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Binding effects of DNA with two distamycin A analogues containing four and five l-methyl- 
pyrrole residues (distamycin A contains three of these residues) and with a degradation product 
of netropsin have been investigated by ultraviolet absorbance, melting and circular dichroism 
measurements. 

Increasing numbers of the methylpyrrole groups (3 to 5) enhance the thermal stability of the 
oligopeptide complex. On the other hand elimination of the basic groups of the netropsin mole- 
cule decreases the melting temperature of the oligopeptide * DNA complex enormously. The 
circular dichroism spectrum of DNA is also less affected by the degradation product compared 
to netropsin. Circular dichroism spectra of the complexes exhibit a pronounced band a t  the longer 
wavelength region and indicate an increasing chirality in the complex with increasing number 
of chromophores of the oligopeptides. 

From the results it is concluded that electrostatic attraction of the oligopeptides by interaction 
of the propionamidino and guanidino groups with the negative phosphate sites of DNA is impor- 
tant for the formation of the complex. However, non-ionic forces, which have been discussed 
earlier, seem to be involved and may be attributed to the chromophore residues oriented in the 
helical grooves. 

The different binding tendency of the oligopeptides with DNA is discussed together with the 
biological activity of the oligopeptides. 

The antibiotics distamycin A and netropsin are 
antiviral [1--31 and to some extent antibacterial 
compounds [4] which show strong binding effects 
to DNA in vitro [4--81. It has been demonstrated that 
interaction of these basic oligopeptides with DNA is 
accompanied by an (A + T) specificity and induces 
drastic changes in the double-helical conformation 
while the RNA conformation is relatively unaffected. 
There is little evidence for the role of the chromo- 
phores and basic groups of the antibiotics in their 
binding tendency to DNA. 

Very recently a series of compounds structurally 
related to distamycin A have been synthesized by 
Arcamone et al. [9,10]. Analogues of distamycin A 
with increasing numbers of methylpyrrole residues 
[lo] show enhanced antiviral activity compared to 
distamycin A [ll]. I n  respect to  the affinity of these 

Part of these results have been presented at the V .  Jenaer 
Molekularbiologischea 8ympoaium on Interaktionen bei BW- 
polymeren (28.8.--1.9. 1970) [12]. 
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oligopeptides to DNA their complex formation with 
DNA was of great interest. As a topographical in- 
vestigation of nucleic acid helices in solution the bind- 
ing effects of distamycin analogues and of a netrop- 
sin degradation product were compared with that 
of distamycin A and netropsin. The chemical struc- 
tures of distamycin A, netropsin and their deri- 
vatives distamycin A,, distamycin A, and netropsin 
derivative are shown in Fig.l. Distamycin A, and 
distamycin A, represent analogues of distamycin A 
with one and two additional l-methylpyrrole-2- 
carboxamide systems respectively, while in the ne- 
tropsin derivative the basic guanidino and propion- 
amidino groups have been eliminated. 

I n  the present work the behaviour of the oligo- 
peptide - DNA complexes with distamycin A and its 
analogues together with netropsin and its deri- 
vative has been investigated by ultraviolet absorban- 
ce, melting and circular dichroism measurements. 
The previously reported data on the melting be- 
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Fig. 1. Chemical structures of netropsin, distamycin and their derivatives 

haviour of DNA complexes with distamycin A and 
netropsin is included for comparison. Increasing 
numbers of methylpyrrole residues up to  five in the 
distamycin molecule increases the binding effects 
to  DNA considerably. Elimination of the basic 
groups of the netropsin molecule reduces the binding 
to  DNA. This observation is supported by the pro- 
nounced differences in the inhibition of the template 
activity of DNA in the RNA polymerase system with 
netropsin and its derivative. 

MATERIALS AND METHODS 
DNA samples used for measurements were de- 

scribed by Sarfert and Venner [13,14] : Streptomyces 
chrysomallus (A + T 28 mol-o/,) A,,, (P) 6200; 
Escherichia coli B (A + T 47 moLo/,) A,,, (P) 6500; 
calf thymus (A + T 58 rnoLo/,) A,,, (P) 6600; T2 
phage (A + T 62 moLO/,) A,,, (P) = 6500; Xarcina 
maxima (A + T 71 mol-o/,) A,,, (P) 6500. 

