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: arrangsment  of histones along DNA in nucleosomal core
particles within transcribed heat shock gens (hep 70) region
and repressed  insertion  within ribosomal genes of Drosophila
was analysed by using protein-DNA crosslinking meathods  com--
bined with hybridization tests. In addition, two-dimensional
gal alectrophoresis was emploved to compare the overall nucle-
osomal  shape and the nucleosomal DNA sive. The arrangement of
histones along DNA and general comp nags 0f Nuol eacsones were
shown Lo be  rathsr similar in transcriptionally active and
inactive ganomic regions. On the obther hand, nuclaosones with-
in  transcripbionally tive chromatin are characterized by a
Yargar  size of nucleosomal DNA produced by microcococal nucle-—

nestion and  some  pe2ouliarity in electrophoretic mobi-

B2

It was established that the bulk of the sukaryotic genomne
ig organized in nuoleosomes (1,2,3). At the second level of
shromatin  organization, the nucleosomal chain i1s folded into
I0-nm fibers (4), Nucleosomal core particle consists of about

145 bawse D

k) (hpy  of DNA and a histone octamer containing
two molascules each of histones H206, HZB, HI and H4.

The data on the franscribed chrometin structure ars very
controversial (reviewed in S5,6). It is generally accepted that
increasing transoriptional actiwvity causss progressive uanfold-
ing of chromatin structure (7). Thus, the removal of histone
H1  and  then these core histones from  moderately to actively
transcribed ribosomal (8) and heat-shock Drosophila genes (9),
whiizh  histones oan be  displeced by RNA polymerase (10, but
see Retf. itz o] seems to induce unfolding of the 20 nm fiber to

the 10 nm fiber and thern to linearized DNA. At the same time,
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MATERTALS AND METHODS

nLcl e

Isolation of nuolei and fractiona

troated nucleld

L1808 hre-old  embryos of Drosophila melanogaster; Dregon Ry

weare oollected acocording Lo the method (29). Embirvos  were

aquickly frozen in liguid nitrogen and dechorionated by the pro-—
cedure (30) immediately before nucleil isolation or were decho-
rionated before freezing which partly activated the transcrip-

Fion of hep 70 genes (36). leolation of nucleil was performed
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as  described in (1), in the presence of 0.5 oM diisopropyl
flunraphosnhate. Fractionation was conducted as described in
(Z8) .

ITsnlation of nucleosomal cores from crosslinked Drosophila

DNA-hi stone crosslinking was conducted within nuclel as de-—
seribed in (2). Crosslinked nuclei were then lysed in 0.5 mM
1-DCTA (trans—-1, Z-diaminocyclohexane-N,N,N’',N'~tetraacetic
acid monohydrate). The chromatin was washed twice with 0.15 M
Naflll and lysed in water at a concentration of 40 Azee units/ml.
After such  a preparation of chromatin, the yield was guanti-
tative. Ml protein was removed from crosslinked chromatin on
Dowex  AGB-50xY in a buffer containing 0.5 M Nall, as desoribed
in (27). Chromatin (10 Azee units) without Hl was then incuba-
ted with micrococcal nuoclease (1-1.5 mkg/10 Azao units) at  a
concentration of 20 Azae units/m)l in a buffer supplemented
with G.4 mM CaCle Ffor different periods of time at Z7<C.
Digestion was terminated by adding EDTA to 2 mM and hydro-
lvsate was then fractionated by centrifugation Ffor 5§ min at
4000 g. The DNA from the pellet and the supernatant was
extracted and subiected +to polyacrylamid gel electrophoresis
urier DNA denatwing conditions.

The hydrolisate was then concentrated by ultrafilteration
through M Z0 membrans ("Amicon”) and 1 ml of hydrolisate was
layerad nnto linear sucrose density gradient (10-30%r) at  a
concentration of 50-920 Qzec wnits/ml in 10 mM Tris-Cl (pH 7.4),
0.2 o EDTA. Gradient was centrifuged for 24 hr at 15000 g and
mononuel ensome fraction was then isolated and dialyzed versus
10 miM Tris-Cl (pH 7.4), 0.5 mM EDTA.

Analysis of crosslinked DNA-histone compleses

Uncrosslinked DNA was removed from crosslinked cores by phe-
nolic extraction as desoribed in (8). Two-dimensional electro-
phoresis was performed as described earlier (27).

