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ABSTRACT: The repeating units of mouse, rat, and a-monkey satellites have been cloned. All three show 
properties that are characteristic of curved DNA: (i) their migration in polyacrylamide gels is slower than 
predicted from their sequences, and (ii) they appear as curved molecules when visualized by electron 
microscopy. All three satellite repeats contain runs of d(A.T),23 residues that are likely to be responsible 
for their curvature. From analysis of 20 different satellite DNA sequences, we conclude that, in satellite 
DNA, adenine residues show a high tendency to cluster in groups of three or more. 

A significant proportion of eukaryotic genomic DNA is 
formed by tandemly repeated satellite DNA sequences 
(Brutlag, 1980). Their monomeric units are variable in length 
and quite complex in sequence. Several functions have been 
proposed for satellite DNA (Singer, 1982). Satellite DNAs 
are universally, although not exclusively, associated with re- 
gions of constitutive heterochromatin (Brutlag, 1980; John & 
Miklos, 1979). In particular, a centromeric location has been 
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demonstrated for many satellites (Peacock et al., 1978), and 
a role in centromeric chromatin condensation during meta- 
phase has been proposed for mouse satellite DNA (Lica et al., 
1986). It has also been suggested that satellite DNAs might 
be involved in some gene amplification events (Bostock & 
Clark, 1980) as well as in spindle attachment during meta- 
phase (Avila et al., 1983). 

The molecular basis of the peculiar properties shown by 
satellite chromatin, such as transcriptional inactivation and 
high degree of condensation, is still unknown. Nuclear proteins 
that appear to interact preferentially with satellite DNA se- 
quences have been detected in several eukaryotic cells (Hsieh 
& Brutlag, 1978; Levinger & Varshavsky, 1982; Garreau & 
Williams, 1983; Strauss & Varshavsky, 1984). In particular, 
a non-histone nuclear protein that recognizes runs of d(A.T),,5 
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has been found to bind preferentially to a-monkey satellite 
sequences (Strauss & Varshavsky, 1984; Solomon et al., 1986). 
This protein has been proposed to function as a nucleosome- 
positioning protein (Strauss & Varshavsky, 1984). Proteins 
showing a similar affinity for d(A-T), runs have also been 
isolated from other eukaryotic cells (Elton et al., 1987; Reeves 
et al., 1987; Russnak et al., 1988; Winter & Varshavsky, 
1989). However, nothing is known about the binding of such 
proteins to satellite DNA. In this paper, we address the 
question of whether satellite DNAs show any structural feature 
that might be relevant for their biological function. We have 
found that mouse, rat, and a-monkey satellite repeats show 
a significant degree of curvature that is likely to be associated 
with the presence of runs of d(A-T),,, residues in their se- 
quences (Trifonov, 1985; Koo et al., 1986). Radic et al. (1987) 
have also reported recently the curvature of mouse satellite. 
Furthermore, from analysis of 20 different satellite DNA 
sequences it is concluded that adenine residues show a high 
tendency to cluster, suggesting that curvature might be a 
common structural feature of satellite DNAs. 

MATERIALS AND METHODS 
Cloning and Sequencing. Mouse, rat, and a-monkey sat- 

ellite repeats were cloned into pUC19. Rat and a-monkey 
satellite monomers were obtained by complete HindIII di- 
gestion of total genomic DNA. Monomers were then purified 
by agarose gel electrophoresis and cloned at the unique HindIII 
site of pUCl9. Mouse satellite monomers were prepared by 
BsrNI cleavage of the purified satellite obtained as described 
elsewhere (Wiche et al., 1978). The monomeric fragments 
were then purified as before and cloned into the SmaI site of 
pUC19 after the cohesive ends left by BstNI had been filled 
in with the Klenow fragment. DNA sequencing was carried 
out by the method of Sanger. 

DNA Electrophoretic Analysis. The monomeric repeats of 
mouse, rat, and a-monkey satellites were prepared from the 
corresponding pUC 19 recombinants by cleavage with the 
appropriate restriction endonucleases, as indicated in each case. 

