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Chromatin from transcribed genes contains HMIG17 only
downstream from the starting point of transcription
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Monoclonal antibodies specific for the non-histone chromo-
somal protein HMG17 were used to isolate oligonucleosomes
from the transcriptionally active chromatin of chicken liver
and oviduct. The distribution of HMG17 with respect to the
coding region of three genes was analyzed in these oligo-
nucleosomes by employing two independent experimental
approaches. In the vitellogenin II gene (active in liver) and
the lysozyme and ovalbumin genes (active in oviduct) HMG17
was found only downstream from the respective starting
points of transcription. The transition from HMG17-free to
HMG17-containing chromatin is located at the transcription
start. This directly demonstrates that the distribution of an
abundant nuclear protein correlates with the observation of
moderate DNase I-sensitivity in upstream regions and of high
sensitivity in the coding regions of active genes.
Key words: chromatin/oligonucleosome/vitellogenin gene/lyso-
syme gene/ovalbumin gene/transcription

Introduction
In recent years it has been repeatedly reported that the preferen-
tial sensitivity of active chromatin domains to DNase I cleavage
coincides with the presence of the non-histone proteins HMG17
and HMG14 (Weisbrod et al., 1980; McGhee and Felsenfeld,
1980; Cartwright et al., 1982; Igo-Kemenes et al., 1982). The
most convincing evidence supporting the significance of this cor-

relation came from experiments which demonstrated loss and
regain of the sensitivity concomitantly with the removal and
restoration of HMG17/14 (Weisbrod et al., 1980). Higher resol-
ution studies revealed that DNase I-sensitivity can be further dif-
ferentiated into a region of high sensitivity belonging to the
expressed coding sequences and adjacent moderately sensitive
regions extending several thousand basepairs upstream and be-
yond the 3' end of the respective genes. It was concluded from
indirect evidence that HMG17/14 may be responsible only for
the high DNAse I-sensitivity and that the moderate sensitivity
rather depends on higher order chromatin structure (Stalder et

al., 1980; Kuo et al., 1980; Weintraub et al., 1981). However,
the subject is a matter of controversy (see e.g. Nicolas et al.,
1983; Seale et al., 1983; Stein and Townsend, 1983; Swerdlow
and Varshavsky, 1983), in part due to experimental discrepancies
but also caused by an extrapolation of data obtained from well-

defined components, like chicken erythrocyte mononucleosomes,
to more complex systems. Nevertheless, studying nucleosomal

organization within domains of transcribed chromatin requires
understanding of these phenomena. In approaching this goal we
produced HMG17-specific monoclonal antibodies in order to

isolate HMG17-containing mono- and oligonucleosomes and
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analyzed the DNA with respect to three active genes (Dorbic and
Wittig, 1986). In employing this well-defined and highly specific
tool we were able to locate HMG17 in the neighbourhood of the
transcription starting point of three chicken genes from the re-
spective tissue expressing them.

Results
For our analyses the genes for vitellogenin II (active in liver,
inactive in oviduct of laying hens), lysozyme and ovalbumin (both
active in oviduct, inactive in liver of laying hens) were chosen
(Grez et al., 1981; Bellard et al., 1982; Anderson et al., 1983;
Geiser et al., 1983). From the chromatin containing these three
genes nucleosomal material was subjected to indirect immuno-
precipitation with HMG 17-specific antibodies and solid-phase
bound protein A (Immuno-Precipitin). Parameters which are im-
portant for these kinds of experiments, such as the size distri-
bution of the immunoprecipitated oligonucleosomes, their
quantitative recovery, and the enrichment of transcribed se-
quences in each size class, have been exactly defined previous-
ly. The procedure yields three fractions SUP, HMG-N and PEL
(Dorbic and Wittig, 1986). The supematant fraction SUP, in prin-
ciple, includes all the mono- and oligonucleosomes not contain-
ing HMG17. But due to non-saturating antibody concentration
(in order to avoid unspecific binding) SUP also contains some
HMG-N material. HMG-N is the material that can be eluted
by 0.4 M salt from the tetrameric complex of nucleosome:
HMG17:antibody:Immuno-Precipitin. The salt incubation dis-
rupts the bonds between nucleosome and HMG17 and yields
nucleosomal particles which, up to at least nucleosome repeat
number N6 or N7, originate entirely from active chromatin. PEL
is the fraction remaining after release of HMG-N. Its main con-
stituents are subnucleosomal particles (Varshavsky et al., 1978)
enriched for transcribed nucleotide sequences but also chromatin
rendered insoluble during incubation.
From SUP, HMG-N and PEL the DNA was extracted, sep-

