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Supercondensation of Interphase Heterochromatin in Drosophila nasura Cells
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Extending our earlier observation [ Exp Cell Res, 132(1981) 423) on the effects of Hoechst 33258 and hypotonic treatments
on condensation of heterochromatin in interphase nuclei of D. nasuta, we now show by Feulgen-DNA cylophotometry thal the
chromocenltre heterochromatin in Hoechst 33258 + hypotonic treated interphase cells of D, aasuta is supercondensed. Like the
Hoechst 33258 eflect, exposure of live embryonic (2 hr) or kuval bruin cells (16 hr) of D. nasuia 10 20 ug/ml Netropsin or
Distamycin A (both A-T specific DNA ligands) when followed by a pre-fixation hypotonic treatinent, also cuuses
supercondensation of chromocentre in majority of the treated cells; without the hypotonic treatment chrormocentre is not
supercondensed in any of the drug treated cells. A G-C specilic DNA ligand, Olivomycin, does not cause any such effect. s
sugpested that, only A-T specific ligands can cause the supercondensation of interphase heterochromatin when the treated cells
are exposed o hypotonic solution prior to fixation. By reverting 16 hr Hoechst 33258 + 15 min hypotonic treated Jarval brain
ganglia to isotonic culture medium for 1 or 4 hr, the supercondensation of chromocentre can be reversed, although a second
hypotonic treatment after 4 hr in Hoechst 33258 free isotonic culture mediam restores the supercondensation of chromocentre.
[t appears that the A-T specific drug binding to DNA modifies the nucleoprotein interacnons inimerphase heterochromatin in
such a way that a hypotonic treatiment causes a very rapid but reversible reorganization of chromatin constituents to cause the

supercondensation.

A prefixation treatment of live cells with Hoechst
33258 (H) leads to inhibition of the mitotic chromatin
condensation, specially of the A-T rich segments® *so
that at metaphase these chromosome regions appear
relatively extended. A comparable inhibition of
condensation has also been found with other A-T
specific drugs like Netropsin®® or Distamycin A® 7.
In contrast with the above inhibitory effect of the pre-
fixation H-treatment on mitotic chromatin conde-
nsation, we had earlier® observed an unusual effect of
H on the A-T rich heterochromatic chromocentre (cc)
in interphase nuclei of Drosophila nasuia. We found a
significant decrease in size of the cc in H-treated cells
exposed to a hypotonic (hy) treatment prior to fixation
while 10 the absence of the hy treatment no change in
the size and morphology of the cc was found. We
presumed? this decrease in the size of the cc in H -+ hy
treated cells to be due to a “supercondensation’ of the
interphase heterochromatin.

We have now further examined the effects of three
other DNA-specific ligands, viz. Netropsin (NP),
Distamycin A (DA) and Olivomycin (OM) on the
condensation of interphase, heterochromatin in D.
nasuta. While NP and DA are A-T specific, OM is G-C
specific DNA binding agent®'°. In addition, we have
also extended our studies on the H-effect on interphase

*Addressee or reprint requesls.

heterochromatin by examining the following aspects:
(1) Feulgen-DNA cytophotometric measurements on
H and H -+ hy treated Jarval brain cells to ascertain if -
the decreased area of ce in H + hy treated cells is due to
a ‘supercondensution’ of heterochromatin or due 1o
other factors und (1) reversibility of the H + hy ellectin
larval brain cells by reverting the H4hy treated
ganglia to isotonic medium,

Materials and Methods

A wild type strain of Drosophilu nasuta (Varanasi)
has been used for these studies. Eggs were collected
and larvae were reared on the standard agar-cornmeal-
brown sugar-yeast food at 24”4 17C. The following
experiments have been done:

Feulgen-DNA cyiophotomerry of Hoechst 33258
treated larval brain cells— Larval brain ganglia were
cultured for 16 hr in the presence (treated) or absence
(control) of H (40 pg/ml), as described carlier®, Air
dried preparations of H-treated ganglia were made
with or without any pre-fixation hy treatment in 0.67%
tri-Sodium Citrate for 35 min while those of control
ganglia were made without any hy treatment. The
ganglia were fixed for a very brief period (~ 1 min) in
fresh acetomethanol and the air dried preparations
were immediately placed in 70%, ethanol for 2 min alter
which they were again dried in air'!. The control, H
and H+hy treated larval brain preparations were
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subjected to Feulgen reaction, hydrolysis being carried
out i 4N HC! for 80 min at 22 C. The material was
then rinsed in sulphurous and distulied  waters,
dehydrated, cleaned in Xylene and mounted in a
Cargille oil (n=1.530).

