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Abstract The DNA of three previously cloned interband regions (85D9/D10, 86B4/B6, and 61C7/C8) of
Drosophila melanogaster polytene chromosomes has been tested for the presence of matrix association regions (MAR),
using the in vitro matrix-binding assay of Cockerill and Garrard. MARs were found in all three interband regions under
study. These results are discussed in frames of a model postulating that interband regions of polytene chromosomes
correspond to the chromosomal DNA loop borders, which can be identified in interphase nuclei using biochemical
approaches. J. Cell. Biochem. 72:368–372, 1999. r 1999 Wiley-Liss, Inc.

Key words: polytene chromosomes; interbands; matrix association regions

The polytene chromosomes of Drosophila me-
lanogaster are usually considered a good model
to study the architecture of interphase chromo-
somes of higher eukaryotes. Surprisingly, it is
still unclear whether pattern of bands and inter-
bands visible in polytene chromosomes corre-
spond to the partitioning of chromosomal DNA
into loops. The latter were identified in inter-
phase nuclei of different eukaryotic cells using
both biochemical and microscopical approaches
[for review, see Roberge and Gasser, 1992; Jack-
son et al., 1992; Razin et al., 1995; Razin, 1996].
The average size of the above loops was esti-
mated as 25–100 kb [Jackson et al., 1990]. The
loops are thought to be attached to the high salt
insoluble nuclear matrix via complex DNA–
protein interactions, which remain poorly char-
acterized [Razin, 1996]. The specific DNA se-
quence elements known as matrix association
regions (MARs) [Cockerill and Garrard, 1986]
or scaffold attachment regions (SARs) [Mirkov-
ich et al., 1984] seem to play an important role

in the attachment of DNA loops to the nuclear
matrix [Roberge and Gasser, 1992; Laemmli et
al., 1992; Iarovaia et al., 1996]. The distribution
of MARs/SARs in the genome has been inten-
sively studied [Dijkwell and Hamlin, 1988; Phi-
Van L, Stratling, 1988; Bode and Maass, 1988;
Levy-Wilson and Fortier, 1989; Brun et al.,
1990]. Some of the results suggest that MARs
are located at the borders of functional genomic
domains [Phi-Van L, Stratling, 1988; Bode and
Maass, 1988; Levy-Wilson and Fortier, 1989]. It
is extremely interesting to compare the distribu-
tion of MARs in the genome of Drosophila mela-
nogaster with the partitioning of polytene chro-
mosomes into morphologically distinct domains:
bands and interbands. Indeed, the sizes of bands
and interbands were estimated, respectively, as
5–100 kb and 0.3–4 kb [Zhimulev, 1994]. Hence,
it is tempting to suggest that bands correspond
to DNA loops and interbands—to the attach-
ment regions. However, the direct analysis of
the representation of MAR sequences in the
interband DNA was not possible, because of the
absence of an experimental approach suitable
for isolation of interband DNA. The situation
has changed, since Demakov and collaborators
succeeded in cloning several interband regions
targeted by transposon integration (Demakov
et al., 1993; Schwartz et al., 1998). In the pre-
sent work, we have tested three cloned inter-
band regions for the ability to bind nuclear
matrix in vitro. As follows from the obtained
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results, all these interband regions contain mul-
tiple MAR elements.

MATERIALS AND METHODS
Recombinant Clones

The recombinant clones 85–14.8, 86–7.0, and
61–3.8HB containing DNA from 85D9/D10,
86B4/B6, and 61 C7/C8 interband regions, re-
spectively, have been described previously [De-
makov et al., 1993; Schwartz et al., 1998]. Physi-
cal maps of these three clones are shown in
Figure 1.