arated by agarose gel electrophoresis, and hybridized with the
short RNA probes vitD, lysD and ovaD. These probes are com-
plementary to sequences downstream from the transcription start-
ing point of the vitellogenin II, lysozyme and ovalbumin genes,
respectively. The results are shown in Figure 1.
The bands in the three tracks labelled 'Inactive Chromatin'

represent hybridization to DNA of mono- and oligonucleosomes
from an oviduct and a liver SUP fraction. The oviduct DNA was
probed for vitellogenin II and the liver DNA for lysozyme and
ovalbumin, i.e. where the respective genes are not transcribed.
The ladders of these bands reflect the known size distribution
of DNA fragments from MNase-digested chromatin having a

repeat length of 196 bp. As shown by other authors for ovalbumin
(Bellard et al., 1982) and heat shock protein hsp70 (Wu et al.,
1979), we also observe here that in their non-transcribable state

the three genes exist within a regularly spaced nucleosomal array.
Being present in SUP fractions proves that these genes in this
state do not contain HMG 17, and consequently we were not able
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Fig. 2. (A) Hybridization of RNA probes complementary to different upstream locations (ovaU) with nucleosomal DNA from (laying hen) oviduct chromatin
(active for ovalbumin expression). Probe ovaUI: position - - 1320 to - -1000; probe ovaUll: position - -1320 to - -780; probe ovaUHlI: position -300
to -215; SUP, supernatant after indirect immunoprecipitation of chromatin with HMG17-specific monoclonal antibodies; HMG-N, oligonucleosomes (that
previously contained HMG17) dissociated from the immunoprecipitate by 0.4 M NaCl; N, nucleosomal DNA from oviduct chromatin stained with ethidium
bromide; NI, N2, N3, etc. refer to nucleosomal repeat units, NC to core particles, <C to subnucleosomal particles. MNase digestion: 2 x 108 nuclei/ml;
5.5 U MNase/108 nuclei. 37°C, 10 min. (B)Graphic representation and interpretation of hybridization band pattern in (A). Hybridization probes ovaUI, ovaUll

and ovaUlIl are shown in their correct positions in the ovalbumin gene (+ 1 refers to the transcription start) and the hybridization bands of (A) are positioned
according to their respective DNA fragment length. If only one probe had been used one could not decide on the direction (up- or downstream) of the
hybridization signals (indicated by '?' in the experiment with ovaUl). However, the appearance of hybridization bands in response to the different probes
reveals the direction of the signals. Hybridization with ovaUIl as example: since band 5 corresponds to 900 bp its DNA was derived from a

pentanucleosome (the DNA repeat length of a mononucleosome being 195 bp) of which the most upstream nucleosome carried the HMG17.

near the transcription start. That the boundary is extremely close
to the startpoint follows from the experiments with probe
ovaULI (extending from -300 to -215), since the band pattern
resembles (with the exception of the monosome bands at the lower
end of the track) the one obtained with the downstream probe
ovaD (+ 155 to +250) shown for the HMG-N fraction in
Figure 1.
Our interpretation of the three sets of hybridization data is

outlined in Figure 2B. The DNA fragments seen as hybridization
bands originate from MNase-produced, irregularly spaced oligo-
nucleosomes (see Discussion) of which at least one nucleosome
must contain HMG17 since these oligonucleosomes are found
in the HMG-N fraction. Allowing an error in fragment length
determination of -20% and a minimum hybrid size of 30-
50 bp, the shortest DNA fragment in HMG-N capable of hybrid-
ization to ovaUl originated from a hexanucleosome (N6, average
DNA length 1176 bp). With ovaUHl and ovaUllI the shortest
hybridizable fragments are from pentanucleosomes (N5) and
dinucleosomes (N2), respectively (average DNA lengths 980 bp
and 392 bp). In each case the shortest hybridizing fragment comes
from an oligonucleosome in which just the terminal nucleosome
contains the HMG17 responsible for the fragment appearing in