Microspectrophotometry of the Feulgen stained
zones was made with a Zeiss Microscope photometer
cquipped for automatic scanning in an off line
operation. Operating conditions  were:  Plunapo.
100,1.3 objective, optovar 2, measuring diaphragm
diam. 0.1 mm, field diaphragm diam. 0.2 mm, LD-
Epiplan 16/0.3 condenser, 0.5 x 0.5 ym spot size and 2
=560 nm oblained with a Schott monochromutor
ruler. The half band width at spot of transmission was
considerably small as the width of the effecuve light
beam wasequalto 0.2 mm (Zeiss Information, 1977). A
predominantly monodirectional scanning motion was
used. The grid points showing absorbances <0.020
were considered background and were autonuiticatly
removed from the nuclear tmage. The nuclear and cc
Feulgen-DNA  wvalues and absorbing arcas were
determined for nuclei of the three sets (control, H and
H + hy treated) of slides. cc Feulgen-DNA values and
absorbing areas were obtained through integration of
the absorbances over fixed values considered cut off
(c.0.) points (see Results) which were chosen after a
preliminary test.

The Feulgen-DNA values and absorbing areas were
plotted as frequency histograms distributed tn a scale
of values in geometric progressionf?:t3,

Netropsin, Distamycin A or Olivomycin treatment of
embryonic or larval brain cells—4ahr old embryos of D.
nasuta were dechorionized and treated with 20 yig/ml
Netropsin (NP) or 20 pg/ml Distumycin A (DA) or 20
ug/ml Olivomycin (OM, all 3 from SIGMA) for 2 hr as
described earlier for the H-treatment®. Brain gunglia
from late third instar larvae were excised and cultured
in vitro in presence of NP (20 ug/ml), DA (20 pg/miy or
OM (20 pug/ml) tor 16 hr. For each experiment paratlel
control cultures without any drug were maintained.
Air dried preparations of the treated or control
embryonic or brain cells were made with or without
any pre-fixation hypotonic (hy) treatment (see ref 8),
They were stained with 5% Giemsa and analyzed for
the morphology of chromocentre (¢cc) and non-
chromocentre regions as described earlier®.

Reversibility of H+ hy treatment induced supercon-
densation of cc—To test the reversibility of the H + hy
effect, larval brain ganghia were first exposed to H (40
pg/mib) for 16 hr in vitro and then subjected 10 the
following treatments: (a) hy (0.67%, tri-Sodium Citrate)

treatment for 15 min, (b) a 15 min hy treatment

followed by incubation for t or 4 hr in the normal
(isotonic) culture medium, (¢) 15 min hy treatment and
4 hr isotonic medium incubation followed by a second
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15 min hy treatment, (d) incubation in H-free medium
tor 4 hr followed by 15 min hy treatment and (¢) hy
treatment in the culture medium diuted 11 with
distiled water. After these various treatments the
ganglia were {ixed in acetomethanol; their air dried
preparations were stained with 3% Giemsa  and
observed for cc morphology.

Results

Feulgen-DNA  cyrophotometric measurements—1In
larval brain ganghia, cells with widcly varying nuclear
sizes and DNA content are present’®. For the present
analysis, only the smallest sized nuclet have been
measured, Even choosing visually the smallest nuclet,
nuclear Feulgen-DNA values are found distributed in
at least two doubling intervals. However, the
frequency of Feulgen-DNA values within the two
intervals, named [ and [, varies between the control
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Fig. 1-- Frequency distribution of Fealgen-DNA nuclear values (in

arbitrary units, a.u) of the smallest sized nuclei in Control (27

nuclei), Hoechst 33258 (H, 54 nuclei) or H +hypotonic (H + hy, 72
nuclel) treated samples
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and treated samples: in H as well as H -+ hy treated

samples, the (requency of nucled in interval s higher

than in the control sample (Fig.1). The distnbution of

the nuclear Feulgen-DNA absorbing arcas of H and H

+ hy treated nuclet appear shifted to larger and smaller

values, respectively, as compared with the ¢ontrol

(Fig.2). However, when comparing the nmean nuclear

" absorbing areas with '’ - test, a statistically significant
dilference at 22<0.01 level is detected only for the I

x4 hy comparison.