Netropsin and distamycin were products from 
the culture of Streptomyces netropsis JA 2814 as 
previously mentioned [7]. The distamycin analogues 
were kindly donated by M. Ghione and F. Arca- 
mone (Farmitalia, Milano). 

The derivative was prepared by degradation of 
netropsin with 0.2 N NaOH as described by Finlay 
et al. [15]. After a second alkali treatment the product 
was recrystallized from ethanol-water mixture. The 
material obtained was chromatographically pure and 
showed no antibacterial activity in contrast to ne- 
tropsin. 

DNA * antibiotic complexes were prepared by 
mixing equal volumes of DNA and antibiotic so- 

lutions with desired concentrations as previously 
described [7]. In  each case the antibiotic solutions and 
complex formation were made before starting the 
measurements. Stored solutions were never used 
since the analogues of distamycin in particular are 
more or less unstable in aqueous medium. The pH 
of the solutions was in the range 6.3 to  7 if not other- 
wise mentioned in the text. 

Melting curves were made with a Uvispek spec- 
trophotometer Model H-700 (Hilger & Watts Ltd., 
London) [is]. The pH was controlled by a pH meter 
M4 (Radiometer, Copenhagen). DNA * antibiotic 
complexes were measured against blanks containing 
the antibiotic solution of a corresponding concen- 
tration. 

Circular dichroism spectra were repeatedly mea- 
sured with a Roussel-Jouan dichrograph Model CD- 
185 using cells of 5-mm light path. Ellipticities were 
calculated on the basis of values known for 
the DNA samples [13,14]: A2,, ,~n~m = 180 (for most 
of bacterial and phage DNAs) and 200 (for calf 
thymus DNA). 

The RNA polymerase system was employed using 
the enzyme fraction IV according to the method of 
Chamberlain and Berg [17]. The final volume of the 
assay (0.25ml) contained: 25pmol Tris-HC1 pH 8, 
1.5 pmol MgCl,, 0.5 pmol MnCI,, 1.5 pmol2-mercapto- 
ethanol, 0.05pmol each of [32P]UTP, ATP, GTP, 
CTP, 11 pg calf thymus DNA and approximately 
20pg protein of the enzyme preparation. The in- 
cubation proceeded for 20 min at  37 "C and was stop- 
ped by precipitation with HC10,. After several wash- 
ings on GC filter (Whatman) the radioactivity was 
counted. 
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Fig.2. Ultraviolet-abaorption spectra of the DNA * distamycin complexes in  20 mM NaC10, at 0.2 ml OligopeptideIDNA-P; 
( I )  DNA; (11) DNA f distamycin A ;  (111) DNA f distamycin A,  

The triphosphates ATP, GTP, CTP were obtained 
from Boehringer Mannheim GmbH (Mannheim, 
Germany) ; [SZPIUTP (300 counts x min-l x nmol-I) 
was a gift of Dr R. Lindigkeit (Institut fur Zell- 
physiologie, Berlin). 

RESULTS AND DISCUSSION 

Ultraviolet Absorption and Thermal Melting 
Some characteristic absorbance changes of the 

DNA complexes with the analogues are listed in 
Table 1. In  accordance with the previously reported 
ultraviolet absorption spectra of the netropsin and 
distamycin complexes [8] the intensity of the ab- 
sorption a t  259nm and 280nm is hypochromic 
relative to native DNAin the absence of oligopeptides. 
This effect is most pronounced in the case of netrop- 
sin and distamycin A (Table 1). However, the ap- 
pearance of the absorption maximum around 325 nm 
and 340 nm is more characteristic for the behaviour 
of the oligopeptide upon interaction with DNA 
since DNA does not absorb in this region [8]. As 
indicated by Fig.3 and in Table 1, DNA shows 
no maximum around 325nm in the presence of 
netropsin derivative compared to the netropsin 
6' 

Table 1. Comparison of ultraviolet absorption of DNA * anti- 
biotic complexes of calf-thymus DNA 

Results are given on a molar phosphorus basis. Solutions con- 
tained 0.2 mol antibiotic per DNA-P and were measured in 

