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Summary: DNA from the European field vole Microtus agrestis was sheared to
fragments approximately 500 nucleotides in length in a French pressure cell
and fractionated according to repetitiveness on hydroxyapatite. Four frac-
tionszP amounting to 26% of the total DNA, were obtained at Cot values between
2x10~% and 8x10~1, Analysis of the fractions by density gradient centrifu-
gation in CsCl and determination of base composition and melting profiles,
revealed the presence of 3 main components: two minor highly repetitive com-
ponents, representing about 5 and 3% of the total DNA and rich in GC and AT,
respectively, and & major component of intermediate repetitiveness with a
base composition similar to that of total DNA,

Examination of mammalian DNA for repeated polynucleotide sequences nor-
mally shows 3 main fractions: 1) a unique minor fraction of satellite or high-
ly repetitive DNA (>lO6 copies) which represents approximately 5-10% of the
genome, 2) a fraction of intermediate repetitiveness (103 4o 10° copies) which
has not been investigated to any great detail and may represent as much as
30% of the genome, and 3) a major fraction, comprising the remainder of the
genome, which shows little or no repetitiveness (1-6). The recent observation
that mammalian satellite DNA is located in constitutive heterochromatin {2-5)
and is found by "in situ" hybridizgtion in the heterochromatic regions sur-
rounding the centromere and the nucleolar organizer (7,8), have provided
grounds for speculation concerning the role of this sizable portion of the
genome which is now believed to be largely non-transcriptional (5,6,9).

4 good model for the investigation of the above relationships is the

well known European field vole Microtus agrestis in which the bulk of the con-

stitutive heterochromatin is present in the giant sex chromosomes and 1s
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estimated to comprise some 17% of the total chromatin in the genome. In our
laboratory, this animal has recently been the subject of a detailed cytolog-
ical study (6,10} which showed that the two giant chromosomes remain conden-
sed, in one form or another, in a large number of somatic cells, as well as in
cells at all stages of development. The recent reports that DNA from M.
agrestis contains little or no detectable satellite DNA (11-13) and that its
repeated sequences amount to only 7% of the total DNA and are of the intermed-
iate repetitive type (13), were quite disturbing because of their inconsistency
with the above observations in other mammals. In the present investigation,
fractionation of sheared DNA from M. agrestis according to repetitiveness on
hydroxyspatite (1), followed by density gradient centrifugation in CsCl, re-
vealed that about 26% of the DNA is repetitive and includes two minor compo-
nents amowunting to approximately 5 and 3% of the total DNA and possessing most
of the characteristics of satellite DNA.
MATERIALS AND METHODS

DNA from M. ggrestis was extracted from liver nuclel isolated in heavy
sucrose by an adaptation of Marmur's procedure (14) described in a previous
paper (3). Fractionation on hydroxyapatite was performed as described by
Britten (1) with some modifications. DNA, at a concentration of 0.5 mg/ml in
0.4M phosphate buffer, pH 6.8, was sheared to fragments about 500 nucleotides
in length by two passages through a French pressure cell at 46,000 psi. The
solution was dialyzed against 0.01M phosphate buffer, heat denatured at 100°¢
for 10 minutes and fast cooled in dry ice-ethanol. Reassociation was perform-
ed at 65°C in 0.02 or 0.08M phosphate buffer, as shown in Table I. Following
the separation of each reassociated fraction on hydroxyapatite, the subsequent
fractions of decreasing repetitiveness were isolated by subjecting the previ-
ous fractions of non-reassociated DNA to another schedule of dialysis against

0.01M phosphate, heat denaturation (to ensure that non specific duplexes are
broken up) and reassociation.

Melting profiles of the DNA fractions were determined in 0.1SSC in seal-
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ed Beclman cuvettes (1 ml capacity), as described in a previous paper (5).
Upon completion of the dissociation of the DNA strands, the samples were slow-
1y cooled and the profiles monitored further, to detect any fast reassociation.

Base composition of the various DNA fractions was determined on formic
acid hydrolyzates, as described in a previous paper (3).

Density gradient centrifugation was performed in 0.01M Tris, pH 8.2, as
described by Flamm et al., {15).

RESULTS

The results of the fractionation of the repetitive sequences of M. agres.

tis DNA on hydroxyapatite are shown in Table I. The various fractions were

reassociated under conditions which were much more strigent than those used by

Table I. Estimated Cot values and GC content of hydroxyapatite
fractions from the DNA of M. agrestis2.