"~ Theceinnuclei of control preparations even visually
appear less stained than those of the treated
preparations. When considering the absorbance c.o.
point 0.200, most of the cc of the control appear
underrepresented as their absorbances are smaller

_than 0.200 but higher than 0.100. On the other hand,
the relative frequency of cc Feulgen-DNA valyes of the
treated preparations differ within certain intervals
(Table ). In addition, when choosing a c.o. point
0.300, the relative frequency of cc Feulgen-DNA
values is larger in H+ hy treated preparations (Table
1).

The frequency with which the cc areas can be
discriminated is also a function of the treatment
condition and the c.o. point chosen (Table 2).
Considering the c.o. point 0.200,-this frequency is
practicatly the same for H and H +hy wreated nuclei.
However, when using the relatively Lirger c.o. point
{0.300) this frequency 1s larger in the H+hy treated
sample. On the other hand, when using a c.0. point
0.200, cc with a larger area are more frequent in
treated nuclei as compared with H +hy treated ones
(Tuble 3). These results show that the cc
heterochromatin becomes supercondensed in H+hy
treated cells (see Discussion).

Effects of Netropsin, Distumycin A4 or Olivomycin

treatrents on emibryonic or larval brain cells—- Non-hy .

treated contro! interphase nuclei from embryos or
larval brains of D. nosuta show a pronunent cc(Fig. 3a,
also see ref 8,14). After hy treatment, the ce in control
embryonic or larval brain nuclei beeomes diffuse
“(Fig.3b). As a result of the NP+hy or DA+hy
reatments, interphase nuclei from embryonic or larval
" brain cells show supercondensation of ce {(FFig. 3c,d) as

seen earlier with Her by treatment®. The trequency
with which the treated nucler show supercondensation
of ce, varies with the cell type and with the drug used
(see Table 4), being more common in embryonic than
in tarval brain nuclel. The non-chromocentre (nec)
cuchromatic regions also appeur homogencous in the
drug+ hy treated than in control or only drug treated
samples (Fig.3). The areas of ce and nee regions in the
control and NP or DA treated cells show diflerences
simitar to those noted eartier” for the H-treatment, i.c.
the cc area in non-hy exposed control and the drug
treated cells is similar, while tn the drug + hy treated
cells, the ¢c area is much smaller (detatled data not
presented). OM does not cause any such eflect since
only m very rare nuclet the ¢ to be
supercondensed (Table 4 and Fig.3e).

Reversibility of H+hy induced supercondensation of
cc in larval brain cells—When 16 hr H-treated tarval
brain gangha are exposed for 15 min either to 0.67%
tri-sodium citrate (the usual hy solution) or to 1:1
dituted culture medium, the morphology of the nuclei
shows typical changes as seen after o complete 35 min
hy treatment, re. the cc becomes supercondensed,

1S seen

Table 2 ~ Frequency ol Detectuble Chromocentre (ee) in

Feulgen Stained Nuclel of Larval Brain Cells of D, nuswua as

a4 Function of the Absorbance c.o.
Used

Point and Treatment

Treutments No. of Frcqucncy “/,,) of delectable cc
nuclef - ——— —
measured c.o.=0.100  c.0.=0200 c¢o,=0.300
Control 27 100.00 37.04 0.00
It 34 96.30 4818
H+hy 72 100.00 84,49

Table 3 --Chromocentre (o) Feulgen-DNA  Absorbing
Areasin Controland Treared Larval Brain Cells of D. nasuiau
at Absorbance c.o. Point=0.200

Treatments Fregueney (%) ol cc ubsorbing drea

<0.25 ym* 0.25-1.0 gm?*  1.0-2.0 gm? >2.0 pm?
Coutrol 62.96 33.33 370 0.00
§! 3.70 42.59 42.59 il
H+hy 0.00 72.22 19.44 8.33

Tdbl(. [ —Frequency (%) of Chromocentre Feulgen-DNA Values within Chosen Intervals in Larval Brain Cells ol D nasuta
as a Function of the Absorbance ¢ 0. Point and the Treatment Used

Treutments c.0.=0.200

c.0.=0.300
<0.200 0.200- 0.400- 1.030- 2.060- <(.300- 0.300- 0.400- 0.860- 1.720-
0.400 1.030 2,060 4.730 0.400 0.860 1.720 3.590
Control 62.96 18.52 14.81 3.70 0.00 — — — —
H 3.70 1111 2593 37.04 22.22 51.85 11,11 111 20.37 5.56
H+hy 0.00 0.00 40.28 41.67 18.06 11.11 33,33 31.94 2222 6.94
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while the nce cuchromitin regions become more

diffused .md uniformly stained (Figs. 4a,b and also ref

8). Whun 16 hr H+15 min hy treiated gangha are
rclurmd {o normal culture medium (without ) and
fixed after 1 hr or 4 hr of incubation in the isotonic
solution, the nuclear morphology no more shows the
I+ hy effect, instead, the condensation patterns of ce
and nce regions are comparable to those seen in
control nucler (Figs, 4¢,d). Traces of H+hy eftect are
still visible in 1 hr isotonic solution incubated gangha

