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Summarys

The binding characteristics of the antibiotiecs to nuelei
and their effect on the permeabllity of nuclear membrane with
respect to histones and ribonucleic acids have been investiga-
ted, The binding constant for chromomycin A5 was found to be
1.4 x 10%-1 ang number of binding sites was equal to 3.48 }
1.08 x 1012 molecules/muclei. The antibiotic chromomycin Ag
enhanced the uptake of lysine-rich histone, actinomycin D
decreased the uptake and ethidium bromide had no effect.
Chromomyein A, also enhanced the release of acid insoluble
fraction contgining RNA from the nuclei, actinomycin D and
ethidium bromide inhibited the release of acid insoluble
fraction containing BNA, The relevance of this finding to
the role of nuclear envelope in understanding the mechanism
of action of the antibiotic has been discussed.

Introductions
Chromomycin Az and actinomycin D exhibit antitumour

properties against various experimental tumours and have been
clinically used against certaln cancers (1), The locus of
action of these antibiotics appears to be the nucleus, where
they inhibit the DNA dependent RNA.polymerase reaction by
interacting with double helical DNA, Presence of a divalent
cation is an obligatory for chromomycin 33 to interact (2).
Although, a detailed study on the interaction of various
antibioties to DNA and their effects on the inhibition of
transeription has been investigated (3-6) it has not been

*Part I and II - see references (5) and (6)
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possible to establish a relationship between the dose and the
response, For example, the binding constant for chromomycin Ag
is 1000 times lower than that of actinomycin D, but it inhibits
transcription by 50% at concentrations comparable to actinomycin
D (5., This finding supports the assumption that antibiotics
have other modes of action in addition to their interaction with
DNA., It has been shown in case of actinomycin D that it inhibits
the nucleo-cytoplasmic migration of RNA due to the decrease in

the pore size (7)., Furthermore, Roth and Hans have shown that

in Hela cell nuclei ribosomal proteins are taken up more rapidly
than cytoplasmic proteins, thus, showing the selectivity of the
nuclear membrane (8). Therefore, it remains to be established
whether uptake of antibiotles are different in each case and

the permeability of the nuclear membrane to biologically
important molecules is altered in their presence. Thus to explore
further the mechanism of action, a systematic study on the binding
of various antibiotics to the nuclel and thelr effects on the
permeability of the nuclear membrane to histones and ribonucleic
acid in an invitro system was undertaken, Here we wish to report

some of the preliminary results,

Materials and methodss

Actinomycin D and Bthidium bromide were obtained from
Sigma Chemical Company (St. Louis) and Chromomycin A; from
Cal Blochem (Switzerland}. The concentration of the antibiotics
was determined spectrophotometrically. The solution of Chromo-
mycin Ag was always stored in dark and the concentration was 3
determified at 405 nm using molar extinction coefficient of 8.8 x 107,

Male rats (Indian Institute of Science strain) welghing about
150 gms were used for the isolation of nuclel,

Isclation of nuclel:

Nuclei were lsolated according to the method of Blobel and
Potter (9). The nuclei prepared was stored in 25§ glycerol
0.01M tris.HCl, 0.001M MgCl, pH 7.5 until use, The concentra-
tion of nuclei was determingd by counting them in an hemacytometer,
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The purity and integrity was checked by chemical composition and
phase contrast microscopy.

Labelling of histones:

The calf thyms lysine~rich &istones (Sigma Chemical Company,
St. Louis) were acetylated with [l4c)}.acetyl phosphate according
to the method of Ramponi et.,al (10). After the reaction, the
histones were precipitated with 18% trichloroacetic acid, centri.
fuged and washed with acetone and driled in vacuo.

The total histones were 1solated from rat liver according to
the method of Bonner et.,al (11)., Histones were labelled as men-
tioned above, The purity of histones was checked by polyacrylamide
gel electrophoresis according to Panyim and Chalkley (12).