0.02 M NaClO, solution, pH x 6.5 

- - Native DNA 6.6 3.6 

DNA - netropsin 

DNA - distamycin A 5.8 1.85 - 1.75 
DNA * distamycin A, 6.4 2.5 - 2.96 

DNA * netropsin 6.0 2.75 1.05 - 

- derivative 6.2 3.3 0.3 

complex although lower absorbancies are found a t  
259nm and 280nm. On the other hand, the ab- 
sorption a t  340 nm of the distamycin complexes in- 
creases considerably by going from distamycin A to  
distamycin A, (Table 1 and Fig.2). The hyperchromi- 
city observed a t  the longer wavelengths can be ascrib- 
ed to changes of the chromophores of the oligo- 
peptides due to an orientation upon interaction with 
DNA [8,18]. I n  agreement with this interpretation 
the result of Table 1 also implies the importance of 
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Fig. 3. Ultraviolet-absorption spectra of the DNA * netropsin-derivative complex in 20 mM NaC10, at 0.2 mol oligopeptidel 
DNA-P; ( I )  DNA; (11) DNA + netropsin; (111) DNA + netropsin-derivative; ( I V ,  V )  after heating of ( I )  and (11) 

to 95OC 

the aliphatic basic groups and the methylpyrrole 
system for the binding process. 

Differences in the stabilizing effects of these 
oligopeptides are demonstrated by the melting be- 
haviour of the DNA complexes as shown in Fig.4 
and 5 .  At comparable conditions and constant molar 
ratio antibiotic/DNA-P the stabilization of the DNA 
double helix by distamycin increases with increasing 
number of methylpyrrole residues from 3 to 5 in- 
dicating enhanced shielding of the helix destabilizing 
forces. The hyperchromicity observed for the DNA 
complexes increases relative to DNA alone. This 
can be explained by a contribution of the oriented 
chromophores of the complexed oligopeptides to the 
absorbance change on heating since the oligopeptides 
absorb in this region [S]. In  the case of the DNA - distamycin A, complex (Fig. 4) there is still a hypo- 
chromic change on heating before the thermal tran- 
sition. A reasonable explanation for this absorbance 
decrease could be given by the assumption that some 
of the chromophores of the distamycin A, molecules 
become first oriented when loosening of the DNA 
base-pair arrangements appears in the premelting 
range. This would mean that not all methylpyrrole 

systems are fixed to DNA in some regions a t  room 
temperature because of the greater length of dis- 
tamycin A,. As shown further by Fig.4, the DNA 
* netropsin complex is extremely stable. Prolonged 
dialysis of this complex against 0.02 M salt does not 
decrease the melting temperature (see open squares). 
As an oligopeptide containing two methylpyrrole 
groups its melting region is near that of the distamy- 
cin A, complex with four methylpyrrole residues. 
However, the netropsin derivative has practically 
no stabilizing action on DNA a t  0.2 mol oligopeptidel 
DNA-P as can be seen in Fig.4. The plot of the in- 
crease of melting temperature vemw increasing molar 
ratios of oligopeptides/DNA-P demonstrates more 
clearly the differences of the melting behaviour 
between the corresponding DNA complexes (Fig. 5) .  
AT,  is about 21 "C a t  0.5 netropsin/DNA-P while 
the derivative shows a very low AT, of 2-3 "C 
(Fig.5A). The netropsin complex exhibits a sharp in- 
crease of T, up to  about 15 "C within a small con- 
centration range up to  0.05 netropsin/DNA-P ; then 
the curve becomes flatter. Contrary to the first as- 
cending part of the curve for netropsin a weak and 
smoothly increasing curvature is obtained in the case 
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Fig.4. Melting curves of DNA oligopeptide cmplexes in 
20 mM NaClO,, pH FS 6.5, 0.2 mol OligopeptidelDNA-P. 
Open squares of (B) were measured after dialysis for 27 h 
against the solution medium. Dst = distamycin; Nt = ne- 