the HMG-N fraction.
These results imply that in the ovalbumin gene there is a region

which divides a part containing HMG17 from another not con-

taining HMG17. To discriminate precisely the transition point
between these two regions of the chromatin structure of the tran-

scribed genes for vitellogenin II, lysozyme and ovalbumin, we

devised the experimental procedure which is outlined in Figure
3. We immunoprecipitated HMG17-containing chromatin and
removed the SUP fraction. In addition to insoluble chromatin
the pellet consists of HMG17-containing chromatin bound by the
specific monoclonal antibodies, which in turn are bound to the
solid phase ('Immuno-Precipitin') via protein A. The pellet was
suspended and digested with a restriction endonuclease having
a cutting site (RI -R7 in Figure 3) in the neighbourhood of the
respective transcription start. Following digestion the suspension
was pelleted and the supernatant containing the chromatin released
by restriction was recovered. HMG17-containing chromatin
which was not released into the supernatant was eluted by salt
dissociation to give a fraction corresponding to HMG-N minus
the released fraction. DNA from both the endonuclease-released
and non-released fractions was hybridized with a probe for se-

quences upstream from the transcription start; as a control the
non-released fraction was also hybridized with a downstream
probe. We looked in this experiment (for each restriction enzyme
used) at the total population of MNase-produced oligonucleosomal
particles which have the property of being bound by the HMG17-
specific antibodies. If the transition point is contained within this
population of particles (in all of them or in some) restriction endo-
nucleases acting in the vicinity of the transcription start should,
or should not, set free HMG17-less particles, depending on the

site of restriction relative to the start of nucleosomes containing
HMG17.
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I Depending on the restriction site DNA hybridizing to the "upstream probe" is

|Ieither found in chromatin released by the restriction cut

" Al NAB NAN HA^

Immuno-Precipitin lImmuno-Precipitin~

or in the non-released chromatin fraction |

I DNA hybridizing with the 'downstream probe" is exclusively found in the non-released chromatin fraction

Fig. 3. Rationale for the determination of the transition from HMG17-free to HMG17-containing nucleosomes. Pictographs labelled with 'MAB', 'A' and
'Immuno-Precipitin' represent the HMG17-specific monoclonal antibodies bound to the solid phase by protein A; ellipses represent nucleosomes, HMG in
ellipses denotes HMG17-containing nucleosomes; RI, R2, R3 and R4 symbolize restriction sites upstream from the transcription start; R5, R6 and R7 those
downstream. If the depicted heptanucleosome is restricted at RI, R2, R3 or R4 the respective fragments to the left of the restriction site are released into the
supernatant whereas those to the right remain bound to the solid phase. Restriction at R5, R6 or R7 does not liberate fragments from the solid phase. If,following restriction, the DNA is extracted from chromatin and hybridized with the upstream probe, hybridization signals will be detected either in DNA from
the released fraction (restriction at RI, R2, R3 or R4) or in DNA from the bound material (restriction at R5, R6 or R7).

The results are shown in Figure 4. After digestion with the
restriction endonuclease and hybridization with a probe down-
stream from the transcription start (filled squares in Figure 4)
most of the radioactivity (--70%) appears within material not
liberated by restriction cuts, be they downstream or upstream.
As we have shown earlier (Dorbic and Wittig, 1986), on average
only every third nucleosomal unit may contain HMG17. There-
fore, from higher repeat-number oligonucleosomes, some nucleo-
somal nucleotide sequences could be liberated by restriction cuts
at any site, explaining the -30% loss. In contrast, when hybridiz-
ing with a probe from upstream of the transcription start, the
bulk of the radioactivity is retained on the precipitate if restriction
cuts are set downstream from the start (filled circles in Figure
4). With cuts upstream from the start, most of the radioactivity
is liberated from the precipitate (open circles in Figure 4). In
the case of vitellogenin II (Figure 4A) cuts upstream from the
position of the hybridization probe release only -50% of the
chromatin. This represents incomplete restriction, probably due
to a protecting nucleoprotein complex. This observation does not
contradict the general observation, derived from our results, that
no HMG17-containing nucleosomes exist upstream from the star-
ting point of transcription, even at a considerable distance (see
also Figure 2). The transition from the HMG17-free to the
HMG 17-containing region is located at the starting point of tran-
scription.