Nondenaturing polyacrylamide gel electrophoresis was 
performed on either 7% or 5% polyacrylamide-TBE gels run 
at 150 V for 14 h at 4 OC. To determine the K factor value 
(observed length/expected length), each DNA fragment was 
coelectrophoresed in the same lane with pBR322 MspI frag- 
ments used as molecular weight markers. Regression curves 
generated by these molecular weight standards showed re- 
gression coefficients better than -0.99. Therefore, we estimate 
that the experimental error in the determination of the K factor 
is not higher than f0.005. Denaturing polyacrylamide gel 
electrophoresis was carried out on an 8% polyacrylamide-7 
M urea-TBE gel run at 600 V for 8 h. Agarose gel electro- 
phoresis was performed on a 1.5% agarose-TBE gel run in the 
presence of ethidium bromide (0.5 pg/mL) at 125 V for 16 
h at room temperature. Gels were stained with ethidium 
bromide (0.5 pg/mL) and photographed under UV light. 

Electron Microscopy Visualization. For electron micros- 
copy, DNA fragments prepared by cleavage with the appro- 
priated restriction endonucleases were purified by gel filtration 
through a Sepharose CL-2B column eluted with 10 mM Tris 
(8.0)-1 mM EDTA. Samples were then diluted 150 with 5 
mM TEA (7.0)-0.2 mM EDTA, absorbed as a drop on thin 
carbon films pretreated with Alcian Blue, and then rotary 
shadowed with Pt-C and visualized under a Philips 301 
electron microscope. 

To determine the radius of curvature, 10-15 individual 
fragments were chosen for each satellite. Fragments were then 
digitalized at regular intervals, and the radius of curvature 
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of every consecutive three points was determined. The results 
obtained were averaged by cross-correlating each fragment 
with all the other fragments in the series. Curvature is ex- 
pressed as the inverse of the radius of curvature. 

Sequence Analysis. The search for d(A.T),,, runs was 
carried out for 20 different satellite DNA sequences obtained 
from the EMBL databank. The expected frequencies of ap- 
pearance of d(A.T),,3 runs ( E )  were calculated, account being 
taken of the actual A+T content of each satellite, according 
to 

[ l - a  1 - t l  

where a and t are the percentages of adenine and thymine 
residues, respectively, and N is the size in base pairs of the 
satellite repeat. 

Statistics of the deviation of the observed frequencies of 
appearance (0) from the expected frequencies ( E )  was carried 
out according to a x2 analysis. 

RESULTS 
The monomeric repeats of mouse, rat, and a-monkey sat- 

ellites were cloned in pUC19 as described under Materials and 
Methods. The cloned monomeric units were sequenced, and 
they were found to be representative of the corresponding 
consensus sequences (Figure 1). 

All three monomeric units show an anomalous electropho- 
retic behavior when analyzed in polyacrylamide gels (Figure 
2). Their electrophoretic migrations are significantly slower 
than expected from their actual length, a characteristic that 
is generally associated with the presence of curved DNA. For 
the electrophoretic analysis shown in Figure 2, rat and a- 
monkey repeats were prepared by HindIII digestion of the 
corresponding pUC 19 recombinants. These DNA fragments 
contain exclusively the corresponding satellite repeat. Mouse 
satellite repeat was obtained by digestion with KpnI and 
BamHI of the corresponding pUC19 plasmid. This restriction 
fragment contains, in addition to the 234 bp long mouse repeat, 
10 bp more corresponding to the KpnI-BamHI fragment of 
the polylinker of pUC19. The apparent lengths of rat, mouse, 
and a-monkey satellite monomeric units as determined by 
polyacrylamide gel electrophoresis are 425, 343, and 186 bp, 
respectively (Figure 2), while the corresponding lengths de- 
termined by sequence analysis are 370 bp for rat satellite, 244 
bp for mouse satellite, and 172 bp for a-monkey satellite 
(Figure 1). This altered electrophoretic migration is not ob- 
served when the samples are analyzed in agarose gels or under 
denaturing conditions (data not shown). Deviation from the 
expected mobility in polyacrylamide gels is higher for the 
mouse satellite monomer, which shows a K factor (observed 
length/expected length) of 1.41. Rat and a-monkey satellite 
monomeric units show smaller deviations with K factors of 1.15 
and 1.08, respectively. Retardation in polyacrylamide gels of 
curved DNA molecules is highly influenced by the precise 
location of the bend within the sequence, being maximum when 
it is located close to the center of the sequence (Wu & 
Crothers, 1984). Therefore, these results should not be in- 
terpreted as indicative of differences in the degree of curvature 
of the three satellite monomeric units studied. 

Dependence of the K factor value on the precise location 
of the bend within the fragment provides a method for in- 
vestigation of the curved character of any DNA sequence (Wu 
& Crothers, 1984). It consists of the production of DNA 
fragments containing the sequence under investigation at 
different relative positions from the 5’-end to the 3’-end. If 
the sequence under investigation introduces curvature, all 
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FIGURE 1 : DNA sequences of the cloned monomeric repeats of rat, 
a-monkey, and mouse satellites. Runs of three or more adenines are 
indicated in capitals. Changes with respect to the corresponding 
consensus sequence are shown underneath the sequence. 