tropsin 

of its derivative. A very similar different behaviour 
has been found for the increase of the DNA viscosity 
induced by netropsin and its derivative [19]. The 
hyperchromic changes support the differences of the 
melting temperature : DNA in the presence of ne- 
tropsin shows very low Ah values compared to  the 
DNA - netropsin complex (Fig. 5B). Consequently 
we may conclude from these differences that the 
strong binding of netropsin to DNA depends on the 
presence of the two basic centers, the guanidino and 
propionamidino groups. Fig. 5 A further indicates 
that the increasing stabilizing action of the distamy- 
cin analogues with increasing l-methylpyrrole-2- 
carboxamide systems is relevant for the whole con- 
centration range examined. This again reflects the 
contribution of the methylpyrrole groups to the bind- 
ing effect of the molecule. The main differences in 
the interaction process between the distamycin 
compounds and netropsin may be seen for the 
ratio below 0.07 mol OligopeptidelDNA-P (Fig. 5B). 
In  this region A T ,  of the netropsin complex is al- 
ways higher than that of the distamycin complexes 
while a t  higher ratios the distamycin A, complex 
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Fig.5. Variation of the increase in ( A )  the melting temperature 
and (B)  hyperchromicity of calf-thymus DNA with increasing 
ratio of mol oligopeptidelDNA-P at 20 mM NaClO,, pH 

FS 6.5. Dst = distamycin; Nt = netropsin 

shows greater stability. This initial rise of AT,  is 
more steep compared to distamycin A and its ana- 
logues. The differences are consistent with differences 
in their binding mechanism concluded from viscosity 
measurements [7,19]. Reinert [19] has shown that 
netropsin is bound to DNA without aggregation while 
the distamycin analogues may cause intra- and inter- 
molecular cross linking. Comparison with our melt- 
ing data of Fig. 4 and 5 suggests that netropsin is more 
tightly bound to DNA than the distamycin com- 
pounds. This may be explained by the presence of 
the two basic residues in the netropsin molecule, 
the guanidino and propionamidino groups, while 
distamycin A and its analogues contain only the 
latter. 

The effect of base composition on the melting 
of DNA - oligopeptide complexes is shown in Fig. 6. 
It may be seen that the stabilizing action of distamy- 
cin A, on DNA considerably increases with increasing 
(A + T) content similar to  distamycin A and ne- 
tropsin as previously [7] demonstrated. The very dif- 
ferent curves obtained for the (A + T) dependence 
of T, and of the hyperchromic changes (Fig.6, 
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Fig. 6.  Dependence of increase in melting temperature on base 
composition of DNA - oligopeptide complexes in 20 mM 
NaClO,, pH = 6.5. e, netropsin a t  0.2 mol/DNA-P; 0 ,  ne- 
tropsin-derivative a t  0.25 mol/DNA-P; w, distamycin A 
a t  0.5 mol/DNA-P; u, distamycin A, and 0,  a t  0.25 mol/ 
DNA-P. Inserted figure: Plot of (A + T) content of DNA 
versus Ah in the presence of netropsin and its derivative; 

conditions are those given above 

insert) between the complexes of netropsin and its 
derivative agree with the interpretation of the role 
of basic groups for the strong binding of this oligo- 
peptide to DNA. An (A + T)-specific small binding 
effect of netropsin derivative is still present. This 
could reflect a weak interaction of the methylpyrrole 
rings due to a specific affinity to (A + T)-rich do- 
mains of the DNA molecule. The observed AT,  of 
9.5 "C measured for poly[d(A - T)] - poly[d(A - T)] 
at 0.34 netropsin/DNA-P supports this interpreta- 
tion (Fig. 6 ) .  

Circular Dichroism 
Considerable information on the interaction spe- 

cificity of netropsin and distamycin with DNA and 
RNA has been obtained by optical rotatory dis- 
persion measurements [6]. The circular dichroism 
spectra of the DNA - oligopeptide complexes present 
direct indications for the conformational changes 
of the DNA helical structure and for additional chiral 
effects induced on reaction with netropsin, distamycin 
A and their analogues. The results are shown in 
Fig.7. The Cotton effect of native DNA around 
278 nm is reduced in the DNA * netropsin complex. 
At the same time a circular dichroism maximum 
appears a t  258 nm together with pronounced changes 
of the negative and second positive circular dichroism 
band around 245 nm and 220 nm, respectively. Ne- 
tropsin, distamycin A and the analogues are optically 
inactive. However, an optically active transition is 
induced upon binding of these oligopeptide structures 