Discussion
We have demonstrated that the transcriptionally active chroma-
tin of the chicken liver vitellogenin II gene and of the oviduct
lysozyme and ovalbumin genes contain the non-histone protein

HMG17 only downstream from the transcription start. The tran-
sition between HMG17-containing and HMG17-free chromatin
coincides roughly with the transcription start of the respective
gene. The most convincing evidence was obtained for the ovalbu-
min gene chromatin, where two independent experimental ap-
proaches yield the same interpretation (see Figures 2 and 4). We
are convinced, however, that the interpretation is also valid for
the vitellogenin II and the lysozyme gene, on the basis of the
respective chromatin restriction data alone (Figure 4), since size
distribution, quantitative recovery, and the enrichment in each
nucleosomal size class are known (Dorbic and Wittig, 1986).
The irregular spacing of MNase produced DNA fragments and

their different size distribution compared with those of inactive
chromatin confirm similar results by other authors (Bellard et
al., 1982; Wu et al., 1979; Karpov et al., 1984). The signal-to-
noise ratio (as seen in Figure 2) is probably improved due to
the hybridization method employed, taken from 'genomic sequen-
cing' (Church and Gilbert, 1984). Furthermore, the observed
'irregularities' in HMG-N raise the question as to the nature of
the nucleosomal material. It could be argued that the displace-
ment and possibly even the changed size distribution of the bands
reflect protection against MNase digestion from nucleoprotein
complexes different from canonical folded nucleosomes. How-
ever, HMG17 has been observed as a constituent of normal nu-
cleosomes (McGhee and Felsenfeld, 1980; Weisbrod and
Weintraub, 1981; Cartwright et al., 1982. Yau et al., 1983; Shick
et al., 1985). In the context of the observed transition between
HMG17-containing and HMG17-free chromatin it is worth men-
tioning that a > 1 kb long region of protein-free DNA upstream
of the transcription start would give similar results. Our data
clearly show that this is not the case; the DNA upstream from
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Fig. 4. Determination of the transition from HMG17-free to
HMG17-containing nucleosomes. A, vitellogenin II gene (liver),
B, lysozyme gene (oviduct), C, ovalbumin gene (oviduct).
HMG17-containing oligonucleosomes were isolated with HMG17-specific
monoclonal antibodies by indirect immunoprecipitation (solid phase bound
protein A), digested in suspension with the indicated restriction
endonucleases, and the phases separated by centrifugation. 0: released
fraction, deproteinized and hybridized with the appropriate upstream probe;
0: non-released fraction, extracted with 0.4 M NaCl, centrifuged, the
supernatant deproteinized and hybridized with the respective upstream probe;
*: non-released fraction, treated as above, but hybridized with the
respective downstream probe; probe positions. The radioactivity from
HMG17 without restriction is set to 1 (A: upstream probe position -311 to

-264, 610 c.p.m.; downstream probe position +58 to + 138, 830 c.p.m.
B: upstream probe position -460 to -400, 660 c.p.m.; downstream probe
position + 190 to +300, 950 c.p.m. C: upstream probe position -296 to

-215, 797 c.p.m.; downstream probe position + 155 to +250, 1140
c.p.m.). In B, the cutting sites of HaeHlI, PstI and BstNI upstream from the
transcription start beyond -300 are not accessible for the respective
restriction endonucleases in chromatin (proven by Southern blot
hybridization, not shown). Values for multiple cutting endonucleases in the
downstream region (AluI and BstNI in B) were drawn at their midpoint
position.

the transcription start is also packed into nucleoprotein complexes
(see the SUP fraction in Figure 2A). A short nucleoprotein-free
gap in this region (McGhee et al., 1981), indicated by the com-
plete accessibility of DNA sequences from -150 to +50 for
restriction endonucleases (see Figure 4), cannot account for the
observed transition. The average size class of the immunopre-
cipitated oligonucleosomes is > N3; thus, a restriction cut in the
gap region could not release upstream oligonucleosomes into the
supernatant if they contained HMG17.

