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Summary: Digestion of chromatin DNA in nuclei of sea urchin embryos with pan- 
creatic nuclease and with micrococcal nuclease give additional details concerning 
the interaction between DNA and histones. A specific site of hydrolysis appears 
to be located on the nucleosome in such a position as to split the DNA unit length 
in two equivalent fragments of about 60-70 base pairs in length. The complete 
digestion of chromatin DNA appears to depend on the low stability of the nucleo- 
some containing the split DNA fragments. 

Introduction 

Recent reports have shown that chro.natin is composed of a repeating unit con- 

taining eight histone molecules and a DNA segment 200-130 base pairs in length 

(l-8, 14). The assembly of the histones in chromatin has been studied by cross- 

linking adjacent molecules (9). Similar experiments in chromatin and in isola- 

ted nucleosomes have led to specific models of the histone octamer organization 

(10). Here we wish to report experiments concerning the interaction of DNA 

with the histones, as derived from the study of chromatin DNA hydrolysis with 

two nucleases. The results strongly suggest that, in sea urchin chromatin, in 

addition to the hydrolysis sites between one nucleosome and another, there is 

in the nucleosome, a specific hydrolysis site preferentially cut by nucleases, 

that gives rise to two DNA fragments of approximately the same length. 

Materials and Methods 

Preparation of sea urchin embryo nuclei. Paracentrotus lividus sea urchins were 
collected from the bay of Naples. The animals were opened and eggs obtained by 
shaking gonads in filtered sea water. Eggs were filtered through a gauze cloth, 
washed twice by suspending in filtered sea water and sedimenting at low speed 
centrifugation, suspended in a small volume of sea water and fertilized with a 
sperm suspension. The embryo cultures were allowed to grow at 20°C under 
gentle rotatory agitation at concentrations of 3000-4000 embryos per milliliter. 
At the blastula stage the embryos were concentrated and nuclei prepared accord- 
ing to Hinegardner (11). Embryos were homogenized in 2 mM MgC12 in a Dounce 
type B homogenizer and the homogenate was centrifuged on a discontinuous su- 
crose gradient. 
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l- Densitograms of electrophoretic separations on 2. 5% polyacrylamide 
gel of DNA prepared from untreated blastulae nuclei (1) and from 
blastulae nuclei digested with 650 U/ml of micrococcal nuclease to the 
following percents of acid-soluble DNA: (2), 10%; (3), 30%; (4), 36%. 
Electrophoresis was carried out for 2 hours at 5 mA per gel at room 
temperature. Marker t-RNA migrates in the band labelled l/2. The 
position and number of each band is indicated by the arrows. 

Digestion of chromatin in sea urchin embryo nuclei. The digestion of chromatin 
in nuclei was carried out as previously described (5). The individual nucleases 
were added to the nuclear suspensions and the amounts of DNA digested were de- 
termined spectrophotometrically by measuring the acid-soluble nucleotides at dif- 
ferent digestion times. DNA concentration of the nuclei suspensions was deter- 
mined by diphenylamine reaction (12), and the contribution of nuclear RNA was 
estimated by orcinol reaction (13). 
Preparation and analysis of the DNA fragments. The preparation and analysis 
of the DNA fragments were carried out as previously described (5) with minor 
modifications. Hydrolysis reactions were stopped by diluting the samples in 
4% SDS and 4mM EDTA, final concentrations. The DNA fragments were purified 
by incubating samples with 50 ug/ml of RNase A for two hours and with 50 dg/ml 
of Proteinase K (Merck) for one hour at 3O”C, after two extractions with chloro- 
form-isoamyl alcohol (24: 1, v/v). 

Results and Discussion 

The chromatin in nuclei of sea urchin embryos, when digested with micrococ- 

cal nuclease, is split into DNA fragments that, on acrylamide gel electrophore- 

sis, give patterns similar to those reported for digestion of chromatin in nuclei 

of other origins (2-8, 14) (Fig. 1). These fragments appear to be multiples of a 

unit fragment of about 130 base pairs. A unit length fragment of the same size 

has already been reported for the digestion of sea urchin sperm chromatin (5). 
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Fig. 2- Densitograms of electrophoretic separations in dissociating conditions 
on a 4% polyacrylamide gel in 98% formamide, of DNA prepared from 
untreated blastulae nuclei (1) and from blastulae nuclei digested with 
23 U/ml of pancreatic nuclease, to the following percents of acid- 
soluble DNA: (2), 4%; (3), 9%. Electrophoresis in formamide was 
carried out for 6 hours at 4 mA per gel at room temperature. Marker 
t-RNA migrates in the band of curve (3). 

As shown in Fig. 1 the size distribution of the DNA fragments changes at increas- 

ing percent of acid-soluble DNA and when about 40 % of DNA is acid-soluble the 

remainder is in a single band showing approximately the electrophoretic mobility 

of t-RNA. 