DNA fragments should show a retarded migration in poly- 
acrylamide gels. However, fragments carrying the bend near 
the ends will show lower K factors than those carrying it close 
to the center. All three satellite monomeric units behave as 
expected for a curved molecule in such a permutation analysis. 
As is indicated in Figure 3, DNA fragments containing the 
satellite repeats at different relative positions were obtained 
by cleavage of the corresponding pUC 19 recombinants with 
the appropriate restriction endonucleases. All satellite con- 
taining DNA fragments show a retarded migration in poly- 
acrylamide gels. DNA fragments carrying the satellite se- 
quence close to the center, such as the BstNI-BstNI a-monkey 
fragment or the HaeIII-Hind111 mouse fragment, show the 
highest K factor values (Figure 3). The BsrNI-BstNI rat 
fragment constitutes an exception to this behavior that will 
be discussed latter. On the other hand, fragments carrying 
the sequence near one of the ends, such as the BstNI-MspI 
rat fragment, the Sall-BstNI a-monkey fragment, or the 
HaeIII-BamHI mouse fragment, show the lowest K factor 
values (Figure 3). I n  some cases, as for the Sall-BstNI 
a-monkey fragment, the lowest K factor value is obtained when 
the satellite repeat is located at the 5'-end of the fragment, 
indicating that a major contribution to the intrinsic curvature 
of a-monkey satellite arises from sequence elements contained 
within its 5'-half. I n  the case of mouse and rat satellites, the 
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I 2 3 4  

404 

309 

190 

FIGURE 2: Electrophorctic analysis of mousc, rat, and a-monkey 
satellite monomeric units. A 7% polyacrylamide-TRE gel electro- 
phoresis is presented for rat (lane 3), mouse (lane 2), and a-monkey 
(lane 4) satellite repeats. Satellite repeats were coelcctrophoresed 
in the same lane wi th  pBR322 Mspl fragments (lane 1 )  used as 
molecular weight markers. Rands corrcspnding to the satellite repeats 
arc indicated by the arrows. The size in basc pairs of selected mo- 
lecular weight markers is indicated. 

lowest K factors are obtained when the repeats are close to 
the 3'-end of the fragments, indicating that in these cases DNA 
sequences contained within their 3'-halves show the strongest 
contribution to curvature. 

That the rat satellite repeat contains a stable bend localized 
at its 3'-half was confirmed by internal restriction cleavage. 
The Hind11 I rat repeat contains an internal HaelII restriction 
site which occurs at position 201 and divides it into two 
fragments of roughly similar sizes. Both fragments show an 
altered migration in polyacrylamide gels. However, the 3'-half 
fragment shows a higher retardation than the 5'-half fragment, 
with K factors of 1.25 and 1.14, respectively (Figure 3). This 
uneven distribution of bends gives a reasonable explanation 
for the anomalous behavior observed for the BstNI-BstNI rat 
fragment. This DNA fragment shows a lower K factor than 
expected given the central location of the rat repeat within it. 
However, if the rat satellite repeat contains a major bend(s) 
at its 3'-half, one should expect that the BstNI-BstNI frag- 
ment would show a lower K factor than those fragments 
containing 5'-deletions, since the bend(s) in the latter would 
actually occupy a more central position. These results confirm 
the curved character of the three satellite repeats investigated 
and permit a gross mapping of the bend sites within the sat- 
ellite repeat sequences. 

DNA curvature can also be visualized by electron micros- 
copy (Griffith et al., 1986). When the three satellite mo- 
nomeric units mentioned above are analyzed by electron 
microscopy, a significant proportion of the fragments are found 
to appear as curved molecules (Figure 4). About 68% of rat 
monomeric units are found to be bent by 90' or more (Figure 
4A). Similarly, about 55% of mouse satellite fragments appear 
curved by 90' or more (Figure 4B). The curvature of a- 
monkey satellite is more difficult to detect by electron mi- 
croscopy mainly because of the smaller size of the repeating 
unit. However, about 4540% of the fragments appear curved 
by 90' or more. On the other hand, a 346 bp long pBR322 
fragment originated by Hind111 + BamH I cleavage does not 
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I _ _ I  
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Table I: Distribution of d(A-TL Tracts within Rat. a-Monkev. and Mouse Satellite RePeats 