DNA electrophoresis under denaturing conditions wWas
performed as described in (23), DNF and DNF-DNA two-dimensional
elactrophoresis were conducted as described in (34).

DNA transtfer from the gel to a nylon membrane and sequential

hybridization were performed as described in  (Z5). The
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Figure 1. Fractionation of micrococcal nuclease-treated nuclei

Nuclei  +4rom dechorionated Drosophila melanogaster embryos
were incubated with micrococcal nuclease at 37°C over increas-—
ing periods of time (10,20 and 40 min, correspondingly, from
left to right for each set). DNA was then directly ext-
racted from the nuclei (lanes 1-3) or chromatin and fractiona-
ted by Garrard’s procedure (32) into 81 (4-6), S22 (7-9) and F
(10-12) fractions. DNA was then extracted and subjected to 7%
polyacrylamide gel electrophoresis under DMA denaturing condi-
tions. An ethidium bromide fluorescence pattern is shown in
A. The DNA was transferred to a nylon membrane and hybridized
with F2P-jabeled hsp 70 gene coding region probe (B). Then
the membrane was rehybridized with nontranscribed ribosomal
type II insertion probe (C). Numbers at the right denote the
length of marker DNA fragments (lane M).
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hybridization probes were characterized in (9). These were a
BamH1l-5al fragment (0.9 kb)) from the hsp 70 gene coding region
and EcoRI-EcoRI fragment (0.8 kb) from nontranscribed ribo-
somal  type I1 insertion of Drosophila which has been ocloned

into M 13 phage.

RESULTS

Hep 70 gene chromatin  structure as revealed by frachiona—

tion of digested nuclei

As a model of moderately transcribed gene we investigated a
partly activated hsp 70 gene (five copies in genome’ in decho-
rionated Drosophila embryos. There was a significant increass
in the rate of hsp 70 genes transcription during dechorionation
of embryos although a fully activated gene transcribed still
S-4 Limes more intensively (2,36).

More detailed information on the chromatin structure of hsp
70 gens was obtained by chromatin fractionation into fractions
81, €2 and P (gee Materials and Methods) afiter micrococcal
nuclease digestion of nuclei and gel elestrophoretic analysis
of the fractions (Fig. 1). Another aim of this study was to
compare  fractionation characteristics of hsp 70 gene chroma-
tin with those of other well-known moderately transcribed genes
(14,22,37). The Ffractionatiaon praocedure liberated about
2-4% of the total material in the Sl-fraction and 80-B5%4 in
the 82-fraction. The P-fraction contained 10-154 of the total
nuclear 260-nm-absorbing  material (Figure 1A). The nontean-
scribed ribosomal type I1 insertion sequences were represented
at the same level as the bulk of DNA in all fractions (Figure
10 .

The PFP-fraction was enriched in hsp 70 gene sequences (-6
fold over total) containing about &60-80% of the total hsp 70
sequences and the Sl-fraction was also enriched nearly 2--3
fold (Figure 1B). The snrichment was quantitatively measured
by dot hybridization (not shown). Micrococcal nuclease-genera-—
ted periodic electrophoretic pattern was greatly smeared in the
total hydrolyzate and the FP-fraction of hsp 70 genes (Figure

1B). Those features of hsp 70 gene chromatin structure closely
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Figure 2. Detailed time-course of Hl-depleted chromatin diges—
tion by micrococcal nuclease

Chromatin without HI from dechorionated Drosophila embryos
was incubated with micrococcal nuclease over increasing periods
of time (O, 2.9, 3, 10, 20,40 and 80 min, correspondingly, from
left to right). DNA was then extracted and subiected to 7%
polyacrylamide gel electrophoresis under DNA denaturing condi-
tions. An ethidiue bromide fluorescence pattern is shown in
A, The DNA was transferred to a nylon membrans and probed
with hasp 70 gens coding region (B). Numbers at the right deno-
te the length of DNA fragments.

Feanmb o those of previously investigated moderately
transcribed genes (14,22,37).

Interestingly, the rate of digestion of the hsp 70 gene by
micracoccal nuclease was very similar to that Ffor  inactive
chromatin although after a full transcriptional activation the
hap 70 gene was hydrolysed by micrococcal nuclease much  more
rapidly (328,39). So, the hsp 70 gene is very similar to other
moderately transcribed genes as regards the chromatin structure.