I I I I I I I 

200 220 240 260 280 300 320 340 
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Fig. 7 .  Circular dichroism spectra of calf-thymus DNA on 
interaction with netropsin and its derivative in 0.02 M NaClO,, 
pH x 6.5, at 0.1 mol oligopeptide/DNA-P. - , DNA; ...... , DNA netropsin; ---- , DNA * netropsin-derivative 

to  DNA. The new circular dichroism band is observed 
for the netropsin complex in the vicinity of 
the 316 nm (Fig. 7) in agreement with our previously 
reported optical rotatory dispersion data [6]. I n  
this region the netropsin molecule absorbs but DNA 
does not [8]. This optically active transition is con- 
sistent with an absorption maximum found in the dif- 
ference spectrum of the DNA netropsin complex 
measured against netropsin between 320 nm and 
325 nm [8], as may be seen in Fig. 3. Comparison with 
the effect of netropsin derivative on the circular 
dichroism spectrum of DNA is important in inter- 
preting the spectra of the netropsin and distamycin 
complexes. As shown in Fig.3 there is no ultraviolet 
absorption maximum a t  325 nm in the presence of 
netropsin derivative. Apparently circular dichroism 
is more sensitive than the ultraviolet absorption 
measurement. Fig. 7 shows that the circular dichroism 
spectrum of the DNA-netropsin-derivative complex 
is intermediate between that of DNA and the ne- 
tropsin complex. The circular dichroism band around 
316 nm is considerably deformed. Little complex 
formation occurs due to  a weak interaction in the 
case of netropsin derivative which is in line with 
our melting measurements (Fig.4 and 5) and the 
viscosity data of Reinert [19]. The induced circular 
dichroism in the absorption region of the oligopeptide 
may be interpreted in terms of the appearance of a 
chirality in the bound netropsin molecules with ori- 
ented chromophores [chirality is used for dissym- 
metry as a more common and relevant term in stereo- 
chemistry; the term chirality being derived from the 
Greek (hand) is equivalent to handedness and char- 
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Table 2. Effect of the solvent on thermal stability of the 
DNA . antibiotic complexes 

Glycol solution (98O/,) contained 20 mM NaCIO, + 1 mM 
EDTA; measurements were made a t  0.25 mol oligopeptide/ 

DNA-P 

Oligopeptide AT, in 

in the DNA 20 mM NaC10, 7.2 M NaClO, Glycol (9S0/,) 

" C  " C  " C  

Netropsin 18.5 0.8s  24.8 
Netropsin- 

derivative 3.3 - - 
Distamycin A, 24.5 0.9 17.6 

* Concn netropsin = 0.5 mol/DNA-P. 

acterizes a molecule with a given conformation 
which shows no identity with its mirror image]. Con- 
sequently orientation of the chromophores should be 
suspected in the vicinity of the bases within the 
grooves of the helix. Since both the molecules netrop- 
sin and its derivative have the same two chromo- 
phores but differ in the nature of the terminal basic 
groups (c f .  Fig.1) it is very likely that strong elec- 
trostatic interaction between the basic residues of 
the oligopeptide and negatively charged phosphate 
sites fixes the molecule in such a way that the ar- 
rangement of the chromophores is maintained. 
Netropsin derivative contains only a weak basic 
amino group. Thus the slight interaction with DNA 
could be attributed to  the chromophore system. The 
interaction of the chromophores involves non-elec- 
trostatic forces [7,18]. Some indications are presented 
in Table 2 by comparison of AT, of the oligopeptide 
complexes with different environments. At 20 mM 
NaC10, distamycin A, shows the largest AT, com- 
pared to netropsin. Elimination of the electrostatical- 
ly active basic groups reduces the binding effect. 
At 7.2 M NaClO,, where both electrostatic and hydro- 
phobic as well as some other types of interactions 
are destroyed, AT, is practically zero for netropsin 
and distamycin A,. However in glycol medium 
containing 20mM NaC10, netropsin shows a high 
AT, opposite to  a much smaller stabilizing action 
of distamycin A,. Since glycol is ineffective in des- 
troying electrostatic forces this difference in AT, 
suggests that binding of the chromophore system 
involves other than electrostatic interactions. The 
contribution of the oligopeptide chromophores to  
the induced circular dichroism is also supported by 
the spectra of the distamycin analogues (Fig.8). I n  
the region of 290 to  360nm distamycin A, dista- 
mycin A, and distamycin A, show a negative and 
positive circular dichroism band when bound to 
DNA. The ultraviolet absorption spectrum shown in 
Big.2 reveals a maximum in the long wavelength 
region in agreement with the circular dichroism band 
around 360 nm. At a comparable ratio of 0.25 mol 
oligopeptide/DNA-P these circular dichroism bands 
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200 220 240 260 280 300 320 340 360 38( 
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Fig.8. Circular-dichroism spectra of calf-thymus DNA on 
interaction with distamycin A and its analogues in 0.02 M 