In the early papers by Weintraub's group (Stalder et al., 1980;
Weintraub et al., 1981) and by others (Kuo et al., 1980) it was
already realized that the characteristic sensitivity of transcrip-
tionally active chromatin to DNase I digestions is divided into
the highly sensitive coding regions and moderately sensitive struc-
tures extending far upstream and downstream of the coding
region. These authors also suggested that the nuclear proteins
HMG14 and HMG17 may not be responsible for the moderate
sensitivity but rather for the high sensitivity found in a number
of coding regions. These claims have long been controversial
in the literature. Our demonstration of a transition from upstream
region chromatin not containing HMG17 to HMG17-containing
chromatin at the starting point of transcription is fully consistent
with their interpretation. Moreover, it provides the first direct
correlation between the observed phenomenon of different DNase
I sensitivity levels and the distribution of a material chromatin
component.

Materials and methods
Isolation of nuclei
Nuclei from chicken liver and oviduct were isolated by a procedure adapted from
our standard protocol for chicken embryo nuclei (Wittig and Wittig, 1977). The
respective tissue was rinsed in an ice-cold solution of 0.9% (w/v) NaCl, 2.5 mM
EDTA, 0.5 mM EGTA, and disrupted (Waring blender, low speed, 5 s) in an

equal volume of 2.5 M sucrose, 2.5 mM EDTA, 0.5 mM EGTA, 0.15 mM sper-
mine, 0.5 mM spermidine, 15 mM phenylmethylsulfonyl fluoride (PMSF) and
15 mM Tris-HCI, pH 7.9. The resulting slurry was homogenized by two strokes
at 1000 r.p.m. in a Potter homogenizer with a loosely-fitting Teflon pestle and
then poured through two layers of gauze. The sucrose concentration was adjusted
to 52% (w/v) for oviduct nuclei and to 58% (w/v) for liver nuclei, and the
homogenate centrifuged at 45 000 x g for 90 min (Beckman Instruments, zonal
rotor B XIV). Following centrifugation the rotor core was carefully removed and
the pelleted material scraped off the rotor wall with a glass spatula. The crude
nuclear pellet was resuspended in 0.25 M sucrose, 60 mM KCI, 15 mM NaCl,
0.15 mM spermine, 0.5 mM spermidine, 0.25 mM EDTA, 20mM Tris-HCI,
pH 7.9, centrifuged at 5000 x g for 5 min, and the whitish upper layer of the
pellet was recovered, resuspended in the 0.25 M sucrose buffer, and centrifuged
again. With oviduct nuclei two additional washes were performed. Nuclei were

suspended in the 0.25 M sucrose buffer at a concentration of about I09 nuclei/ml,
quick-frozen and stored at -70°C.
Preparation of soluble chromatin

Digestion of nuclei with Staphylococcus nuclease (MNase) was performed essen-

tially as in all our studies on chicken chromatin (e.g. Wittig and Wittig, 1982;
Dorbic and Wittig, 1986). Nuclei were thawed and diluted with 0.25 mM EDTA,
20 mM Tris-HCI, pH 7.9, to a concentration of 2 x 108 nuclei/ml. After pre-
incubation at 37°C in a shaking water bath for 5 min, CaC12 and Staphylococcus
nuclease (Sigma, Munchen, grade IV) were added to a final concentration of
1 mM and 5.5 U/108 nuclei, respectively. After 10 min at 37°C the digest was
transferred into a 3-fold volume of ice-cold 0.5 mM EDTA, 20 mM Tris-HCI,
pH 7.4 and the nuclei lysed by three strokes of a tightly fitting Dounce homogen-
izer. The suspension was cleared from nuclear debris by centrifugation at 2000 X

