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SUMMARY: DNase I digestion of metaphase chromosomes, that have been exten-
sively digested with Hae III, further released chromosomal DNA and proteins;
3.3% and 10.8% of the chromosomal DNA and proteins, respectively, remained
insoluble., However, digestion of chromosomes first with DNase I followed by
Hae III caused most of the proteins to remain in the insoluble fraction.
DNase I released DNA fragments of 300 base pairs long which were not released
by Hae III digestion. These DNA fragments may be protected by protein com-~
ponents from further fragmentation by DNase I. © 1986 Academic Press, Inc.

Electron microscopic observations of Paulson and Laemmli (1) have de-
scribed a core-like scaffolding structure of metaphase chromosomes after
treatment of chromosomes with agents that released histones from the DNA.

The chromosome scaffold is not sensitive to DNase and is essentially composed
of nonhistone proteins (2), from which loops of DNA at least 30-90 kbp long
appear to emanate (1). These findings prompted many investigators to examine
the scaffold DNA (3-6); however, less attention has paid to the DNA or pro-
tein components released into the soluble fraction following various treat-
ments, such as nuclease digestion, of metaphase chromosomes. We describe
here the differential susceptibilities of chromosomes to a serial digestion
with Hae III and DNase I and the appearence of DNA fragments of 300 bp long

after digestion of chromosomes with DNase I.

MATERIALS AND METHODS

Chinese hamster V79 cells were labeled with 0.05 pCi/ml [1%CIthymidine (53.2
mCi/mmol; New England Nuclear) and 0.5 uCi/ml [3H]leucine (52 Ci/mmol;

%#To whom correspondence should be addressed.

Abbreviations: bp, base pairs; PIPES, piperazine-N,N'-bis(2-~ethane-sulfonic
acid); NP-40, Nonidet P40; EDTA, ethylenediaminetetra-acetic acid disodium
salt; PMSF, phenylmethylsulfonyl fluoride.
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Amersham) for 15 h. To the cultures 0.06 ug/ml colcemid was added 6 h before
harvesting the mitotic cells by shaking the monolayers (7). The mitoticcells
were homogenized in 1 M hexylene glycol (2-methyl-2,4-pentanediol), 0.5 mM
CaClp, and 0.1 mM PIPES buffer at pH 6.8 and centrifuged at 3,000 rpm for 10
min (8). Chromosomes were purified by centrifugation at 250g for 15 min
through a step sucrose gradient consisting of a mixture of equal volumes of
the homogenizing buffer containing 0.1% NP-40 and 1.2 M sucrose, overlaid by
a chromosome suspension in 0.25 M sucrose and 0.05% NP-40. Purified chromo-
somes were resuspended at 1 mg/ml in 10 mM Tris-HCL, pH 7.5, 7 mM MgClp, 60
mM NaCl, and 7 mM 2-mercaptoethanol for digestion with 1,000 units/ml Hae III
or in 0.25 M sucrose, 10 mM Tris-HCl, pH 7.5, 10 mM NaCl, and 1 mM CaCly (9)
for digestion with 1,000 units/ml DNase I (Cooper Biomedial) at 37°C for 16
h. Nuclease digestions were terminated by adding EDTA to a final concentra-
tion of 5 mM followed by centrifugation. Radioactivity in soluble and insol-
uble fractions was determined in ACS II (Amersham). DNA in soluble or re-
sidual insoluble fractions was ethanol-precipitated or extracted with chloro-
form-isoamyl alcohol (24:1), respectively, to load on 2% agarose gels. After
gel electrophoresis gels were stained with ethidium bromide. Gel filtration
was carried out with use of Sephacryl $-200 (Pharmacia) column (1 x 27 cm)
equilibrated with 10 mM Tris-HCl, pH 7.5, 10 mM NaCl, and 1 mM PMSF.