Some peculjiaritiss in  nucleosome  structure of the moderately

transcribed hsp 70 nene

Our early attempts to investigate a fine nucleosome structure

in  active chromatin were unsuccessful becauvse DNA  in  hsp
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Figure 3. Two-dimensional DNF-DNA electrophoretic analysis of
nucleosome core particles

Chromatin from dechorionated Drosophila embryos was mildly
depleted of histone H1l in the presence of 150 mM NaCl (43)
and digested with micrococcal nuclease for 40 min. The mixture
was then resolved on a I-st dimension DNF electrophoresis
gel. DI-dinucleosomes, MONO-mononucleosomes. After the removal
of proteins, DNA was resolved in the II-nd dimension un-—
der DNA denaturing conditions. An ethidium bromide fluorescence
pattern is shown in A. The DNA was then transferred to a
nylon membrane and hybridized with ®2P-]labeled probe for hsp 70
gene coding regiaon (B). Then the membrane was rehybridized
with overall ribosomal repeat probe (C) and nontranscribed
ribosomal insertion probe (D). "X" marks the spots of un-
known origin, which can be seen only with ribosomal probe.

70 gene nucleosomes was somewhat longer than in total nucleo-
somes. We investigated this fact with the aid of a more accou-

rate electrophoretic analysis of time-courses of micrococcal
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nucleasse digestion (Figure 2). Dbviously, DNA in "active" nuc-

lepsomes is  longer than in teotal ones over the whole time of

digestion. More specifically, nucleosomes of the hsp 70 gene

have egual quantities of 145 bp- and 155 bp-long DNA at the

standard digestion point where the DNA length of total nucle-

oeomes  was 145 bp (Figure 2, lane &). Similar data on micro-

coccal  nuolesse digestion have been also obtained for Hi-con-
taining chromatin (not shown).

DNF-DNA  two-dimensional electrophoresis (29) of Hli-depleted
chromatin hydrolizates was employed to compare the conformation

s "inactive" nucleosomes (Figure ). Hig-

ive'  versus

of
tone Hl  was  eremoved by a "mild" method (43) in the presence
nd 150 oM Nall before microceoccal nuclease digestion. Hyberidi-
ration of the membrane with a hsp 70 gene probe shows a speci-

Fio "hump? oat the mononucleosomal region in the two--dimensional
picturs  (Figure 3IB). Direct analysis of differences between
total  and  inactive nusleosomes was done by hybridizing the
gams membrane with T®F-labeled cloned DNA  of the overall
RIBOSOMAL REFEAT (FIGURE 30 and nontranscribed ribosomal
type T insertion  (Figure ZID). In the I-st dimensional gel,
nep 700 gene nucleosomes have the same mobility as total ones
which testifies to the same overall compactness. On the other
hand, hsp 70 gens nucleosomes  contain significantly longer
DNA in the "hump'-region although their mobility is presarved.
Sn  there must exist certain corformational modifications in
Tactiva'" nucleosomes.

Tha most striking observation was that mononucleosomal reglions
in "active" and "inactive" nucleosomes in  the gel are not
overlapping significantly. 0One can conclude therefore that
there are no "inactive" nucleosomes in the hsp 70 gene chroma-
tin. These peculiarities of "active" nucleosomes were preserved
after standard ©.5 M NaCl-removal of histone Hl and after
nuesleosome crosslinking in nuclei (not shown).

Experimental approach for investigating the primary organi-

zation of nuclensomes within different chromatin regions

To study the nucleosome shructure as it exists in nuclei,
the method of 1locating the protein contacts on DNA (27) was

comhined with the ‘“protein image" hybridization technigue
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(). This method consists in crosslinking the protein to DNA
partially depurinated under mild conditions (40). The cross-
linking causes DNA to split in such a manner that only the
S-terminal DNA fragment becomes attached to protein molecu-
les. Thus, the length of a crosslinked DNA fragment shows pre-—
cisely the distance of the protein crosslinking site from the
DNA 5° end. This length can be assessed by two-dimensional
diagonal gel =lectrophoresis. The method was used to study the
primary organization of different nucleosomes (27,41,48) and
the ocrosslinking data have been recently supported by
crystallographis data (3,42).