NaClO,, pH x 6.5, at x 0.1 mol OligopeptidelDNA-P 

Table 3. Circular-dichroism bands of DNA complexes 
DNA * oligopeptide lo-' lo-' 

X [ Y ]  a,=, X[YI complex a,.,, 

nm nm 
Netropsin 316 3.0 none - 
Distamyoin A 328 6.6 296 -1.2 
Distamycin A, 333 10.0 204 -4.0 
Distamycin A5 338 16.6 308 -7.9 

shift towards longer wavelengths and the magnitude 
of the ellipticity increases with increasing number of 
chromophores. The most important values are sum- 
marized in Table 3. The results are consistent with 
increasing chirality caused in the bound state of the 
oligopeptide molecule. This chiral effect is influenced 
by the number of chromophores. The changes ob- 
served in the shape ofthe circular dichroism spectrum 
of DNA are similar below 280 nm for netropsin and 
distamycin complexes (Fig.7 and 8). Some minor 
differences in this region may be explained by their 
different interaction mechanism as shown by the vis- 
cosity behaviour [7,19]. 
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It appears likely that the circular dichroism chan- 
ges reflect a perturbation of the DNA B-conformation 
which associates the binding process as previously 
discussed [6] .  As can be seen from the magnitude 
of the changes in the circular dichroism spectra be- 
low 280 nm the effect is enhanced with increasing 
number of chromophores (Fig.7 and 8). An alterna- 
tive explanation, that the circular dichroism spec- 
trum of the DNA - oligopeptide complexes reflect 
changes below 280 nm simply to the arrangement of 
the oligopeptides, cannot be ruled out. On the basis 
of the present data an exact geometrical orientation 
of oligopeptide chromophores to the bases cannot 
by given. Further work on this subject is in 
progress. 

Induced circular dichroism bands have been also 
reported for nitroaniline-labelled polyamines bound 
to  DNA or RNA [20,21], known as "reporter mole- 
cules". The methylpyrrole oligopeptides, however, 
show exceptionally high specificity to the DNA 
double-helical structure but not to RNA as evidenced 
by the complete lacking of optical rotatory disper- 
sion changes a t  the longer wavelengths region [6,7]. 
This difference agrees well with the absence of chan- 
ges in the ultraviolet absorption and melting behav- 
iour of RNA in the presence of netropsin [5 ,7] .  
I n  contrast to RNA, the DNA B-conformation is 

very sensitive for perturbation upon association 
with the oligopeptides as supported by the circular 
dichroism of the DNA complexes of the distamycin 
analogues. 

DNA- Template Activity 
in the RNA-Polymerase System 

It has been shown that the template activity 
of DNA in the RNA polymerase system is greatly 
inhibited by netropsin [S]. Since direct binding to the 
template is responsible for this inhibition in vitro, 
comparison with the action of netropsin derivative 
is of valuable interest. Fig.9 indicates no or very 
slight inhibition of the template activity by netrop- 
sin derivative up to 100 pM while netropsin causes 
a decrease to about 60°/,; 50°/,  inhibition is obtained 
a t  approximately 30 pM netropsin. At this molarity 
of netropsin derivative the template activity is 
10Oo/,. The results are in good agreement with the 
decreased affinity of netropsin derivative to DNA as 
observed in our physico-chemical measurements. 
Consequently the correlation of the differences be- 
tween the effects of netropsin and netropsin deriva- 
tive, found in the template properties and binding 
studies, again suggests that the inhibition is due to 
the interaction with the DNA. On the other hand 
the physico-chemical results can be used for inter- 
pretation of the molecular mechanism of the RNA 
polymerase system in vitro. 