RESULTS
Following extensive digestion of chromosomes with Hae III, the chromosomes
were then successively digested with DNase I (2,000 units/ml) at 37°C for in-
creasing periods of time. The relative amount of both [14C]DNA and [3H]pro-
tein in the insoluble fraction decreased rapidly during digestion with DNase
I, and the release of DNA and protein was completed 4 h after incubation (Fig.
1). The initial digestion with Hae III solubilized about 20% of either DNA

or proteins from the chromosomes, and successive digestions with DNase I for
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Fig. 1: Decrease in the relative amount of insoluble [1uC]DNA (-0-) and [3H]—
protein (-e-} during the second cycle of DNase I digestion of chromosomes
that had been previously digested with Hae III.
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TABLE 1

Relative amount of radicactivity solubilized and remaining
after nuclease digestion of metaphase chromosomes

Nuclease digestion % Solubilized % Remaining
Fraction 1st 2nd
digestion digestion

Hae III-DNase I
[1MC]DNA 19.9 76.8 3.3

{°Hlprotein 18.9 70.3 10.8

DNase I-Hae III
[1”c]DNA gu.4 4.1 1.5

[3H]protein 18.5 7.7 73.8

8 h solubilized most of the remaining DNA and proteins, leaving 3.3% of the
DNA and 10.8% of the proteins in the insoluble fraction (Table 1).

Conversely, when chromosomes were digested first with DNase I, most of the
DNA was solubilized, whereas the amount of proteins solubilized was comparable
to that with Hae III treatment (Fig. 2). Digestion of the chromosomes with
Hae III following DNase I treatment decreased the insocluble DNA and protein
fractions by 4% and 8%, respectively. The relative amount of DNA remaining

insoluble was comparable to that after digestion with Hae III followed by
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Fig. 2: Decrease in the relative amount of insoluble [14C]DNA (~0o-) and [SH]-
protein (-e-) during the second cycle of Hae III digestion of chromosomes
that had been previously digested with DNase I.
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Fig. 3: Agarose gel electrophoresis of DNA fragments solubilized or remaining
insoluble after digestion of chromosomes with Hae III or DNase I. 1: Hae III
soluble fraction; 2: Hae III insoluble fraction; 3: Hae III insoluble-DNase I
soluble fraction; 4: Hae III insoluble-DNase I insoluble fraction; 5: DNase I
soluble fraction; 6: DNase 1 insoluble fraction.

DNase I; however, more than 70% of the total chromosomal proteins remained in
the insoluble fraction after digestion with DNase I followed by Hae III treat-
ment (Table 1).

After extensive digestion of chromosomes with Hae III or DNase I, DNA re-
leased into the soluble fraction and DNA remaining in the insoluble fraction
were loaded onto agarose gels. Fig. 3 shows that Hae III releases no detect-
able DNA fragments to the soluble fraction and DNA fragments of heterogensous
size remain in the insoluble fraction (lanes 1 and 2). Contrary to Hae III
treatment, homogeneous DNA fragments of 300 bp were released by DNase I di-
gestion (lane 5). Long DNA fragments were also released by the second c&gie
of digestion with DNase I of chromosomes which have been previously digested
with Hae III (lane 3). The apparent molecular size of the latter DNA frag-
ments was 270 bp.

To.examine whether the 300 bp DNA fragments released by DNase I were pro-
tected from further fragmentation, the soluble fraction obtained by centrifu-
gation after DNase I digestion, which have been labeled with [14C]thymidine
and [3H]leucine, was filtered through a Sephacryl S-200 column. Fig. Y4 shows

that the [1uC]thymidine—labeled fractions, eluted between rabbit muscle aldol-
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Fraction number

Fig. 4: Gel filtration on Sephacryl $-200 column of soluble fraction obtained
by digestion with DNase I of chromosomes that have been labeled with [14C]-
thymidine (-e-) and [3H]leucine (-o-). Locations of blue dextran 2,000 (BD),
rabbit muscle aldolase (AL), bovine serum albumin (BSA), ovalbumin (OV), and

chymotrypsinogen A (CH) are indicated in the figure.

ase (158 kDa) and bovine serum albumin (67 kDa), were also labeled with [3H]-
leucine. The content of DNA and protein in the peak fraction was 16.8 ug/ml

and 55.0 ug/ml, respectively.

