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Spectroscopic binding studies of novel fluorescent
distamycin derivatives
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Abstract—Novel distamycin–porphyrin conjugates were synthesized and their interaction with calf thymus DNA was studied.
Minor groove binding of the distamycin part of the molecule was confirmed. The porphyrin part of the conjugates exhibited inter-
calation and the non-specific electrostatic interaction with the phosphate groups of DNA.
� 2007 Elsevier Ltd. All rights reserved.
The inhibition of DNA replication in rapidly growing
cancer cells or viruses is often based on the interaction
of small molecules with DNA. There are four possibili-
ties for small molecules to interact reversibly with the
B-form of DNA: (1) intercalation between base pairs,
(2) electrostatic interaction with negatively charged
phosphate groups, (3) minor groove binding and (4)
major groove binding. Each type of interaction causes
specific changes of the spectral properties of DNA
and/or the interacting molecule. Whichever change
occurs, the type of interaction can be confirmed.

Distamycin A containing three N-methylpyrrole units
connected by peptide bonds is a naturally occurring
antibiotic inhibiting transcription. It is a representative
of minor groove binders1 which are known to be specif-
ically bonded to A–T rich sequences of DNA.2 The pre-
ference for A–T rich sequences is explained by the steric
hindrance to binding caused by NH2 groups of guan-
ine.3 A positive electronic circular dichroism (ECD) sig-
nal in the distamycin range of absorption was induced if
distamycin-containing ligand was bonded to the minor
groove of DNA.4 ECD is useful for confirming the spe-
cific interaction of ligands with proteins and polynucleo-
tides. The secondary structure of the B-form of DNA
reflected in the positive band at 275 nm and the negative
band with slightly lower intensity at 245 nm is very sen-
sitive to the interaction with ligands.5 The toxicity of
parent distamycin limits its use in medicine, therefore,
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new distamycin analogues are synthesized and investi-
gated herein.

Our three newly synthesized derivatives contained a fluo-
rescent label (simple fluorescein for comparison or por-
phyrin) to increase the methods for studying the
interaction by fluorescence. Porphyrin shows a charac-
teristic Soret absorption band at 450 nm. Intercalation
of porphyrin with DNA is known to be connected with
a large hypochromicity and a negative induced ECD sig-
nal in this region. The minor groove binding of porp-
hyrin is accompanied by a small bathochromic shift of
the Soret band, and a small hypo- or even hyperchro-
micity and a positive induced ECD band in the Soret
region.6 If the external binding to the phosphate back-
bone is accompanied by self-stacking of porphyrins, an
exciton conservative ECD signal can be observed.7 To
study the influence of electrostatic binding, DNA can
be substituted by simple nucleotides as model com-
pounds. Unfortunately, all three distamycin derivatives
synthesized possess low solubility in water which is suffi-
cient for UV/vis, fluorescence and ECD measurements,
but insufficient to obtain 1H NMR spectra. The broaden-
ing of 1H NMR signals for shorter more soluble distamy-
cin analogues8 was observed when DNA was added. To
confirm the interaction by NMR, oligonucleotides were
used as model compounds for DNA. Changes in their
1H NMR spectra caused by additions of small amounts
of distamycin derivatives were observed.

Simultaneous use of all these spectroscopic methods
enabled us to identify the types of interactions between
distamycin derivatives and DNA.
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Figure 3. ECD titration of DNA by derivative I at different molar
ratios n(I)/nbp (bp means base pairs of DNA).
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Derivative I (Fig. 1) containing distamycin bonded to
fluorescein was prepared9 from nitrodistamycin.10

The synthetic protocol for the preparation of porp-
hyrin–distamycin conjugates II and III (Fig. 2) was
based on the quaternization reaction of the di-
methylaminoalkyl group of the distamycin derivative
with the corresponding tetrakis-(bromomethylphenyl)-
porphyrin derivatives.11

UV/vis12 and fluorimetry13 were used to observe the
changes in the spectra of individual derivatives caused
by the addition of DNA.14 During ECD measure-
ments,15 the induced ECD signal of the derivative and
changes in the DNA structures were observed when
the individual derivatives were added to a constant con-
centration of DNA.

Additions of DNA to ligand I caused small (<2%)
hypsochromic changes of the fluorescein absorption
band. Changes in the distamycin absorption band were
more intense but hard to quantify because of overlap-
ping with the absorption bands of DNA. The fact that
the changes in the fluorescein band were so small was
due to the long distance of the fluorescence label from
the site of complexation. If the parent fluorescein salt
was titrated with DNA, the absorption band of fluores-
cein did not change at all. This confirmed that the
observed small changes of the fluorescein band were
significant and caused by interaction of the distamycin
part of the ligand with DNA. The addition of simple
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Figure 1. Fluorescein–distamycin conjugate I.
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Figure 2. Porphyrin–distamycin conjugates II and III.
nucleotides to derivative I caused no significant changes
in the UV/vis spectra.