I1 

rat monkey mouse 
nucleotide sequence helical nucleotide sequence helical nucleotide sequence helical 
position" elementb position' position" elementb position' position" elementb position' 

67 A4 0.44 
86 A4 0.27 

I38 A37-4 
158 AAT, 

337 T3 
I 344 A4N2T3 

3 A, 0.28 
I 10 A4 0.96 

26 A3 0.50 I 
I 31 A, 0.98 I/ 

60 T3 0.77 
69 A3 0.63 
99 7-3 0.52 

116 T3 0.15 
159 A3 0.29 
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I 22 A4 0.11 
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I 91 A4T3 0.75 I 
100 A3 0.61 

' b l  0.21 IV 
189 0.17 
198 A5 0.04 
207 A5 0.90 
216 A3 0.77 

"Nucleotide position; refers to the position in the nucleotide sequence of the first residue of the tract. b N  = guanine or cytosine; A = adenine; T 
= thymine. ' Helical position; refers to the position of the first residue of the tract with respect to the helical repeat, assuming a helical pitch of 10.4 
bP. 
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1.14 
1.25 

1.09 
1.09 
1.08 
1.07 
1.09 

1.36 
1.35 
1.35 
1.33 

FIGURE 3: Permutation analysis of rat, a-monkey, and mouse satellite 
DNA monomers. DNA fragments containing the satellite repeats 
(shown by the boxes) at different relative positions were obtained by 
cleavage of the corresponding pUCl9 recombinants with the restriction 
endonucleases indicated in each case. The size of each fragment in 
base pairs is shown. The K factor values were determined by poly- 
acrylamide gel electrophoresis (see Materials and Methods). Bars 
correspond to 100 bp.- 

show any significant curvature (Figure 4D). Only about 5% 
of the molecules are bent by 90" or more. 

The shape adopted by a DNA fragment on the electron 
microscope grid might not be totally representative of the 

actual shape of the molecule in solution. However, deter- 
mination of the radius of curvature along the fragment will 
detect the site(s) of increased curvature. Figure 5 shows the 
curvature ( K ) ,  expressed as the inverse of the radius of cur- 
vature, along the three satellite repeats mentioned above, as 
well as for the pBR322 HindIII-BamHI fragment used as a 
control. All three satellites show sites of increased curvature 
(Figure 5A-C) while the control does not show any site of 
significantly increased curvature (Figure 5D). In the three 
satellite repeats, the sites of increased curvature detected are 
distributed asymmetrically with respect to the center of the 
sequence. For instance, a-monkey satellite shows a marked 
bend near one of its termini (Figure 5B). Rat and mouse 
satellite repeats show a higher number of sites of increased 
curvature. At least three sites of increased curvature are 
detected in rat satellite (Figure 5A) which are unevenly dis- 
tributed along the sequence, being concentrated in one of its 
two halves. Mouse satellite shows a more uniform distribution 
with at least three sites of increased curvature slightly displaced 
toward one of its ends (Figure 5C). These results are con- 
sistent with those obtained from the permutation analysis 
shown in Figure 3. 

The structural basis of DNA curvature is still a matter of 
investigation. It is known that runs of d(A-T),13 residues 
within a DNA sequence induce curvature (Trifonov, 1985; Koo 
et al., 1986; Diekmann & von Kitzing, 1988). Nelson et al., 
(1987) have solved recently the crystal structure of a dode- 
camer containing a run of six adenines. The structure of this 
DNA molecule strongly suggests that, due to the high propeller 
twist of each A-T base pair, deflection of the helical axis is 
likely to occur predominantly at the junction regions at the 
ends of the A tract. As is shown in Figure 1 and Table I, all 
three satellite repeats contain several runs of three or more 
adenines. Any of these A elements is likely to introduce local 
structural deformations. Deformations originated by A tracts 
that occupy equivalent positions with respect to the helical 
pitch will sum their contributions, resulting in macroscopic 
curvature. The rat satellite repeat contains three well-defined 
groups of phased A tracts (Table I) that, in agreement with 
the results obtained from the permutation and electron mi- 
croscopy analysis, are concentrated in its 3'-half. Many of 
the A elements of rat satellite are formed by combinations of 



FIGURE 4: Electron microscopy visualization of (A) rat satellite monomer, (B) mouse satellite monomer, (C) a-monkey satellite monomer, 
and (D) Hind1 I I-BumHI pBR322 fragment. Arrowheads indicate fragments showing characteristic bends. Insets correspond to higher 
magnifications of these fragments. Bars equal 0.20 pm. 

