57 B-mercaptoethanol.

purification of the total histone (on a column of CM-cellulose), which led to an appreciable
increase in the amount of lysine in the Hl1 fraction.

Fraction III is characterized by a fairly low lysine : arginine ratio. Its amino acid

composition and electrophoretic mobility (Fig. 3A) permit it to be assigned to the moderate-
ly lysine~rich histone H2B.

An electrophoretic check on the degree of purity of fraction IV (Fig. 3A) revealed the
presence of two bands: a less mobile one corresponding to the dimeric form of histone H3,
and a more mobile one corresponding to histone H2A. To check this, we carried out the elec-
trophoresis of the histone previously treated with 5% B-mercaptoethanol [18]. In addition,
we used the method of specific staining of arginine-rich histomes with Bromophenol Blue [19].

As can be seen from Fig. 3B, after treatment with B-mercaptoethanol and staining with
Bromophenol Blue, thedimeric form of histone H3 was reduced completely to the monomeric form.
Since the amino acid composition of this fraction is similar to that of histone H2A from

other species, it may be concluded that histone H2A contaminated with histone H3 was eluted
in peak IV (Fig. 1).

Their electrophoretic mobilities in comparison with that of the total histone, and also
specific staining with Bromophenol Blue permit fractions V and VI isolated by chromatograph-
ing the cotton plant histone on Acrylex P-60 to be assigned to the arginine-rich histones.
The amino acid compositions of these fractions (Table 2) resemble those of histones H3 and
H4, However, on comparison with the corresponding fractions from other species a somewhat
increased lysine : arginine ratio is found in the cotton plant H3 and H4 histones. Similar
results were obtained for the arginine-rich fraction (Table 2) and after the chromatography
of the total histone on Bio-Gel P-~30 (Fig. 2, peak III). It is likely that the slight in-
crease in the amount of lysine in fractions V and VI, classified as arginine-rich, is specif-
ic for cotton plant histones.

As already mentioned, the conditions of fractionation on Bio-Gel P-30 did not permit
the complete separation of the histones to be achieved in view of their cross-contamination.
Electrophoresis of the histones (Fig. 3B) showed that only fraction III, assigned to the
arginine~rich histone H4, was homogeneous.

Chromatography of calf thymus histone on Acrylex P-60 (Fig. 1) showed that its elution
profile differed somewhat from that of the cotton plant histone. An electrophoretic evalua-
tion of the fractions isolated (Fig. 3) showed the following sequence of elution of calf-
thymus histones: Hl (peak a), H3 + H2A (b), H2B (c), and H4 (d).

On the basis of the results obtained it may be concluded that in the nuclei of shoots
of the cotton plant of variety 108-F there are five main histone fractions similar in com-
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position and properties to the analogous histones isolated from other species of plants and
animals., The chromatography of the cotton plant histone on Acrylex P-60 under cattain con-
ditions enables individual fractions to be obtained.

EXPERIMENTAL

Isolation of the Total Histone of the Cotton Plant. The total histone was isolated
from the cell nuclei of two-day cotton plant shoots. The isolation and purification of the
nuclei were effected by a modification of Alfrey's method [20]. The shoots were homogenized
in abuffer containing 0.05 Mtris, 0.004 M MgCl,, 0.004 MCaCl,, and 0.25 Msucrose, pH7.2 (bufferA).
The homogenate was filtered through a double layer of dense. tissue and then through eight
layers of Kapron tissue. The nuclei were precipitated by centrifuging (2200 rpm for 20 min)
and were washed with 1% of Triton X-100 in the basic buffer A. The nuclei were additionally
purified by gradient centrifuging in 1.7 M sucrose at 3000 rpm for 20 min and were washed
with 0.14 M NaCl in citrate buffer, pH 7.0. In the following stage of purification, the
nuclei were separated from starch granules. The total histone was isolated from the nuclei
by extraction with 0.25 N HC1 for 18-20 h in the cold. The insoluble part was separated off
by centrifuging at 8000 rpm for 20 min. The supernatant was dialyzed against 0.001 N HC1
and was freeze-dried. From 2 g of crude nuclei we obtained ~30 mg of total histone.

Fractionation of the Total Histone of the CottenPlant. The total histone (25mg) was frac—
tionated at room temperature on a column of Acrylex P-60 (Hungary). The swollen gel was
charged into a column with dimensions of 150 x 1.5 cm and was equilibrated with the buffer
for elution for two days. Before deposition on the column, the weighed sample of histone
was dissolved in 2 ml of 8 M urea containing 17 of B-mercaptoethanol and 10% of sucrose (pH
5.0) and was left in the cold for a day. Elution was performed with 0,02 N HC1l containing
0.02% of sodium azide and 0.05 M NaCl. The height of the hydrostatic columm was 30 cm. The
protein was eluted at the rate of 3 ml/h. Fractions were collected with the aid of an auto-
matic collector (Sweden). The issuance of the fractions was monitored on a Hitachi spectro-
photometer (Japan) from the absorption at 230 nm.

To fractionate the total histone on Bio—Gel P-30, a sample of the protein (20 mg) was
dissolved in 0.01 N HCl and deposited on a column with dimensions of 140 x 1.8 cm. Elution
was carried out with 0,01 N HC1 at the rate of 3 ml/h. The collection of the fractions (1
ml each) and the monitoring of their elution were carried out automatically as described
above.

Gel Electrophoresis of the Histones, The total histone and the fractions isolated from
columns were analyzed by electrophoresis in 15% polyacrylamide gel (PAAG) in the presence
of 6.25 M urea by the method of Panyim and Chalkley [13]. A tube with a diameter of 0.55 cm
was charged with PAAG to a height of 6.5 cm, 3 M urea was layered above it with the aid of
a capillary, and polymerization was carried out at 32°C for 50 min. To eliminate low-molec-
ular weight impurities from the gel, preliminary electrophoresis was carried out for 2 h.
Before transfer to the tubes, the histones were dissolved in acetate buffer, pH 3.2, with
the addition of a small amount of acrylamide (~15 mg per 0.1 ml of buffer).

The total histone was deposited in an amount of 100-130 ng and the histone fractions
in amounts of 50-60 ug per tube. Electrophoresis was performed at 2-4°C for 4.5 h at a cur-
rent of 1.5 mA per tube for the first 30 min and then at 2 mA.

The gels were stained with a 0.27% solution of Amido Black 10B (AB) in methanol—glacial
acetic acid-water (5:1:5) for 16 h. The dye was washed out electrophoretically with 7% CH5COOH
at a voltage of 10 mA per tube,

For the selective staining of the arginine-rich histone fractions, weused a 0.01% solu-
tion of Bromophenol Blue, pH 3. The gel was stained for 16 h, and the dye was washed out
with a 407 solution of n-propanol at 55°C for 48 h (with five changes of solvent).

Amino Acid Analysis. The sample for amino acid analysis was hydrolyzed in 6 N HC1l in
evacuated glass tubes at 105-115°C for 22 h., After evaporation of the solvent in a rotarw
evaporator, the samples were kept in a desiccator over KOH and were then dissolved in 0.0l N
HCl. They were analyzed in the long and the short columns of the analyzers, The results of
the analysis were recalculated to molar percentages.
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SUMMARY

1. Homogeneous fractions of histones Hl, H3, and H4 have been isolated by chromato-

graphing the total cotton plant histone of variety 108-F on Acrylex P-60, and their indi-
viduality has been shown by electrophoresis and amino acid determinatioms.

2. It has been shown that fractions H3 and H4 of cotton plant histones differ from the

corresponding fractions of other species of plants by a somewhat higher lysine content.
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14.
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19.
20.
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