2ol 
4 I 

50 100 200 300 
Oligopeptide h M )  

Fig.9. Comparison of the difference between the effect of ne- 
tropsin and its derivative on  the incorporation of U M P  into 
RNA at various concentrations of the oligopeptides. UMP in- 
corporation without oligopeptide was set as 100°/o, corre- 
sponding to 1000 counts/min per incubation mixture. De- 
tails are described under Methods. 0, netropsin; 0, derivative 

Table 4. Comparison between the effect of DNA-complex for- 
mation on physical-chemical properties and biological activity 
AT ,  was determined at 0.2 mol antibioticPNA-P. Results 
with the Vaccinia virus were taken from [ll]. Antibacterial 
activity was detected by the dilution test method using 
Xtaphylococcus aureus and E. w l i  as test strains. n.i. = no 

inhibition observed; n.d. = not determined 

Antiviral Minimal inhibition 

Antibiotic 
lo-' activity concn of bacterial 

X (vu'acc<niu growth with 

S. aureus E. coli 1 !?'Jmaxl virus) 

" C  pslml 

Distamycin A 12.0 6.5 100 5 >loo 

Distamycin A, 22.0 16.6 1000 12 >loo 
Netropsin 18.0 3.0 - 5 5 

Distamycin A, 15.5 10.1 400 n.d. n.d. 

Netropsin 
derivative 1.5 0.5 - n.i. n.i. 

Physico- Chemical Properties of the Complexes 
and Biological Activity of the Antibiotics 

In  Table 4 an attempt was made to compare some 
characteristic physico-chemical parameters of the 
DNA complexes with the biological effects of the 
antibiotics observed in vivo. According to the re- 
sults of Verini, Casazza and Fioretti [ll] the antiviral 
activity considerably increases with increasing num- 
ber of methylpyrrole residues. The binding effects 
indicated by the melting temperature AT, and the 
ellipticity ( y )  exhibit a similar increasing tendency in 
the distamycin series. In  dilution tests using S. aureus 
(SG 511) we found a very similar behaviour. Netrop- 
sin is known to interfere with the growth of various 
bacteria [15,22]. Netropsin and distamycin A show 
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comparable antibacterial action against Staphylo- 
COCCUS aureu8 (Table 4). However, differences in the 
antibiotic behaviour between netropsin, distamycin 
A and distamycin A, have been found against gram- 
negative bacteria. While netropsin inhibits E .  coli 
(SG 458) in concentrations of 5-10 pg/ml the dista- 
mycin antibiotics show, up to 100 p.g/ml, no remark- 
able inhibition effect. This may be explained with 
different penetration through the microbial cell walls. 
On the other hand differences of growth inhibition 
of bacteria (Table 4) of netropsin and its derivative 
correlate well with the extremely reduced interaction 
tendency of netropsin-derivative compared to ne- 
tropsin. From these observations one is tempted 
to conclude that there exists a correlation between 
the biological behaviour and the physico-chemical 
binding effects of the antibiotics. This could be an 
indication for the molecular mechanism in the mode 
of action observed in  vivo. Studies in  vivo with cul- 
tures of E .  coli have indicated that nucleic acid 
synthesis is inhibited prior to the protein synthesis [4] 
which can be explained by direct interference of the 
antibiotics with the DNA replication. However, 
direct evidence for the interaction of netropsin and 
distamycin with DNA in  vivo is still lacking. 

CONCLUSIONS 

As demonstrated by the present results the bind- 
ing effects of the DNA * oligopeptide complexes of 
netropsin and distamycin A are strongly influenced by 
variation of the chemical nature of the antibiotic 
molecules. 

With increasing number of 1 -methylpyrrole- 
2-carboxamide residues in the distamycin series 
the stabilizing action on the helix and the induced 
conformational changes of the DNA B-form is in- 
creased. 

The main electrostatic attraction of the oligo- 
peptide antibiotics to DNA can be attributed to the 
presence of basic groups, such as propionamidino 
and guanidino residues in the netropsin molecule 
and the propionamidino group in distamycin. 

From the results it is tempted to conclude that 
the specificity of interaction and the conformational 
changes are due to the chromophore systems linked 
to one or two ionic groups in the oligopeptide mole- 
cule. The interaction of chromophores involves non- 
ionic forces. It appeared reasonable to explain the 
induced circular dichroism bands a t  long wavelengths 
to chiral effects which could be caused by certain 
steric orientation of the oligopeptide chromophores 
in the vicinity of the bases. More definite conclusions 
need further detailed analysis of this subject. 

This binding tendency of the antibiotics to DNA 
explains well the inhibition of the DNA template 
activity by these types of oligopeptides in  vitro. 
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