DNA  transfer from a two-dimensional gel to a nylon membrans
and sequential hybridization with varionus cloned S2F-]labeled
DNA  probes enables one to determine the length of nucle-
osomal  DNA  fragments crosslinked to each histone fraction
from different chromatin regions. Thus, ow method of investi-
gation of nucleosome structure in specific chromatin regions
consists of fouwr following steps:

1. Crosslinking histones to DNA in nuclei.

2. Remaoving histone Hl from crosslinked chromatin and isolation
of nuclegosomes. The removal of histone Hl significantly in-

creases the vield and length homogeneity of nucleosomal DNA.

I. Conducting two-dimensional electrophoresis of crosslinked

complexes which makes it possible to determine the length of

crosslinked DNA on the diagonals of different histones.

4, Blotting nf DNA fragments from the gel to a nylon membrane

and sequential hybridization with cloned probes from different

chromatin regions.

Let us consider some possible artefacts of this approach,
There is no redistribution and proteonlysis of proteins during
DNA-protein crosslinking in nuclei (?). Nucleosomss crosslinked
in nuclei were very similar to wuncreosslinked ones as re-—
gards  their DNF electrophoretic mobility and DNA length (data
not shown). There are no additional breaks in the crosslinked
core DNA. Therefore DNA-protein crosslinking in nuclei and
subsequent nucleosome isolation do not induce any rearrange-

ments in core nucleosome structure.,
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Figure 4, Fractionation of micrococcal nuclease-treated chro-
matin depleted of histone Hi -

Chromatin without H1 from dechorionated Drosophila embryos
was incubated with microconccal nuclease at I7<9C over increasing
periods of time (10,20,40 and 80 min, correspondingly, from
laft to right for each set). Chromatin was then fraction-
ated into supernatant (lanss 1-4) and pellet (5-8) fractions.
DN was  extracted and subjected to 74 polyacrylamid gel
electrophoresis under DNA denaturing conditions. An ethidium
bromide flunrescence pattern is shown in A. The DNA was trans-
ferred to a nvlon membrane and hybridized to the same praobes
as in Figure 1. Numbers st the right denote the positions of
ruclensomal core DNA, calculated from the l2ngth of DNA frag-—
ments  obtained from DNase 1 digests of Drosophila embryos
ruclei (M) (57).
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Figure 5. Two-dimensional electrophoretic analysis of histone-
DNA complexes crosslinked in isolated nucleosomes

Nucleosome core particles isolated from dechorionated Dro-
sophila embryos were crosslinked by dimethylsulphoxide. Cross-—
linked DNA-histone complexes were isolated and electrophoresed
on a I-st dimension gel. After the digestion of proteins
with Pronase, DNA was resolved on a II-nd dimension gel under
DNA denaturing conditions and transferred to a nylon membrane.
The membrane was analysed by hybridization with the hsp
70 gene coding region prabe (A) and then with nontranscribed
ribosomal type II insertion (B). The thin lines show positions
in the gel and figures give the length of DNA fragments
crosslinked to different histones and arranged on separate di-
agonals. At the left are the autoradiograms of the top part
after a shorter exposure.

The yield of chromatin before micrococcal nuclease digestion
was nearly guntitative (see METHODS). However based on  the
chromatin fractionation data obtained by us (Figure 1) and

other authors (13,14,22,37), we had expected that micrococcal
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Figure 4, Two-dimensional electrophoretic analysis of histone-
DNA  complexes in nucleosomes crosslinked in nuclei

Nucleosome core particles were isolated from dechorionated
Drosophila nuclei crosslinked by dimethylsulphoxide. Cross—
linked DMNA-histone complexes were then isolated and analysed by
two-dimensional electrophoresis. The designations are the same
as in Figure 5.

s s digestion shonld lead to some enrichment of the pellet
in active gene nucleosones  so that subseguently we would be
able to anelyse the soluble chromatin fraction depleted of
"active" nuoleosomess, We have analysed this possibility by com-—
paring the electrophoretic patterns of the active hsp 70 gene
i the supernatant  and pellet fractions of the Hi-depleted
chromatin hydrolizate (Figure 4).

From Figurs 4 it is apparent that total chromatin and chro-
matin from active and inactive genomic regions are  similarly
distributed botwesn the supernatant and pellet DNA fractions,

evan though the relative intensity of longer DNA fragments

11198



Nucleic Acids Research

can inorease duwing hybridization (compare 44 with 4B, 4C).
The pellet fractions were loaded on electrophoresis three
times as  much as supernatant fractions. So during digestion
of Hli-depleted chromatin by micrococcal nuclease the pellet
was not enriched in active hsp 70 genes. The Hl-containing chro-
matin was similarly distributed between different chromatin
fractions after micrococcal nueolease hydrolysis (not shown).
Obviously, the chromatin characteristics were greatly perturbed
during lysis in nuclel at a low idonic strength, because
no smearing of the electrophoretic pattern of the P-fraction
of hsp 70 genes (Figure 1) was observed after micrococcal nuc-
lease hydrolysis of lysed nuclei (not shown).