g for 10 min and then the salt concentration adjusted to 0.15 M with NaCl. Ali-

quots of 30 mi were layered on a double-layer of sucrose [5 ml of 10% and 5 ml
of 50% (w/v)] in 130 mM NaCl, 20 mM KCI, 1 mM EDTA, 5 mM Tris- HCI,
pH 7.4 and centrifuged at 85 000 x g, 20C for 18 h in a SW28 rotor (Beckman
Instruments). The bottom 9 ml were recovered and dialyzed twice against 2 1
of IP-buffer (50 mM NaCI, 5 mMTEDTA, 5 mM Tris-HC1, pH 7.4). Insoluble
material was pelleted (10 000 x g, 40C, 10 min) and the nucleosome preparation
quick-frozen and stored in aliquots at -70°C.
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These experimental conditions yield mono- and oligonucleosomes which con-
tain only small amounts or almost no histone HI (depending on the oligonucleo-
some size class) since most of the H 1-containing material precipitates at 0.15 M
salt (analyzed quantitatively, but only at 0.1 M KCI, in Wittig and Wittig, 1977).
The absence of HI is essential for the subsequent enrichment of oligonucleosomes
from active chromatin by immunoprecipitation since HI binds unspecifically to
protein A.
The digestion with MNase, as described above, yields 1 -2% of total chromatin

as mononucleosomes including core particles. At this extent of digestion mono-
nucleosomes from inactive chromatin are not yet liberated. All quantitative data
on the distribution of nucleosome repeat numbers and specific enrichment of
transcribed sequences in solubilized chromatin (covered in detail in Dorbic and
Wittig, 1986) were obtained under these conditions. If Southern blot hybridiz-
ation of nucleosomal DNA from inactive chromatin was needed as a qualitative
reference, digestion with MNase was for 25 min (liver) or 40 min (oviduct).
Immunoprecipitation of chromatin (fractions SUP, HMG-N and PEL), extraction
of DNA and gel electrophoresis
Ten assays, each containing 0.4-0.5 A26OU of chromatin and 10 A1d of HMG17-
specific monoclonal antibody preparation (either clones 3-C-2, 4-C-5, 9-B-2, 9-C-2
or a mixture of the four) were incubated in [P-buffer (50 mM NaCl, 5 mM EDTA,
5 mM Tris-HCI, pH 7.4) containing 0.25% (w/v) bovine serum albumin
(IP/BSA-buffer); incubation was for 3 h at room temperature in a volume of
0.1 ml. Following incubation the 0.1 ml were added to a pellet of formalin-fixed
Staphylococcus A cells (Immuno-Precipitin, BRL-Gibco, 0.1 ml of the 10% (w/v)
suspension of Immuno-Precipitin were pelleted for 1 min at 15 000 x g,
Microfuge), the pellet suspended by pipetting, and the incubation continued for
I h at 4°C (briefly vortexing every 10 min). The Immuno-Precipitin was then
pelleted (1 min at 15 000 x g, Microfuge) and the supernatant recovered. The
pellet was resuspended in 0.2 ml IP/BSA-buffer, centrifuged, the supernatant
recovered and combined with the first supernatant (fraction SUP). The pellet was
resuspended in 0.2 ml of IP/BSA-buffer containing 0.2 M NaCl (instead of
0.05 M), centrifuged and the supernatant discarded. The pellet was resuspended
in IP/BSA-buffer containing 0.4 M NaCl, incubated for 20 min at room tempera-
ture, centrifuged and the supernatant recovered. The pellet was resuspended in
0.2 ml of the same buffer, centrifuged, the supernatant recovered and combined
with the previous supernatant (fraction HMG-N). The remaining pellet fraction
will be referred to as PEL. The HMG-N and SUP fraction were deproteinized
by proteinase K digestion [0.2 mg/ml, 0.17% (w/v) SDS] and twice by phenol
extraction. The PEL fraction was suspended in 1.7% (w/v) SDS, 0.3 M NaCl,
40 mM Tris-HCI, pH 7.5, and then deproteinized as both other fractions (but
with 2 mg/mil proteinase K). Nucleic acids from HMG-N, SUP and PEL were
precipitated with ethanol, dissolved in 50 A1, and aliquots loaded on a 1.5% (w/v)
horizontal agarose gel (300 mm x 250 mm x 5 mm, 'submarine' in the
Tris/acetate buffer system). HaeIll digested 4X174 RF DNA and the 'ladder'
of nucleosomal DNA of the starting chromatin material served as length stan-
dards. Gels were stained with ethidium bromide (1 Ag/ml).
Restriction of solid phase-bound oligonucleosomes
Assays were processed as above up to the point where the SUP fraction was
recovered. The remaining pellet contains (besides PEL and insoluble chromatin)
nucleosome oligomers bound to HMG17-specific monoclonal antibodies which
in turn are bound to Immuno-Precipitin by its covalently-fixed protein A.
The pellet was suspended in the buffer recommended by the supplier of the