Tuble 4 -

but those incubated for 4 hr do not show any trace of H
+hy effeet. When 16 hr H-ucated gangha are
transferred to control medium (without Hj for 4 hr and
then given a 15 nun hy treatment and fixed, the
charucteristic H-hy effect is stull présent (Fig.de).
Similarly, when 16 hr H + {5 min hy treated ganglia are
returned for 4 hr to the controt culture medium and re-
exposed to 15 min hy treatment, the cc supercon-
densation and diffusion of euchromatin areas beconie
immediately obvious (Fig. 40,

Litlect of Pre-tixation Netropsin, Distamycin A or Olivomycin and Hypotonic Treauments on Supercondensation

of Chromocentre (co) in Interphase Nuclel from Embryonic and Larval Brain Cells of D nasura

Cell type Treatments

Embryonic Control
Netropsin
Distumycin A,
Olivomycin
Larval brain Control
Netropsin
Distamycin A
Olivomycin

Duration No. of nuclel Yo nuclei showing
(hr) observed supercondensed cc
2 Bl6 0.00
2 1282 52.18
2 Y67 6Y.50
2 981 3.59
16 1896 0.00
16 1392 44.97 -
16 1093 64.32 .
16 1510 5.43

R e d aTE Gl 25 3
PRI ) 5 U S 4., - 5 T ..M«M.A...,*-A.w_._‘_&hm.,e«‘

v

: -_.a-h.ﬂ'_g“.m__ FR LML !iiiﬁ m

°5

e

Fig. 3—Gicmsa slained interphase nuclei from larval brains of D. naswra {Conlrol nuclei withoul () or with (b) a pre-fixalion hypotonic
exposure - note the partial or complete diffusion of chromocentre(ce) in (b). Pre-fixation hypotonic treated nuclei from ganglia exposed for 16
hr to NP (¢) or DA (d) or OM (e). Note the supercondensation of cc in most nuclet in ¢ and d but only in rure cases in e}
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Fig. 4-—Giemsa stained interphase nuclei from 16 hr Hoechst 33258
(H) exposed brain ganglia subjected to Tollowing pre-fixation
treatments:a-15 min 0.67% ri-sodium citrate (hypotonic), b-15 min
1: 1 diluted culture medium; ¢,d-15min hypotonic and then | hr(c) or
4 hr (d) H-free culture medium; e-4 hr H-free culiure medium and
then 15 min hypotonic and {-15 min hypotonic followed by 4 hr H-
" free culture medium ind a second 15 min hypotonic treatment. Note
the general similarity of nuclear morphology in ¢ and d with that in
control nuclet in Fig.3a

Discussion -

In our earher study on the effect of H-treatment on
Drosophila cells®, we suggested the more intense
Giemsa staining and the decrease inarew of the ce in H
+ hy treated cells to be due to a supercondensaition of
interphase heterochromatin in such treated cells, Our
present  Feulgen-DNA - cytophotometric
ments conlirm this.

The Feulgen-DNA values for nuclear as well as cc
arcas are, i general, higherin H or H + hy treated cells
than in controls. Since the larvac used for these
different sumples were of similar uge and since we have
restricted our analysis to the smallest sized nucle, the
difterences in Feulpen-DNA values in thdse samples
are unlikely to be due to ditferences in the Feulgen-
DNA content. These are more hkely to be due to
differences towards the Feulgen hydrolysis related to
chromatin compactness. In this context, one or more
of the following hypotheses may be considered: (4) For
the hydrolysis time of 80 min, the inevitable loss of
some  DNA  aldehydes concomitant to DNA
depurination  during  Feulgen  reuction  oceurred
relatively Lute or was not very significant in the treated
prepitrations; (b) the depurination rate in the presence
of the acid was Taster in the treated preparation; () as
gnd points exhibiting ubsorbances smaller than 0.020
were cleaned from the nuclear mmage and they were
more frequent in the control, their removal could
account for a certain decrease i the total Feulgen-
DNA values. Examining some preparations subjected
1o a Jonger acid hydrolysis (2 hr), Feulgen-DNA values
of the control und H-treated preparutions were found
to decrease signmificantly, whereas those of the H + hy
treated celts did not change or decereised only slightly
(detailed  data not  presented).  Therefore, the
hypothesis (b) is discarded. The hypotheses (a) and (¢)
thus appear to satisfactorily explain the differences in
frequencies of the nuclear und ce Feulgen-DNA values
in control and H or H +hy treated samples.