Similarly, very small changes in the fluorescence spec-
trum were observed. The reason is the same as for the
absorption spectra. If derivative I was added to DNA,
the induction of a positive ECD band in the distamycin
absorbance region at 340 nm and changes of the second-
ary structure of DNA were observed (Fig. 3). This
corresponds to specific minor groove binding of the
distamycin part of the ligand.4
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

235 285 335 385 435 485 535 585 635 685

λ [nm]

A
b

so
rb

an
ce

0:1

0.2:1

0.5:1

1:1

2:1

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

600 650 700 750 800
λ [nm]

F
lu

o
re

sc
en

ce
 in

te
n

si
ty

0:1

0.5:1

1:1

5:1

7:1

Figure 4. UV/vis (up) and fluorescence (down) spectra of the titrations
of derivative II with DNA at different molar ratios nbp/n(II) (bp—base
pairs of DNA).



Figure 6. 1H NMR titrations of oligonucleotide (dA–dT)7 with III at
different molar ratios n(dA–dT)/n(III).
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Figure 7. Bisdistamycin Tröger’s base conjugate.
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Significant hypsochromic effects were observed both in
the UV/vis and fluorescence spectra (Fig. 4) in the por-
phyrin region of derivative II.

A comparison with previous fluorescein–distamycin
conjugate allowed the changes in the spectra corre-
sponding to the distamycin and porphyrin parts of these
derivatives to be distinguished. Thus, the observed
intense changes in the UV/vis and fluorescence spectra
could be caused by the presence of porphyrin which
can intercalate into the DNA structure. The intercala-
tion should be accompanied by a significant red shift
of the absorption peak, but this effect was not observed.
An electrostatic interaction between the phosphate
backbone of DNA and the porphyrin part of the deriv-
ative is also possible because the porphyrin is positively
charged due to the presence of four tetraalkylated nitro-
gens. If nucleotides16 AMP, ADP, ATP and GMP as
model compounds for studying the electrostatic interac-
tion only were added to this derivative, qualitatively
similar changes in UV/vis and fluorescence spectra were
observed as if DNA had been added. This means that
the electrostatic binding through phosphate bonds due
to the presence of a positively charged porphyrin moiety
(not present in derivative I) plays an important role and
its influence cannot be distinguished from that of inter-
calation in the UV/vis and fluorescence spectra. A neg-
ative induced ECD signal at 450 nm for the porphyrin
part of the molecule and a positive induced ECD signal
at 330 nm for the distamycin part of the molecule
(Fig. 5) comply with the assumption that the porphyrin
part intercalates while the distamycin part binds to the
minor groove. The structure of the parent DNA (nega-
tive and positive signals between 230 and 300 nm) is
significantly influenced by additions of derivative II.

The spectral changes caused by derivative III were hard
to distinguish from those of II in the UV/vis and fluores-
cence spectra. Also, changes in the UV/vis and fluores-
cence spectra caused by additions of simple nucleotides
were very similar. The changes in ECD spectra were in
general less pronounced for III, especially those corre-
sponding to the distamycin signal. The 1H NMR titra-
tions17 of oligonucleotides18 with derivative III were
performed. Broadening of the signals in the aromatic
region of oligonucleotide (dA–dT)7 was observed
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Figure 5. ECD titration of DNA with derivative II at different molar
ratios n(II)/nbp (bp—base pairs of DNA).
(Fig. 6). On the other hand, no changes in the 1H
NMR spectrum occurred for (dG–dC)7. This
corresponds with the preference for distamycin bonding
to the A–T rich parts of DNA.

The same NMR experiments with oligonucleotides were
repeated for comparison with the bisdistamycin Tröger’s
base conjugate (Fig. 7). For this derivative, the interac-
tion with DNA through minor groove binding has
already been described.8 The same A–T preference was
observed for the Tröger’s base conjugate as for the
porphyrin derivative III.

In conclusion, we have shown that distamycin–por-
phyrin conjugates interact with DNA. The distamycin
part of the derivatives was found to bind to the minor
groove of DNA with preference for A–T rich sequences.
The porphyrin parts were found to exhibit two types of
interactions, intercalation and non-specific electrostatic
binding through DNA phosphate groups.
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