corresponds to the aveiage of 10-1 5 independint determinations. 

adenine and thymine residues of the sort AxT,,, which are 
known to introduce curvature (Hagerman, 1986; Burkhoff & 
Tullius, 1988; Sarma et al., 1988). An A,, sequence occurs 
at nucleotide position 86 which is in phase with the first group 
of A tracts though it is probably to far away from it to show 
an additive effect. The second group of phased A tracts occurs 
at nucleotide positions 251 and 261, and it is likely to be 
responsible for the strong curvature shown by the HueIII- 
Hind111 rat fragment since it occupies a very central position 
in this fragment. A third group of phased A tracts is found 
at nucleotide positions 323 and 344, which are spaced by two 
T tracts that are not in phase. In the a-monkey satellite repeat, 
only one group of phased A tracts is observed that, in good 
agreement with the results obtained from the permutation and 
electron microscopy analysis, is located close to the 5'-end of 
the fragment. On the other hand, mouse satellite shows a quite 

FIGURE 5: Distribution of the curvature along the monomeric repeats of (A) rat satellite, (B) a-monkey satellite, (C) mouse satellite, and 
(D) HindIII-BumHI pBR322 fragment. The curvature (K) is expressed as the inverse of the radius of curvature, determined as described 
under Materials and Methods. K corresponds to the average curvature of each fragment. Points above the dashed line correspond to sites 
showing a curvature higher than average while mints underneath the dashed line correspond to sites with no increased curvature. Each point 

uniform distribution of A tracts throughout its sequence with 
at least five groups of consecutive phased A elements. In 
agreement with the results obtained from the permutation and 
electron microscopy analysis, the location of these groups of 
A elements is slightly displaced toward the 3'-half of the 
sequence. However, two of these groups (groups I and V) are 
localized close to the 5'-termini of the fragment and have not 
been detected by our analysis. It must be noticed that group 
V, indicated by a broken box in Table I, contains alternations 
of phased A and T tracts, of which the induced structural 
deformations might cancel each other. In this respect, Koo 
et al. (1986) have reported that multimers of the sequence 
A6NdT6N4 show significant curvature, suggesting that local 
deformations due to successive A and T tracts do not cancel 
each other, although it is unclear whether T tracts have any 
contribution at all to the global curvature of the multimer or 
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Table 11: Occurrence of d(A.T),,, Tracts in Safellite DNA SequenceS 
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0" Eb X 2  A+T (%) ref 
D. melanogaster 353-bp repeat 95 45.8 53.0 69.7 Carlson & Brutlag, 1979 
D.  melanogaster 254-bp repeat 76 45.9 19.7 69.3 Lohe & Brutlag, 1986 
A. suum variant A 5 9.1 1.8 65.8 Streeck et al., 1982 
A. suum variant B 25 14.3 8.0 65.0 Streeck et al., 1982 
mouse 60 46.9 3.7 63.2 Horz & Altenburger, 1981 
human CY Xbal repeat 88 61.0 11.9 62.6 Gray et al., 1985 
human CY EcoRI repeat 26 29.1 0.3 61.7 Gray et al., 1985 
rat 31 31.9 0.8 61.8 Pech et al., 1979 
monkey a 21 13.6 4.0 60.4 Rosenberg et al., 1978 
newt variant 1 24 12.3 11.1 54.5 Diaz et al., 1981 
newt variant 2 17 12.0 2.1 46.8 Lloyd et al., 1986 
A.  cepa 57 21.7 57.4 53.7 Barnes et al., 1985 
C. sativus 42 10.2 99.1 53.2 Ganal et al., 1986 
X .  laevis 745-bp repeat 81 37.3 51.2 52.8 Meyerhof et al., 1983 
X .  laevis 1037-bp repeat 101 51.2 46.2 52.5 Meyerhof et al., 1983 
ovine 1.7 14 g/mL 36 22.3 8.4 43.1 Reisner & Bucholtz, 1983 
bovine 1.709 g/mL 408 150.7 439.3 49.1 Skowronski et al., 1984 
bovine 1.7 11 g/mL 37 46.6 8.0 46.6 Streeck, 1981 
bovine, 1.7 I5 g/mL 50 29.3 14.6 40.5 Plucienniczak et al., 1982 
bovine satellite I1  8 6.9 0.2 32.3 Buckland, 1985 

Observed frequencies of appearance. Expected frequencies of appearance. 

whether it is exclusively due to the regularly spaced A tracts. 
The analysis described above must be interpreted as an 

attempt to determine the sequence elements responsible for 
most of the intrinsic curvature shown by the three satellite 
repeats investigated. However, we have not considered the 
influence of the different groups of phased A elements nor the 
possible contribution of the out-of-phase A tracts upon the 
global curvature of the fragments. 