The nuclear Feulgen-DNA absorbiag areas in the
three sets of nuclei appear to be not strictly comparable
with our earlier meusurements of the nuclear arcus in
control and H or H+hy treated larval brain cells®,
since i I as well as H+hy treated cells, the nuclear
area was greater than in control (non-hy treated) cells
(see (Table 3 of ref 8), while the present data on nuclear
Feulgen-DNA absorbing areas in control and H or H
+hy. treated samples show a different relationship
(Fig.2). This 1s presumably duc¢ to the effect of
hydrolytic treatment preceding the Feulgen reaction'®
and also to non-inclusion of the area covered by grid
points having absorbance <0.020 in the computation
of integrated nuclear Feulgen-DNA ubsorbing ureas.
These small absorbances were discarded to avoid a
systematic error'’. Apparently, the more diffused

measure~
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appearance of the cuchromatin regions i H-+hy
treated  cells causes more grid points to have
absorbunces €0.020. This agrees with our carlier
suggestion that the H-treatment causes a certain
degree of decondensation of cuchromatin regions of
interphase nuclei.

As mentioned above, the higher c¢ Feulgen-DNA
absorbance valuesin H-treuted than incontrolcells are
presumably due 1o a greater Feulgen binding per se in
H-treated nuclei. Since in our carlier study®, we had
found comparable cc wreus in control and H-treated
cells, it appears that the condensation pattern of
iaterphase heterochromatin is not much altered by H-
trestment wlone, but H4+hy treatment drastically
alters this. The higher relative ce Feulgen-DNA values
in H+hy than in H-treated cells (Tables 1,2) and the
higher frequency of cc with a larger absorbing area in
H than in H +hy treated cells when using 0.200 as the
c.o. point (Table 3) imply a greater Feulgen-DNA
content in a per unit cc area in H +hy treated than in
H-treated cells. In other words, this shows that theccis
supercondensed in H +hy treated cells.

The supercondensation of interphase heterochro-
matin caused by H + hy treatment of Drosophilacellsis
unusual since the generally known etfect of H 1s the
inhibition  of  pre-mitotic chromatin ~ conden-
sation! ~>%. Therefore it is significant that NP and
DA, when combined with hy treatment, also cause an
identical change in the condensation pattern ol
interphase chromatin in larval and embryonic cells of
D. nasuta. Like H, NP and DA also inhibit the mitotic
chromosome condensation in mammalian cells* 7
and also in D. nasuta cells'®. In contrast with these,
OM has litle or no cffect on mitotic chromosome
condensation (our unpublished observations) and n
accordance with the above correfation, OM has been
found to have no effect on interphase heterochro-
matin. Since H, NP and DA all specifically bind 1o A-T
rich DNA scgments while OM binds to G-C rich
regions™ !, itappears likely that their inhibitory effect
on mitotic chromosome condensation and the reverse
effect on interphase heterochromatin condensation in
Drosophila cells are related to the A-T specificity of
these three DNA ligands. It remains to be seen, if these
ugents also alleet the heterochromatin in mammalian
or other interphase cells in a compurable manner.

The molecular basis of supercondensation of cc
brought about by exposure ol these A-T specific drug
treated cells to a hy solution is not understood.
Persistence of the H + hy eflect m celis chased for 4 hr
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i H-free medium suggests that the alterations in
chromatin condensation af'ter the hy treatment are due
to the H remaining bound to ceftular DNA. Our earlier
observation on the extreme rapidity of this elfect® and
the present findings on its reversibility, suggest that the
A-T specific drug binding to DNA alters the
nucleoprotein interaction in such a way that even a
brief hy treatment cuuses rcapid but reversible
reorganization, rather than o loss of some chromatin
constituents. We do not know if some heterochro-
matin specific proteins'® 7*! are also involved in this
supercondensation of cc. This needs further analysis. It
will also be interesting to examine the nucleosomaland
supranucleosomal organization and histone moditi-
cations?® in the H or H + hy treated cells of Drosophila.
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