Isolation of Nuclei and Nuclear Matrices

The nuclei from Drosophila melanogaster lar-
vae were isolated as described by [Shaffer et al.,
1994]. Isolated nuclei were stored for #3 months
at 220°C in a solution containing 60 mM KCl,
15 mM NaCl, 1 mM EDTA, 0.1 mM EGTA, 15
mM Tris-HCl (pH 7.4), 0.15 mM spermin, 0.5

mM spermidin, 0.5% dithiotreitol, 50% glyc-
erol. To isolate nuclear matrices, the nuclei
were washed with cold TM buffer (10 mM Tris-
HCl (pH 7.4), 3 mM MgCl2, 1 mM phenylmethyl-
sulfonyl fluoride (PMSF)) supplemented with
0.2 mM CuSO4 and resuspended in the same
buffer. Then NP-40 was added (5% solution up
to the final concentration of 0.1%) and suspen-
sion was incubated on ice for 10 min. This was
followed by two washes with TM buffer. Perme-
abilized nuclei were then resuspended again in
TM buffer and DNase I was added at #100
µg/ml. After incubation for 30 min at 37°C, an
equal volume of ice-cold extraction buffer (4 M
NaCl, 20 mM EDTA, 20 mM Tris-HCl, pH 7.4)
was added. After incubation for 20 min at 0°C
the nuclear matrices were precipitated by cen-
trifugation for 15 min at 1,000g and 4°C. The
pellet was washed one time by 0.53 extraction
buffer and two times by TM buffer supple-
mented with 0.25 mM sucrose. The matrices

Fig. 1. Physical maps of three recombinant clones containing interband regions under study. A: Map of 85–14.8 clone. Gray boxes,
MARs founded in the present work. The points of P-transposone insertions in the interband regions of transformed strains are marked by
triangles. B,C: Maps of 86–7.0 and 61–3.8 HB clones correspondingly. Dotted line, XhoI–EcoRI fragment from 86–7.0 clone, which
forms the covalent complex with the nuclear matrix proteins. R, H, X, S, B, sites of EcoRI, HindIII, XhoI, SalGI, and BamHI restriction
endonucleases recognition. Scale bar5 1 kb, under each map.
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were stored at 220°C in the above buffer supple-
mented with 50% glycerol.

Binding In Vitro of Cloned DNA Fragments
to Nuclear Matrix

The MAR assay was carried out exactly as
described by Cockerill and Garrard [1986]. The
soluble and matrix bound DNA was purified by
conventional procedure and analyzed using elec-
trophoresis in 1% agarose gel. Digestion of
cloned DNA by restriction enzymes and label-
ing of the DNA fragments were carried out as
described [Maniatis et al., 1982].

RESULTS AND DISCUSSION

The sets of DNA fragments for the MAR
assay were prepared by treatment of the 85–
14.8 clone DNA with EcoRI restriction enzyme,
86–7.0 clone DNA with EcoRI, SalGI, and XhoI
restriction enzymes and 61–3.8HB clone DNA
with EcoRI, BamHI, and HindIII restriction
enzymes (Fig. 1). Note that each set of restric-
tion fragments to be tested for matrix binding

contained a prokaryotic vector that served as a
negative control. The bone fide MAR from the
Drosophila histon gene cluster [Mirkovich et
al., 1984; Cockerill and Garrard, 1986] was
used as a positive control. The results of matrix-
binding experiments are shown in Figure 2.

One can see that four fragments (2.2, 1.4, 1.1,
and 0.7 kb) of the DNA of clone 85–14.8 were
almost completely detained by the nuclear ma-
trix (Fig. 2B). Three of these fragments (2.2,
1.4, and 0.7 kb map close to the site of transpo-
son integration (Fig. 1A) and hence represent
the interband region. As has been discussed
previously, the border of interband cannot be
mapped with .1-kb precision. Yet, according to
our previous estimation, the 2-kb region con-
taining the transposon integration site in the
middle comprise for at least one-half of the
corresponding interband [Demakov et al., 1993;
Schwartz et al., 1998]. Among the fragments of
the 86–7.0 clone, the 1.3 EcoRI–SalGI frag-
ment (again from the interband region; Fig. 1B)
and the 0.9 XhoI–XhoI fragment have shown a