DISCUSSION 
Many examples of naturally occurring curved DNA have 

been reported recently. Kinetoplast minicircles constitute an 
extreme case of curved DNA (Marini et al., 1982), but DNA 
curvature has also been observed in many origins of replication 
of plasmids, phages, and viruses (Trifonov, 1985), as well as 
in sequences proximal to the ARSl of Saccharomyces cer- 
euesiae (Snyder et al., 1986). DNA sequences upstream of 
the tRNA operon in Salmonella have also been shown to be 
curved (Bossi & Smith, 1984). Finally, centromeric sequences 
in  the yeast Saccharomyces cereuesiae are also curved (Ng 
et al., 1986). In this paper, we show that the monomeric 
repeats of mouse, rat, and a-monkey satellites are curved to 
a significant extend as judged by their anomalous migration 
in polyacrylamide gels and their appearance under the electron 
microscope. Radic et al. (1987) have also reported recently 
the curvature of mouse satellite. Our results confirm the 
curved character of mouse satellite and extend this observation 
to two other satellite DNA sequences (rat and a-monkey). 
Furthermore, through the combination of permutation, electron 
microscopy, and sequence analysis, we have been able to de- 
termine the sequence elements that show the strongest con- 
tribution to the intrinsic curvature of the three satellite DNA 
sequences investigated. In mouse and a-monkey satellite most 
of the global curvature is due to groups of phased A runs. On 
the other hand, in rat satellite the sequence elements showing 
the strongest contribution to curvature are formed by com- 
binations of adenine and thymine residues of the sort A,T,,. 

Since all three satellite repeats studied in this paper are 
found to be curved, it is possible that curvature would be a 
common feature of satellite DNA sequences. In view of this, 
we have performed a search for ~ (AsT) , ?~  runs in 20 published 
satellite DNA sequences whose A+T content ranges from 
about 69% of the Drosophila melanogaster 1.688 g/mL 
satellite to about 32% of bovine satellite 11. As is shown in 
Table 11, satellite DNAs contain in general more d(A-T),,, 

runs than expected from their A+T content, and it is frequent 
to find runs of five to six adenine residues. This enrichment 
in A elements does not seem to correlate with the A+T con- 
tent, and in fact, the highest enrichment in A tracts is found 
in bovine 1.709 g/mL satellite, which is not A+T rich. On 
the other hand, the distribution of cytosine or guanine residues 
does not show any common peculiarity. Some satellites are 
enriched in G tracts, but in general, the number of observed 
G tracts correlates quite well with its expected frequency of 
appearance (data not shown). The deviation of the observed 
frequencies of appearance of A tracts from their expected 
values is statistically significant to a level of confidence of 95% 
according to x2 analysis for practically all the sequences in- 
vestigated. These results show that adenine residues in satellite 
DNA have a high tendency to be clustered in groups of three 
or more, indicating that satellite DNAs contain sequences that 
can induce curvature. Further experimentation will be re- 
quired before curvature is established as a common structural 
feature of satellite DNA sequences. 

DNA curvature is likely to have a strong influence on 
chromatin organization. It has been suggested that DNA 
curvature may account for sequence-specific positioning of 
nucleosomes (Drew & Travers, 1985). Nucleosome phasing 
may result from the inability of curved DNA to be packed into 
nucleosomes or, alternatively, from the interaction of specific 
nuclear proteins. Nonhistone nuclear proteins that prefer- 
entially recognize runs of d(A.T), have been identified in 
several eukaryotic cells. In particular, binding of the a-protein 
to the a-monkey satellite footprints close to the groups of 
phased A tracts that we have recognized as responsible for its 
intrinsic curvature (Strauss & Varshavsky, 1984). By faci- 
litating a regular packing of nucleosomes, phasing induced by 
curved DNA might account for the structural properties shown 
by satellite chromatin and, in particular, for its high degree 
of condensation. Actually, it has been shown that treatment 
of living mouse cells with distamycin A or Hoeschst 33258, 
which bind to A+T-rich DNA and eliminate DNA curvature, 
results in a strong decondensation of centromeric hetero- 
chromatin (Radic et al., 1987). 
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