respective restriction endonuclease, but staying within the limits of 220 mM
to < 100 mM NaCl, pH 2 7.2 to c 8.0. MgCl2 was kept at 5 mM. The buffers
employed do not dissociate HMG17 from its nucleosomes. One hundred U of
restriction enzyme were used for 0.4 A26OU of fraction HMG-N (HMG-N is the
fraction that can be eluted with 0.4 M NaCl from the solid phase, i.e. by salt
dissociation of nucleosomes from the HMG17:antibody:protein A complex). Incu-
bation of the suspended pellet (briefly vortexing every 10 min) was at 37°C for
1 h in a volume of 0.1 ml. The suspension was pelleted (1 min at 15 000 x g,
Microfuge) and the supernatant recovered; the pellet was suspended in 0.2 ml
of the respective incubation buffer, centrifuged, and the supernatant recovered
and combined with the first supernatant; the combined supernatants are referred
to as the 'released' fraction. The pellet was resuspended in IP/BSA-buffer con-
taining 0.4 M NaCl, incubated for 20 min at room temperature, centrifuged and
the supernatant recovered. The pellet was resuspended in 0.2 ml of the same
buffer, centrifuged, the supernatant recovered and combined with the previous
supernatant; these combined supernatants are referred to as the 'non-released'
fraction. Both the 'released' and 'non-released' fractions were deproteinized as
described for HMG-N above.

Hybridization experiments and quantification
DNA was transferred from agarose gels to GeneScreenPlus membranes (New
England Nuclear) by a modification of Southern transfer recommended by the

supplier and processed for hybridization as described for dot-blots.
Five microgram aliquots of DNA from the HMG-N, 'released' or 'non-released'

fraction were precipitated with ethanol and processed as for dot-blotting on Gene-
ScreenPlus membranes (Maniatis et al., 1982); quantitative scintillation count-
ing of hybridized samples was used instead of scanning X-ray photographs. The
membranes were covered with 'Frischhaltefolie' Frappan (an equivalent to Saran
Wrap or clingfilm) and irradiated with u.v. light for 3 min using a disassembled
transilluminator at a distance of 100 mm. Hybridization (65°C, overnight) and
washings were performed in the buffer systems used for 'genomic sequencing'
(Church and Gilbert, 1984). The hybridization buffer was 1 % BSA (crystalline
grade, Sigma Chemie), 7% (w/v) SDS (recrystallized from ethanol), 1 mM
EDTA, 0.5 M 'NaHPO4', pH 7.2, 32P-labelled RNA probes with >5 x 108
c.p.m.//Ag at 5 x 10' c.p.m./ml were employed. Membranes were washed three
times for 5 min each at 65°C in WB1 [0.5% (w/v) BSA fraction V grade, 5%
(w/v) SDS, 1 mM EDTA, 40 mM 'NaHPO4', pH 7.2], three times under the
same conditions in WB2 [1% (w/v) SDS, 1 mM EDTA, 40 mM 'NaHPO4',
pH 7.2], twice under the same conditions in WB3 (100 mM 'NaHPO4', pH 7.2),
and finally in WB3 at 65°C for 20 min.
RNA probes were synthesized using pSP64/65 recombinants and SP6 RNA

polymerase (New England Nuclear and Promega Biotec), employing [cs-32P]UTP
(3000 Ci/mmol, 10 mCi/ml, New England Nuclear; no unlabelled UTP added)
(Melton et al., 1984).
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