When sea urchin embryo nuclei are digested with pancreatic nuclease, added at 

such a concentration as to digest the chromatin at approximately the same rate 

as micrococcal nuclease, no obvious pattern of bands multiple of a unit length 

is apparent. Early in the digestion process there is a discrete series of bands 

and the faster moving one is about 60-70 base pairs in length, similar to the 

faster moving band that predominates at long incubation times with micrococcal 

nuclease (Figs. 1 and 2). When less than 10% of the DNA is acid-soluble the re- 

maining DNA migrates practically in a single band with approximately the elec- 

trophoretic mobility of t-RNA (Fig. 2). At longer incubation times larger and 

larger amounts of DNA become acid-soluble but the electrophoretic pattern of 

the remaining higher molecular weight fragments does not change. Such results 

clearly indicate that also pancreatic nuclease hydrolyses chromatin DNA in a 
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Fig. 3- Densitograms of electrophoretic separations on 2. 5% polyacrylamide 
gels of DNA prepared from blastulae nuclei digested with micrococcal 

nuclease to 5% acid-soluble oligonucleotides (l), and digested additio- 
nally with 23 U/ml of pancreatic nuclease to a total of 9% acid-soluble 
oligonucleotides (2). Other conditions as in Fig. 1. 

non-random manner cutting preferentially segments of similar lengths. A sim- 

ple way to explain the apparent differences in the digestion products of chroma- 

tin DNA by the two nucleases was to assume that chromatin DNA was cut not 

only between one nucleosome and another, but also on each nucleosome giving 

rise to fragments about 50 percent the length of the unit fragment. The dif- 

ference between the DNA patterns observed with the two nucleases depended 

essentially on the different hydrolysis rates at the two sites, Micrococcal nu- 

clease would digest more rapidly the inter nucleosomes sites, while pancreatic 

nuclease would digest both sites at approximately the same rate. In order to 

test this hypothesis, chromatin in nuclei was digested first for 30 seconds with 

micrococcal nuclease, a sample was withdrawn and then pancreatic nuclease 

was added and the chromatin digested for an additional 30 seconds. The total 

acid-soluble DNA was less than 10% of the total. As shown in Fig. 3, all the 

DNA fragments formed after the initial hydrolysis with micrococcal nuclease, 

after the pulse with pancreatic nuclease, are almost quantitatively transferred 

under the single band with the mobility of t-RNA. This result shows that the 

two nucleases cut chromatin DNA at similar positions though at different rates. 
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In agreement with such an interpretation is the finding that calf thymus chro- 

matin digestion products with pancreatic nuclease, spleen nuclease and micro- 

coccal nuclease are all similar when fractionated on sucrose gradients (14). 

Indeed, it is unlikely that such a fractionation procedure discriminates nucleo- 

somes with intact DNA fragments and nucleosomes with DNA fragments split 

into two parts. Appreciable amounts of DNA fragments shorter than 60-70 

base pairs in length, have never been observed. This suggests that nucleosomes 

with split DNA units are unstable and dissociate. The next hydrolytic step is 

the complete digestion of the two unprotected DNA fragments. A detailed di- 

gestion model will be reported elsewhere. 

References 

1) 
2) 
3) 

4) 

Kornberg,R. D. (1974) Science, 184, 868-87 1. 
Noll,M. (1974) Nature, 251, 249-251. 
Burgoyne, L. A. , Hewish,D. R. and Mobbs, J. (1974) Biochem. J., 143, 

67-72. 
Honda, B. M. , Baillie,D. L. and Candido, P. M. (1974) Febs Letters, 48, 

156-159. 
5) Spadafora, C. and Geraci,G. (1975) Febs Letters, 57,79-82. 
6) Axel, R. , Melchior, W., Sollner-Webb, B. and Felsenfeld, G. (1974) PNAS, 

71, 4101-4105. 
7) 
8) 
9) 

10) 
11) 
12) 

13) 

14) 

McGhee, J. and Engel, J. D. (1975) Nature, 254, 449-450. 
Lohr,D. and Van Holde,K.E. (1975) Science, 188, 165-166. 
Hyde, J.E. and Walker,I.O. (1974) Febs Letters, 50, 150-154. 
Thomas, J. 0. and Kornberg,R. D. (1975) PNAS, 72, 2626-2630. 
Hinegardner,R. T. (1962) J. Cell Biol., 15, 303-308. 
Burton, K. (1967) Methods in Enzymology, XII B, (Grossman, L. and 

Moldave,K. eds. ) pag. 163, Academic Press. 
Mejbaum, W. (1966) Methods in Enzymology, III (Colowick, S. L. and 

Kaplan,N. 0. eds. ) pag. 87, Academic Press. 
Oosterhof,D. K., Hozier, J. C. and Rill,R. L. (1975) PNAS, 73, 633-637. 

295 