Labelling of ribonucleie acid (RNA):

This vas labelled in vivo by injecting 500 pCi of {32,
phosphate one hour before sacrifice of the animal,

Binding of antibiotic to nuclei:

Nucleil suspended in 0,281 sucrose in tKM buffer (0.081 tris
HC1l, 0.0284 KC1, 0.0081 MgClz KH 7.5y was incubated for 10 minutes
with the antibiotlc at 250C, t the end of the period nuclei were
pelieted by centrifugation at 800 g for 10 minutes, The superna-
tant was used to measure the concentration of free drug spectro-
photometrically.

Effect of the antibiotic on the nucleo.cytoplasmic transport of
histones and acid insoluble fractions:

The suspension of nuclel cog&aining 8.3 x 107 counts/ml were
incubated with the drug (5 x 10™“M) in 0.281 sucrose in tKM buffer
at 25°C for 10 minutes prior to the addition of histones, The
total volume of the mlxture was 0.5 ml, At the end of 20 minutes,
the nuclei were pelleted as before, The pellet was solubllized
with 10% Sodium dodecyl sulphate by agitation, The radioactivity
in both pelle% and supernatant were counted in a Beckmann LS-100

counter using 0.5% ppo in toluene-triton X-100 in the ratio 2:1 as
the cocktail,

Fog the release experiments, the [32p] labelled nucleil
(8.3x10¢ counts/ml) were incubated with the antibiotic (5x10=91)
for 10 minutes and the nuclei were pelleted as before., RNA in
both pellet and supernatant were precipitated with 0.3M perchloric
acid and centrifuged for 10 minutes at 800 g. The precipitate
was washed thrice with 0,3 perchloric acid and was digested

with 0,30 potassium hydroxide overnight and centrifuged. The
supernatont was neutralized with perchioric acid centrifuged and
aliguot of the supernatant was counted,

Both uptake and release experiments were carried out about an

hour after preparation of nuclei, Light microscopic examination
of nuciei showed thelr intactness.

Evaluation of binding constant (K) and number of binding sites (n):

The values for K and n were calculated from the equation

935



Vol. 83, No. 3, 1978 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Concentration of nuclei(counts/mL)
0 4 160 200
80 T T T T T T T T T

*h of drug bound to nuclei

1 L 1 1 | i 1 1
0 2 4 6 5 8 10
Total Concentration of drug (M) x 10

Figure 1. Uptake of the antibiotic by the nuclei at 25°%
at fixed concentration of nuclei écounts/ml) (1) (cozsxloé;
(1i) (@)40 x 106; (1i1) (o) 50x10°; (iv) (a)at fixed con-
centrations of antibiotic (5x10'5ﬂ).

1/r = —LKnx%l -4.% according to Steck (13), where r = amount of
drug bound to nuclei, m = amount of free drug.

Results and Discussion:

Fig, (1) shows the percentage of chromomycin Az bound to
nuclei when varying. concentratioms of the antibiotic are added to
a constant amount of nuclel and vice versa, It indicates signi.
ficant binding in the range of concentration of nuclei (5-200 x
108 /nl) . Further, the concentration of nuclei required for 50%
saturation of the antibiotic is 1,5 times higher for ethidium
bromide as compared to chromomycin A5 (data not shown). This is
in accordance with the higher value of binding constant (&8}, The
noteworthy feature here is, the concentration of chromomycin A5 is

much higher than that calculated from the DNA-drug binding data (5).
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Pigure 2, Plot of 1/r against 1/m for binding of Chromomycin

Az to nuclei, The concentration of nuclei (counts/ml)
(1) (@)26x10%; (11) (®)40x10%; (111 (0)50x10°% and (iv) (a)at
fixed concentrations of the antibiotic (5x10-%y,

The inset shows the plot of amount of the antibiotic

bound/nuclei against the amougt of free antlbiotic. The
concentration of nueclei 40x10° counts/ml,

This suggests that it binds to sites, presumably, nuclear membrane
iIn addition to DNA, These data were further analysed to calculate
the binding constant and number of binding sites as shown in Fig.(2).
The values for K and n were 1.4 x 10! ang 3.48%1,08 x 1012
molecules/nuclei, This discrepency in the value of n is probably
due to the use of different batches of nuclei.