Fig. 2. Mapping of fragments binding nuclear matrix in vitro. A: Nuclear matrix binding of the control MAR from Drosophila histon
gene cluster. The end-labeled fragments from the region under study were incubated with nuclear matrix; fractions of bound and
unbound DNA were subsequently isolated. P (pellet)-DNA recovered from nuclear matrix fraction, i.e., MAR DNA. S-DNA recovered
from supernatant, unbound DNA. B: Nuclear matrix binding of DNA from 85–14.8 clone digested with EcoRI. C: Nuclear matrix
binding of DNA from 86–7.0 clone digested with EcoRI, SalGI, and XhoI. D: Nuclear matrix binding of DNA from 61–3.8 HB clone
digested with EcoRI, BamHI, and HindIII. The molecular weights of the end-labeled fragments (in kilobases) are indicated at the left side
of each panel.
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certain affinity to the nuclear matrix (Fig. 2C),
although most of these fragments were recov-
ered in the supernatant, indicating that they
contain weaker MARs as compared with the
MARs found in DNA of clone 85–14.8. Simi-
larly, the 0.9-kb BamHI–EcoRI and 0.5-kb
EcoRI–EcoRI fragments, both from the 61C7/C8
interband region, as shown in Figure 1C, were
found partially in association with the nuclear
matrix (Fig. 2D).

It is important that prokaryotic vector (nega-
tive control) was never found in association
with the nuclear matrix. By contrast, the bone
fide MAR from the Drosophila histon gene clus-
ter was preferentially detained by the matrix
(Fig. 2A). It is of interest that one of the frag-
ments of the 86–7.0 clone (the 2.5-kb XhoI–
EcoRI fragment) apparently disappeared after
incubation with the nuclear matrix, as it was
not recovered from either the supernatant or
the nuclear matrix. We have mentioned, how-
ever, the presence of a band with very low
electrophoretic mobility in the slot containing
matrix-bound fragments (Fig. 3). This may indi-
cate that the above fragment has formed a very
stable complex with the nuclear matrix pro-
teins. Indeed, it has been described previously
that some nuclear matrix proteins can form
covalent complexes with MAR DNA upon incu-
bation of this DNA with isolated nuclear matri-
ces [Zenk et al., 1990]. The peculiarity of our
case is that the complex seems to be resistant
not only to sodium dodecyl sulfate (SDS) and
phenol treatment, but also to treatment with
proteinase K. Yet, the proteinase K-resistant
nuclear matrix proteins have also been de-
scribed previously [Neuter and Warner, 1985].
Formation of the complex between the 2.5-kb
XhoI–EcoRI fragment of the 86–7.0 clone DNA
and an unknown nuclear matrix protein can be
prevented by the addition of an excessive
amount of competitor prokaryotic DNA in the
course of incubation of cloned DNA with the
nuclear matrix. In this case, the 2.5-kb XhoI–
EcoRI fragment was recovered in supernatant
fraction (Fig. 3).

CONCLUSIONS

We may say that the present work represents
a first attempt to relate the morphologically
distinct organization of Drosophila melanogas-
ter chromosomes with the genomic DNA parti-
tioning into loops. The finding of MARs in all
the interband regions studied strongly sug-

gests that interbands may correspond to the
DNA loop anchorage sites that were revealed in
eukaryotic cell nuclei using biochemical ap-
proaches [reviewed by Roberge and Gasser,
1992; Jackson et al., 1992; Razin et al., 1995;
Razin, 1996]. At the same time, we are far from
the intention of proposing that all MARs are
located in the interband regions. On the con-
trary, Mirkovich et al. [1986] have found that
SARs/MARs are located in bands. As has been
shown previously [Iarovaia et al., 1996], only a
fraction of MARs participate in the anchorage
of DNA loops on the nuclear matrix. Our cur-
rent model is that exactly these MARs colocal-
ize with interbands. The suggestion is being
presently tested experimentally.
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