DISCUSSION

The present results demonstrate that digestion of metaphase chromosomes
with DNase I following Hae III treatment released further chromosomal proteins
and DNA into the soluble fraction (Fig. 1), whereas digestion with Hae III
following DNase I digestion failed to solubilize further proteins, with more
than 70% of the total proteins remaining in the insoluble fraction (Fig. 2).
This difference in susceptibility of chromosomal proteins to DNase I before
and after Hae III digestion may be due to an alteration in the chromosome or-
ganization by the initial digestion with Hae III so that DNase I was able to
solubilize further chromosomal proteins together with DNA. Alternatively,
the initial DNase I digestion makes chromosomal proteins resistant to further
release by Hae III. While chromosomes are not dehistonized here, the resid-
ual chromosomes after DNase I digestion seem to be similar to the chromosome
scaffold which is not sensitive to DNase I and is essentially composed of
nonhistone proteins (2). The possibility that solubilization of most of the
chromosomal DNA by DNase I makes the residual chromosomal proteins to be re-

sistant to further solubilization by Hae III can not eliminated. If this
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possibility is correct, DNA fragments of 300 bp found here may retain the
chromosome structure from the excess aggregation of chromosomal proteins.
Micrococcal nuclease digestion of metaphase chromosomes gave 140 bp DNA
fragments (L), suggesting the existance of nucleosome structures in metaphase
chromosomes (10-14). Long DNA fragments, such as those found here, have been
detected for yeast, Hela and chicken erythrocyte nuclel following digestion
with DNase I, and it was suggested the regions occurred in the chromatin in
which nucleosome cores were closely packed (140-160 bp x n) (15). The present
results suggest the possible occurrence in metaphase chromosomes of closely
packed structures, involving two nucleosomes, which are protected by protein
from further fragmentation by DNase I. The apparent molecular weight for the
protein component accompanying the DNA fragments was estimated to be approxi-
mately 59 kDa by measurement of the content of DNA and protein in the peak
fraction shown in Fig. 4; however, we have not determined the size precisely

as yet.

ACKNOWLEDGEMENTS

This work was supported in part by a Grant-in-Aid from the Ministry of
Education, Science and Culture of Japan to I.K. We thank Dr. Roy H. Doi for
comments on the manuscript.

REFERENCES

1. Paulson, J.R., and Laemmli, U.K., (1977) Cell 12, 817-828,

2. Adolph, D.W., Cheng, S.M., and Laemmli, U.K. (1977) Cell 12, 805-816.

3. Razin, S.V., Mantieva, V.L., and Georgiev, G.P. (1978) Nucleic Acids Res.
5, 4737-4751,

4. Jeppesen, P.G.N., and Bankier, A.T. (1979) Nucleic Acids Res. 7, 49-67.

5. Bowen, B.C. (1981) Nucleic Acids Res. 9, 5093-5108.

6. Kuo, M.T. (1982) J. Cell Biol. 93, 278-28y4.

7. Stubblefield, E. (1968) Methods in Cell Physiol. 3, pp. 25-43, Academic
Press, New York.

8. Wray, W., and Stubblefield, E. (1970) Exp. Cell Res. 59, 469-478.

9. Weintraub, H., and Groudine, M. (1976) Science 193, 848-856.

10. Kornberg, R.D. (1974) Science 184, 868-871.

11. Axel, R., Melchior, W., Sollner-Webb, B., and Felsenfeld, G. (1974) Proc.
Natl. Acad. Sci. USA 71, 4101-u4105.

12. Compton, J.L., Bellard, M., and Chambon, P. (1976) Proc. Natl. Acad. Sci.
USA 73, 4382-4386.

13. Shaw, B.R., Herman, T.M., Kovacic, R.T., Beaudreau, G.S., and Van Holde,
K.E. (1976) Proc. Natl. Acad. Sci. USA 73, 505-509.

14, Simpson, R.T., and Whitlock, J.B., (1976) Nucleic Acids Res. 3, 117-127.

15. Lohr, D., Tatchell, K., and Van Holde, K.E. (1977) Cell 12, 829-836.

418