The results of the uptake of histones by the nuclei and the
release of the acid insoluble fraction in the supernatant are
summarised in (tables I and II), It is seen that uptake of lysine.

rich histones by the nuclei depends on the nature of the antibiotie.
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Table I, Effect of antibiotics on uptake of l4c1-acety1ated histones by the nucleil.

Counts in the nuclel (cpm)

Concentration of +Chromomy~ +Ethidium vActinomyein D
histones7 -Antiblotic cin Aq bromide (5 x 10°M
M) x lo (5x10-5) (5x10~31)

Total histones

8.6 (10,000} 500 700 - -
21.5 (28,000) 2520 3150 - -
45.0 (52,000) 10400 11400 - -

Lysine rich histones

8.6 (8,000) 810 1200 820 775
18.,5(16,000) 2540 3700 2565 2260
39.0(38,000) 9500 12500 9510 4550
75.0(68,000) 18610 27600 18540 9318

The nuwmbers in the parenthesis denote the total counts (cpm},

Chromonmycin As stimlates the uptake of lysine rich histones whereas
the difference in the uptake of total histones was not significant,
presumably, because of the aggregation behaviour of histones under
these experimental conditions (14),

Since the antibiotic is transported by passive diffusion under
these experimental conditions, it is logical to assume that it
might affect the transport of other molecules by same process, This
is evident from the fact that both the uptake of histones and the
release of acid insolible and alkali hydrolysable fractlon (RNA) are
concomitantly stimlated in case of Chromomycin Aa. In contrast
Actinomycin D brought about a decrease in both the uptake of histone
and the release of acid insoluble fractions., The observed differences
with respect to 3 different drugs suggest that interaction of drug
with nuclear envelope leading to subtle changes in organisation of
the membrane are different in each case, It remains still to be
established how such changes are brought about and the mechanism
of uptake of histones and the nature of the released components,

Such studies are in progress. Nevertheless present data do indicate,
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Table II, Effect of antibiotics on the release of [9%Q labelled fractions*

counts (cpm)_in

% count of

Concentra- -- -—— P T Sttt
£ ti f the total acid total insolu-
s hiniotte antibiotic Nuelel insoluble (o1°%384  insoluble  y)o"rractions
(M) X 105 fractions Fraction released into
supernatant
0  (bateh I) 30017 21011 9200 4200 20.0
(batch II) 38388 5938 12300 2500 42.0
1.5 30017 21011 9350 6130 29,0
38888 5938 13600 2030 19.5
30017 21011 9400 7550 35.8
Chromomycin Ay 3.0 38888 5938 12600 3330 56.0
5.0 30017 21011 9500 9400 44.5
. 38888 5938 13600 3500 59.0
8.3 38888 5938 13800 3580 60.5
12,0 38888 5038 14100 3500 59.0
""" T ““30017 21011 7900 3820 8.1
Ethidigm bromide 3.0 30017 21011 8120 3420 16,2
5.0 30017 21011 8200 2410 11.4
o 1.5 30017 21011 7980 3140 14.8
Actinomyein D 3.0 30017 21011 8850 2940 13,9
5.0 30017 21011 9500 2040 13.8

*It may be noted that the total invivo incorgoration of [32p] label into acid insoluble fraction
differs significantly from bateh to batch and the extent of release of acid insoluble fraction 1s
also higher as compared to the value reported for RNA (15), This difference 1s not due to the ly-
sis of the nuclei as judged by the phase contrast microscopic examination, but in all probability
due to the presence of (32 ] labelled acid insoluble fractlons other than HNA and due to the
difference in the composition of the incubation medium,

for the first time that ln determining the therapeutic potential
of an antibiotic both the affinity constant and effect of the
antibiotlc on the permeability of nuclear envelope to other

functional molecules in transcription must be taken into consideration,
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