Fraction Phosphate Time of % DNA Estimated % GC
(Molar) Reassoc. Reassoc.l Cot value® Contentd

1 0.02 10 min 6.7 231074 42.6

II 0.08 5 min 4.0 2x1073 39.4
II1 0.08 60 min 8.1 5x10~2 39.4
v 0.08 19 hrs 6.8 gx10~t 39.5
Non repeated - - - - 39.5
Total DNA - - - - 39.7

I

Approximately 3 mg of sheared DNA were fractionated as described
under Methods. The DNA solutions were loaded on a 50x10 mm column

of hydroxyapatite at 65°C and the reassociated DNA fractions iso-
lated from the single stranded DNA by elution with O.4 and 0,12M
phosphate buffer, respectively. The concentration of DNA in the
eluates was determined by measuring the optical density at 260 mp in
a Beckman spectrophotometer, using cuvettes of 0.2 cm path length.
Values corrected for change in concentrations of DNA due to hyper-
chromic effect; this was estimated as the difference between the hy-
perchromic effect of sheared undissocilated DNA (30.2%) and that of
the non-repetitive fraction (8.5%) at 260 mp (See Fig. 1).

Co = Initial concentration of repeated sequences in the reassociation
mixture; t = time of reassociation in seconds. Cot values in 0.02
and 0.08M phogphate were divided by 62 and 2.5, respectively, to com~-
pare with the standard rate of reassociation in 0.12M phosphate
buffer established by Britten (1).

4 Base composition was determined on 1-2 ODygq units of DNA, The
variation in the per cent composition of the complementary bases

was less than 5% in all cases.,

je2

Io
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Britten (1) - 6500 and 0.02 or 0.08M phosphate instead of 6OOC and 0.12M phos-
phate - for two reasons: First, the lower buffer concentration slowed down
the rate of the reaction and allowed the use of relatively higher concentra-
tions of DNA, thus avoiding the need for labelled DNA (which is required for
the detection of reassociation at low Cot values) and providing sizable repet-
itive fractions for further characterization; second, both the lower buffer
concentration and higher temperature contributed to the reassociation of the
highly ordered sequences only. As seen in the table, four fractions, amount-
ing to 26% of the total DNA were reassociated at Cot values of 2x10_4, 2x10"3,
5x10_2 and 8x10~L. The values were extrapolated to those expected in 0.12M
phosphate, as indicated in the table legend. The table also includes the GC
content of the 4 fractions; Fraction I yielded a value (42.6%) which was sig-
nificantly higher than that of the other three fractions (39.4, 39.4 and 39.5%)
and of non-repetitive (39.5%) and total DNA (39.7%).

An estimate of the faithfulness of duplex renaturation of the four frac-
tions was inferred from the melting profiles shown in Fig. 1 (closed circles).
A11 four fractions showed sigmoid profiles, somewhat comparable to that of
total sheared DNA, although upon close examination Fraction I appeared to be
biphasic. The overall Tm value for Fraction I was 66.000, only slightly lower
than that of undissociated sheared total DNA (68.700). Fractions II, III and
IV yielded Tm values of 59.1, 58.1 and 59.2, respectively, about 10°C lower
than that of total DNA, Upon cooling at a fairly rapid rate (100/2 minutes),
total DNA and Fractiong II, III and IV showed little reassociation of strands,
while Fraction I showed almost a precise reassociation with a recovery of ap~
proximately 60% of the hyperchromicity (Fig. 1; closed circles). In other ex-
periments it was determined that such reassociation occurred even when the
temperature was brought down at a much faster rate (from 80°C to AOOC within
10 minutes). Since these profiles were determined in 0.1SSC (containing the
sodium ion- equivalent of 0.01M phosphate buffer at neutral pH) the rate of re-

association of Fraction I must be much faster than indicated by the Cot reported
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Fig. 1. Thermasl denaturation and renaturation profiles of hydroxyapatite
fractions from M. agrestis DNA. The profiles were determined on 0.3 ODogp
unit of DNA in a final volume of 0.8 ml, as described under Methods. De-
naturation profiles (closed circles); renaturation profiles (opened circles).