Arrangement of histones on DNA in "active" nucleosomes

A good resolution of two-dimensional gels can be attained
only with nucleosomal DNA of homogeneous length. So in the
subsequent experiments micrococcal nuclease digestion was con-
ducted during longer periods of time. Two-dimensional electro-
phoretic analyses of corosslinked DNA-histone complexes are
shown  in Figures 5 and 6 after subsequent hybridization with
probes from active and inactive chromatin regions.

After hybridization with nontranscribed ribosomal insertion,
the picture was very similar to  the structure of total
mnicleosomes obtained by direct end-labeling analysis (27,41).
There are three diagonals of Drosophila histones (H3,H4 and
H20-H2B)  because the mobility of histones H20 and HZB were
very similar and the DNA fragments crosslinked to them could
not bhe separated completely.

The locations of crosslinking sites for four core histones
along core DNA  of nontranscribed ribosomal insertion can be
read directly from the positions of radicactive spots on these
diagonals. The spots on the crosslinked histons HI diago-
nal were smeared from top to bottom. Ferhaps, this smearing
was due to some slight modifications in the original method
of nucleosome isolation which we incorporated in order to in-
crease the core vyield., However the overall two-dimensional
pattern is very similar to the pictures obtained by the DNA end-
labeling method (see for example Figure 5 in Ref. 27). One can

s that ths overall primary organization of nucleosomes in
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the range of DNG length from 60 to 150 bp is very similar for

nucleosones  orosslinked  in noolel (Figure &) and after their

isolation  (Figure although some fing de

mary organization may be absent on th

Hybr i of the same membra with an

g probe

i milar b The

(Figures S8 and 64 oilves a picture which i

primary  arganization of "inactive" nucleosomes. Ther

arrangement  of histones along nuoleosomal DNA e not

oA

ive chromatin as compared with to
v

tin, Subsequently the sane membranes

cloned gene probes such as overall ribosomal repeal and

copy housekeeping gene of tobulin., We did nobt find any differ-
ences in the primary organization of cores on these ganes

(not shown) .

ISCUSSION

The assumpiion that there are modifications in bhe ool eosomns

condormation of  active ochromatin we sunpoetad by nuecle

digestion studies (44 . 45) that showsd that Dia

O Lhe

active ochroma a  higher r

sensitivity of active ochromatin to micrococoal

unchanged. Thersfore  the authors suog

can "reoogniwe  structoaral  modifications in Yactive” nuoolsae

osomes., The preferan 2l DNase 1 nElhtivity w gned o

HME 14,17 (17 and histone acetylabtion (440,

Howaver HMG 14,17 binding to nucleosomses changes neibther Lhe

overall nucls ome  Contormn: (477 noy the primary oOrosmizas

tion of  nucleosomes (48). Histone acebylation also ohanges

the nuocleosome  only  slightly (49) . At present it is assumad

that the preferential sensitivity to DNAse 1 is by some

relaation  in supranucleosomal stroctuwre of  active ohromas

tin prasumably in conseguence of histons HD deplelion

i (9,510

in active chroma

On the obher hand, dsolated nucleosomes have besn proven to

have a great affinity for HMG 14,17 proteins from active ochro-

P es =

matin (17 ,18,¢

Our results (Fi

s Y BLGQ

leosonmes  from ive ochromatin have longsr DA compared

with total nucleosomes after hydrolysis by micrococcal nucle-
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ase both Hl-containing and Hi-depleted chromatin. Therafaore
the preferential binding of HMG 14,17 proteins to "active"
nuclensomes can  occuwr  duwring micrococcal nuclease digestion
simply due to a greater affinity of HMG 14,17 for nucleosomes
with langer DNA length (54).

