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ABSTRACT 

Isotherms of the binding of the anthracycIine antibiotic, adriamycin 

(adriblastin), to DNA histone complexes was studied by means of spectro­
scopic analysis. The results indicated that: (a) binding of adriamycin to histones 

reduced the interaction of histones with DNA, (b) binding of the drug to DNA 

did not change the binding affinity of histone to DNA and, (c) in the explored 
binding range of r<O.1 the binding of adriamycin to DNA-histone complex 
proved to be anticooperative with n values of 0.32 for the interaction of histone 

with DNA-drug and 0.26 for the binding of DNA to histone-drug complex. The 
results suggest the possible participation of his tones in the DNA-drug complex 
formation. 
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Adriamycin or adriblasun is tile main representative of 
the ,mthracycline antibiotics widely used as a potent che­
mothernpeutic agent in lhe treatment of certain leukemias 
and solid tumors'·2 The drug is believed to exert its 
biological acUvity by intercalauon of the planar chro­
mophore into DNA double helix,3 and by its ability, 
inhibits both DNA replication and RNA transcription4.5 l n  
the equilibrium binding studies, the ,malysis o f  data led the 
authors to conclude tilat adrimnycin binds to DNA in 
noncoopcrati ve m:mner. However, Graves and Krugh dem­
onstrated that the binding iscoopemuveand ionic strength­
dependent6 

0.6 A= 230 mn 
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Fig. 1. Complex of histones with DNA at different ratios (Ill!! 
ml). Absorbances represent the amount of uncomplcxed 
material remained in the supernatants. The. Liata of thn.!c 
independent experimcnts were averaged. 
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Adriamycin Binding to DNA-Histone Complexes 

In the nucleus, DNA is not naked 10 serve as a binding 
site for adrirunycin, but rather is comp1cxcd wilh histone 

and other nuclear proteins.1,8 
This structure has been extensively demonstrated a..� 

nucleosorne particles in the chromatin.9 How the presence 
of proteins on the DNA might affect the interaction of drug 
is a question of imparlance in efforts to undersl�md the 
actiort of adriamycin. Except for few reports on the acces­
sibility of chromatin or nucleosomes to nucleases by their 

treatment with adrirunycin,JO,[I no t.!videncc exists about 
the mode of action of drug on DNA-protein complexes. In 
this study, the possible binding of adrimnycin to his tones 
and DNA-histone complexes was investigated. 

MATERIALS AND MEHODS 

Antibiotic adrimnycin was supplicd from SigmaChemi­
cal Comp,my. Stock solution at a concentration of I mg/ml 

in distilled water was made :md stored in the dark at 40°C 
or until use. Dilutions of drug stocks into the appropriate 
buffers were prepared immediately before use and their 
concentration determined spectrophotometrically. 
Exinctioncoefficientof7000 M"I cml ,md 11200 M·I cm·1 
at 480 nm were used for DNA bound and free drug, 
respectively. 

DNA from calf thymus was prepared according to the 
procedure of Kay et all' or supplied from Sigma. It was 
dissolved in 0.05 M uis-HCl buffer pH 7.5 at a final 
concentration of I mg/ml and kept at 40°C for at least two 
weeks without any change in its turbidity or absorbance. In 
some cases DNA solution was diaIysed overnight against 
uis buffer to remove any salt and sonicated. The concen­
tration of DNA in dilute solutions was measured spectro­
photometrically by using a molar extinction coefficient of 
12824 M' cm" at 260 nm. 

Whole histone was prepared essentially by the method 
of JolmslJ and further purified by recycling through ac­
clone precipitation. Protein solution was also prepared 
freshl y in tris-buffer immediately before use. The pH of all 
samples was adjusted if necessary. 

Binding assays were perfortned at 20-23°C. The ratio 
of DNA to protein for the highest degree of complex 
formation was determined by mixing DNA and histones at 
dillercnt ratios. The smnples were then incubated for 45-
60 min by occasional shaking, centrifuged at 2000g for 15 
min and the mnount of DNA or protein released into 
supernalants were measured. Interaction of adriamycin 
with DNA-histone complex was carried out in two ways: 
( l) drug was first interacted with DNA and then histones 
were added. (2) Drug was incubated with whole histone 
and then DNA added to the solution. In both cases the 
binding was assayed using UV-260 spectrophotometer 
using wave length at 480, 260 and 230 nm. Data were cast 
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Fig. 2. Spectroscopic mcasurcmentsofthe binding of ndriamycin 
to DNA-histone. Oris total molar concentration of _ drug; 
drug in 50 111M tris buffer (control); 0--------) intcraction of 
histone with DNA-drug and;.... ... interaction of DNA 
with histone-drug complexes.The results are average of at least 
eight indcpendent experiments. 
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Fig. 3. Drawing CD (moles of bound drug) against CT(tata] molar concentration of drug), - Intl!rac\ion 
of his lone with DNA � drug. 0-------") intcrac;lion of DNA with histone - drug anu ..... ..... 
interaction of DNA with drug (control). Number of cxpcrinwnts were as indicated in Fig 2. 