in Table I (2x10'4), which was the earliest possible under the experimental
conditions used. The hyperchromic effect of the four fractions varied between
25 and 30% and was essentially similar to that of tctal sheared DNA (30%).
Further characterization of the fouwr fractions was accomplished by den-
sity gradient centrifugation in neutral CsCl, as shown in Fig. 2. In spite of
the small size of the DNA fragments, three main pesks were observed at densi-
ties 1.717, 1.709 and 1.700 gm/cmB, respectively. Fraction I was composed
mainly of the 1.717 gm/c'm3 component (about 70%; or 4.8% of the total DNA),
but also contained a significant amount of the 1.700 gm/em’ component (about
30%; or 2% of the total DNA). Fractions II and III contained mainly the 1.709
gm/em3 component plus minor amounts of the 1.700 gn/cm’ component (about 15%
and 5%, respectively; or 0.6 and 0.4% of the total DNA). Fraction IV was com-
posed primarily of the 1.709 gm/cm3 component, but alsc contained some DNA on
both sides of this peak, probably representing non-repeated DNA sequences in

various stages of reassociation. Upon pooling the tubes representative of each
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Fig. 2. 0CsCl sedimentation patterns of hydroxyapatite fractions from M.
agrestis DNA, Each gradient contained approximately 1 ODsgp wnit. At the
end of the run, 10 drop aliquots (0.1 ml) were collected, diluted with 0.15
ml of water and the optical density at 260 mp measured in micro cuvettes of
1 cm path length. Aliquots represented by tubes 15, 30 and 45 were used for
measuring refractive indices. Peak numbers represent buoyant densities cal-~
culated from the refractive indices at 25°C.

peak (as shown by the shaded areas in Fig. 2), dialysis vs. 0,1SSC and deter-
mination of melting profiles of the purified components, the 1.717 gm/cm3 com-
ponent - or main component of Fraction I - was quite sigmoid and monophasic
with a Tm value of 66.8°C. The 1.709 and 1,700 gm/cm3 components showed pro-
files essentially similar to those of the other three fractions in Fig. 2,
with Tm values of 59.0 and 61.500, respectively. Upon subsequent cooling in
0.1SSC the 1.717 gm/cm3 strands showed virtually complete reassociation while
those of the other two components showed almost none, as expected. However,
when dialysis was performed againsgt 0.5SSC the 1.700 gm/cm3 strands reassocia-
ted almost completely upon cooling, while those of the 1.709 gm/cm3 component
showed little reassociation. Under this condition, the Tm values were about
12°C higher due to the higher concentration of cations (16). Base analysis
further revealed that the GC content of the 1.717 gm/cm3 component is 49.3%
and is 6.7% higher than indicated by the GC content of Fraction I (42.6%;
Table I). The GC content of the 1.700 gm/cm’® component was not determined,
due to its presence in small amounts, but is probably low since it caused this

decrease in the GC content of Fraction I by virtue of its presence as a minor
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component (about 30%; see Fig. 2). The GC content of the 1.709 gm/cm3 compo~
nent was similar to that of total DNA (39%).
DISCUSSION

The presence of an appreciable portion of the DNA of M. agrestis as
repeated sequences is consistent with similar observations in other mammals
(1-6). The isolation of highly repetitive satellite-like DNA's from hydroxy-
apatite fractions, as shown here for the two minor components of M. agrestis,
represents, to our best knowledge, the first successful attempt at such an iso-
lation. The procedures described should aid in the isolation of similar compo-
nents from other DNA's which are not amenable to the usual fractionation tech-
niques in Cesium salts. Furthermore, such components should be easier to locate
within density gradients of undissociated DNA when first isclated in this man-
ner, In the case of M. agrestis, although the satellite DNA's have not yet
been isolated in their original double stranded form to establish their identity
with the components isolated on hydroxyapatite, the evidence presented suggests
that they are quite similar. There are also preliminary indications that the
complementary strands of the 1.717 gm/cm3 component are so well matched that a
strand bias can be shown by density gradient centrifugation in alkaline CsCl.
This possibility, together with the possibility of isolating the satellite DNA's
by éonal density gradient centrifugation, is currently being investigated.

The relation of the repetitive fractions of M. agrestis to the giant
sex chromosomes is of special interest. Recently we have described a technique
for the localization of repetitive DNA in metaphase chromosome preparations,
using a conventional stain (17). The results indicated that the bulk of the
giant sex chromosomes and the pericentromeric chromatin are composed of repeti-
tive DNA.
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