The longer DNA length in "active" nucleosomes can be caused
by a prefersntial protection of +the ends of nucleosomal DNA
by histones H2A and HZ (27). The existence of nucleosomal con-—-
formers with different arrangement of H2A histone was shown
by DNA-protein crosslinking (55) and X-ray diffraction

Z,42). Dbviously, nucleosomes in active chromatin may have
some subtle conformational modifications which are not discerned
by DNA-protein crosslinking methods. These peculiarities
can be responsible for the additional protection of the nucle-
osomal DNA ends (Figure 2) and specific electrophoretical char-
acteristics (Figure 3) of "active" nucleosomes. Ferhaps, the-
se structural changes are also the cause of a greater accessi-—
bility of bhistone HI SH-groups to modifications in isolated
tactive" nucleosomes (24-26).

The above data showing that both the electrophoretic mobil-
ity and primary organization are similar in active as well
as in inactive nucleosomes witnesses against the alleged exis-
tence in  active genes of nucleosomes with a highly distorted
structure, such as the unfolded nucleosomes found in ribosomal
genes of FP. polycephalum (23). A model for such unfolded
nucleosomes should vnavoidably incorporate considerable changes
in histone contacts with DNA, in particular a simultaneous
contact of histone HZ with the central and terminal regions
of nucleosomal DNA would become impossible. Yet we observed
no  such changes in  the primary organization of active nuc-
leasomes. Freservation of electrophoretical and some other
characteristics in active nucleosomes have been also demon-
strated in other papers (11,12,20,21). However several authors
have reported recently significant smearing in the nucleoso-
mal repeat of some active genes (13, 22,32,37), including part-
ly activated hsp 70 gene (Figure 1). These observations could
have been interpreted on the basis of considerable distor-

tions 1in the npucleosomal structure. Our data on the similar-
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ity of general conformation and primary organization of nuc-

leosomes Ffrom active and inactive genome regions have led us,

however, to a different suggestion, namely that the peculiari-

ties in chromatin structure of active genes could be better

accounted for by some changes in the supranucleosomal organi-

zation that can disturbe the regular arrangement of nucleosomes
during transcription.

Changes in the nuclensomal repeat could be also brought about
by an association of the transcribed genes with nuclear
matrix, since it 1is in the P-fraction of the nuclear matrix
that the changes in nucleosomal repeat  are most pronounced
(Figure 1). The latt=r supgestion is supporited by the observa-
tion that the periodical pattern of micrococcal nuclease di-
gestion of the hsp 70 gene is restored after the nuclel have
been lysed at a low ionic strength (Figure 4)  and thereby the
association with the matrix has been broken (3547,

These and other characteristics of active chromatin, for
example its sensitivity towards nucleases seem to arise from
the depletion of histone H1 (9,51). It should be stressed here
that the primary organization of core nucleosomes is  not
dependent on the presence of histone HI (27,55) although cores
and Hi-containing nucl2osones demonstrate significantly
different properties.

Our appreoach involves some serious experimental difficulties.
First, some hsp 70 gens copies may be present in an  inactive
chromatin conformation and thus the characteristic features of
active chromatin might be "masked". However, histone HL 1is
actually absent from thes hsp 70 gene chromatin during moderate
transcription (?), and all of hsp 70 nucleosomes have abnormal
electrophoretic mobility (Figure 3). Therefore it can  be
assumed that there are no "inactive" nucleosomes in hsp 70
genes.

Second, variations in nuclease susceptibility and preferential
aggregation of active chromatin may cause enrichment of the
analysed (soluble) fraction in “inactive" nucleosomes. In fact,
however, the digestion rate of moderately transcribed hsp 70
genes 1s the same as for inactive chromatin (Figure 1) and

preferential sedimantation of “active" nucleosomes in the in-
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soluble fraction was not observed after the lysis of nuclei at
a low ionic strength (Figure 4). Tt should be stressed that in
some experiments (Figure 6) crosslinking was conducted in
nuclei before isolation of nucleosomes.

It should be Ffurther noted that nucleosomes must undergo
considerable changes in the sites of transcription directly
occupied by RNA polymerase molecules in the process of rever-—
sible removal of histones (?). The removal appears to be indu-—
ced by RNA polymerase molecules (10, but see Ref. 58). The
depletion of histones proceeds in parallel with the intensity
of transcription increasing in the series H1IXHZA,H2BXH3,H4
and can go as far as the stage of partial or complete unfold-
ing of nucleosomes (B). However, the DNA in active chromatin
reginns that are free from RNA polymerase molecules, reassoci-
ate with histones and thus a compact structure of nucleosomes

is restored.
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