in the form of a scatchard plot of riC, vs r where r is the 
number of moles of drug bound per mole of DN A base 
pairs and Cr is the concentration of [rce drug. J-I 

RESULTS 

The binding of adri;unycin to histone wld histone­
DNA complex was monitored by the changes occum:d in 
the absorption of uncomplexed materials remained in the 
supernatant. Intemction of whole histone with DNA pro­
duced an insoluble complex at different ratios. The daia 
illustrated in Fig. I shows thm the best ratio of histone to 
DNA for complete complex in solution was 2.5-4: I. There­
fore tile ratio of 3: I from histone to DNA was used 
throughout the following experiments. Adriwnycin binding 
experiments were performed at two states: (I) DNA was 
interacted with varous concentrations of drug by at least 30 
min incubation at room temperature or 37°C and then 
histone was added to DNA-drug complex (DNA-drug­

,histone), and (2) drug-histone complex was first made in 
the same condition and then DNA was added to the 

'
samples (histone-drug-DNA). A serial concentration of 
adrirunycin in tris buffer treated in the same way was used 
as a control. The results arc given in Fig 2. In all controls, 
adrirunycin alone, DNA-drug and histone-drug gave a 
straight line indicating that the binding of drug to both 
DNA and histone produce a soluble complex. Interaction 
of histone with DNA-drug complex showed a high de-
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crew;!! in the absorb::mces which wa�due to the insolubility 
of the complex. When DNA was interacted with 
histone-drug complex, the absorbance patlems were higher 
than the results obtained above indicating that the binding 
of drug to histone reduced the interaction of histone with 
DNA. Drawing C .. (molar concentmtion of bound drug) 
versus Cr (tot'� molar concentration of drug) showed that 
(Fig. 3) the binding is rapid at low concentrations of drug 
and reached a plateau (at 7 - 9xlQ·5 mole) which was an 
indicmion of saturation. At higher concl!l1lIations of urug. 
however, self aggregation of drug occurred giving a �hafp 
upward line. This pattern is morc obvious when the bind­
ing of drug to free DNA was also considered (Fig 3). 
Isotherms of the binding of adriamycin to DNA and DNA­
histone complex at two different states studied are given in 
Fig. 4. 

As is seen, for DNA, a cooperative scatchard plot was 
obtained whisll showed a positive slope at r< 0.1 (positive 
cooperativity). In the presence of histones, interestingly, 
each plO! showed a pronounced upward curvature, clearly 
suggesting strong anticooperativity orthe binding. Deter­
mination of n v;�ues (number of binding sites) by the 
extrapolation of scatchard plots at the point of r Cr=O 
reve,�ed 0.5,0.32 and 0.26 forthe binding of drug to DNA, 
DNA-drug-histone and histone-drug-DNA complexes. 
respectively. 
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Fig. 4. Scalc.:hard plots For A; the interaction ofhistont.!s with DNA-drug compic;'{ - and the binding of DNA 
to histone-drug complex. 0---------0 B; scntchard plot for DNA-drug complex. The data From lhree independent 
experiments were averaged. 

DISCUSSION 

Adriamycin is one of tile most effective antitumor 
drugs and its binding to DNA by intercalation has been 
regarded as a critical mechanism for drug action.3 

In eu­
karyotic cells DNA is not naked but is covered with special 
sets of proteins mainly histones. Therefore, the elucidation 
of the cenain sites of drug binding at the molecular level 

might penn it progress towards a more rational clinical 
application. This is only detected if the various chromatin 

components are taken into account. In this report, as a 

preliminary work. the bindingof adrimnycin to DNA in the 
presence of histone at designed experimental Slates was 

perfomed. The data indicated that adrimnycin, ap:ut from 

having a binding site on DNA, also shows high affinity for 

histones. If drug was ftrst interacted with histone, its 

binding to DNA was decreased as shown by a considerable 
change in the spectroscopic measurements. Binding iso­

therms obtained for the binding of adrimnycin to DNA 
represented a positive coopemtivity which is in agreement 

with the binding isothenns reponed e.1I"Iier
6 

In �le presence 
of his tones, scatchard plots showed anticooperati vity (nega­
tive cooperativity) Wi�l n values 01'0.32 for the interaction 
of his tones with DNA-adriamycin and 0.2 for the interac­
tion of DNA with histone-adriamycin complex. Although 
the interaction of drug with DNA has been extensively 

Sudied6.
l5

.
l6 

data about �le binding of drug to chromatin is 
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limited. Gyapay and Lapis and also other rcports" 
have 

shown that drug binds to nucleosomes and subsequently 
enhances DNA fragmentation by nucleases. Induction of 
considerable increase in the sedimenlation rate of isolated 
chromatin by adriamycin has also been rcpo�cd.

19 
Our 

finding toged1ef with the above mentioned results indicalc 
that the binding of adri:unycin to chromatin (DNA and 

histones) is not a simple process. Although a precise 
description of a mechanism of drug action is still impos­

sible, it is desirable to study the effect of drug on individual 
components, his tones and nonhistone proteins. to define 

further the action of adriamycin on DNA and chromo­
somal proteins. 
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