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Abstract. Molecular modeling of the interaction of trypanocide aromatic guanyl hydrazones with B-DNA
showed that the preferential sites for interaction are the DNA minor groove AT rich regions, with hydrogen
bonding between the guanidine moiety of the drugs and the thymine O2, and the adenine N3. There is a
correlation between the total interaction energy and IDsg. © 1997 Elsevier Science Ltd.

Chagas’ disease is a serious Latin American illness, caused by the protozoa Trypanosoma cruzi, and is
responsible for much death and suffering in South America. The current chemicals used to treat this illness are
nifurtimox and benznidazol, both of which are not efficient when used to treat the chronic stage of the disease
and are toxic to the patients.* We have recently reported a new family of compounds that are active against the

trypomastigote forms of T. cruzi, the aromatic guanyl hydrazones (1).?
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The mechanism of action of these compounds, some of which are up to 25 times more active than the
current drugs,’ may occur in three different ways: (a) interaction with the trypanosome membranes, which are
negatively charged; (b) interaction with some specific enzyme of the parasite, and (c) interaction with its DNA.
In this work we investigate this last possibility, which is supported by previous experimental studies on the

interaction between other cationic drugs and DNA **
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In order to accomplish a preliminary molecular modeling of the interactions of the guanyl hydrazones
with B-DNA, we selected, according to their biological activity, the 7 representative compounds shown in Table
1. NOE experiments’ done on these molecules indicated that they were obtained in the E configuration.®

We first carried out a complete conformational analysis of each guanyl hydrazone in the E configuration
using the AM1 semiempirical method® and the CVFEF force field.'° This last one from the Discover 2.95%
molecular mechanics package.!' The B-DNA dodecamer d(CGCGAATTCGCG) was minimized using the

AMBER force field,'>* and then used for the simulations of its interaction with the most stable conformer of
each drug using the docking methodology,'"” also from the Discover 2.95% package, in a IRIS Indigo Silicon

Graphics® workstation. The best relative position of each drug in relation to the B-DNA double helix was found
by monitoring the intermolecular energy while manually changing the relative position of the drug and
simultaneously searching for the complementarity between the Connolly surfaces of both molecules.'® It was
found that the B-DNA double helix preferential site for interaction with the guanyl hydrazones is the minor
groove. The next step was the minimization of the drug inside the minor groove of the DNA using the
optimizers'® steepest descent, conjugate gradient and quasi-Newton-Raphson until an energy gradient of 0.01
kcal mol" A" was obtained. This process is necessary to allow the optimization of the manually model-built drug
orientation to seek maximal interaction with the DNA.? Finally, the whole DNA-guanyl hydrazone complex was
minimized, without any constraints, using the CVFF force field. In this last stage, the optimizers steepest descent
and conjugate gradient were used until an energy gradient of 1.00 kcal mol” A" was obtained. This procedure
avoids the occurrence of fortuitously overlapping atoms in the model. All the simulations were carried out using
a cut off distance of 5 A.

It must be pointed out that, in the docking methodology, the total intermolecular energy between two
molecules is computed by non bonded terms of a force field equation.'®*! This equation for the CVFF force field

is shown below:!!

Eier = XX (Ay /ry” -By /18 + qig; fery ),

where the two first terms are the Lennard-Jones (6-12) potential and the last one is the Coulomb potential. As
we carried out our the simulation in vacuum we employed a distance-dependent dielectric, er; , even 1. The
results are summarized in Table 1.

It can be observed that the most active compounds have stronger interactions with the B-DNA. To
investigate these results in a more quantitative way, we carried out a linear regression analysis using the mean
squares method from the SAS package.”> The plots of the total intermolecular energy between the guanyl
hydrazones and the B-DNA, as a function of log IDs, , are shown in Figures 1 and 2.




Trypanocide guanyl hydrazones with B-DNA 1799

Table 1. Total intermolecular energy between the guanyl hydrazones and the B-DNA dodecamer

d(CGCGAATTCGCG) and the IDs, of each guanyl hydrazone.

Compound R Total intermolecular energy (kcal) IDso (uM)
A 2,3-dimethoxy -281.90 225
B 2-bromo-4,5-methylenedioxy -268.70 237
C 4-chloro -283.91 274
D H -278.58 204.9
E 4,5-methylenedioxy -276.18 273.9
F 2-hydroxy-3-nitro -270.66 876.7
G 3-methoxy-4-hydroxy -266.38 4800

When all the data set is used the correlation between the total interaction energy and IDso is not
good (R? = 0.41) because compound B behaves very differently from all other compounds (Figure 1a).
Although we have not found a clear explanation for this fact, we believe that this behavior may be due to a
synergetic effect between the fused methylenedioxy group and the bromo group in the ortho position of the
aromatic ring in B. If compound B is taken out of the analysis a correlation index (R?) of 0.95 is found
(Figure 1b). Although the relevance of this correlation may not be definitely confirmed with the available
data, its meaningfulness is being tested with other guanyl hydrazones. The results of this work are being

used to choose the next synthetic targets in our search for better anti-trypanosome agents.
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Figure 1. Correlation between the intermolecular energy (En..) and IDse: (a) of all the drugs (R* =0.41)
and (b) of all the drugs excluding compound B (R* = 0.95).
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A clear lateral view of the complex of the guanyl hydrazone of benzaldehyde (IDsy 204.9 pM) and the
minor groove of B-DNA dodecamer d(CGCGAATTCGCG) is presented in Figure 3. [t can be observed that
there is a very good shape complementarity between both  Connolly surfaces and that the interaction involves
the guanidine moiety of the drug while its aromatic ring remains in the outer side of the groove. In Figure 3 it
can also be observed that the aromatic ring is not coplanar with the guanyl hydrazome moiety in the complex, in
agreement with our previous observation that a good molecular characteristic for activity is to have ortho-

substitution '

Figure 3. Interaction between compound D and the B-DNA dodecamer d(CGCGAATTCGCG).

In fact, all the complexed active drugs presented an angle between the aromatic ring and the hydrazone
planes greater than 43°, as shown in Table 2. This angle changes when a comparison is made between the most
stable conformer calculated with AM1 and the minimized conformation in the complex. Moreover, there seems
to be no correlation between this angle change and IDs, nor between the corresponding energy change and IDso.

The two less active drugs of this sample are those that present hydroxyl groups at the aromatic ring, but
no evidence of how this molecular singularity affects the formation of the complexes was found. It seems that the
guanyl hydrazone group has the optimal length for this kind of interaction (6.0 to 6.1 A). In all the cases studied
the B-DNA preferential site for interaction with the guanyl hydrazones is the AT rich region in the minor groove,
and it seems that this interaction occurs through hydrogen bonding between the guanidine moiety of the drugs
and the thymine O2 (as shown in Figure 3) and/or the adenine N3 of the B-DNA. This kind of interaction with
DNA have been found for other cationic drugs.’® One explanation for this preferential docking with AT rich

24

regions was given by Pullmann et.al* who made theoretical studies of the interaction between cationic
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compounds and B-DNA. Their study showed the predominant role played by the distribution of the electrostatic
potential in the minor grooves of nucleic acids, the most negative values being found in the minor groove of AT

rich sequences.

Table 2. Dihedral angle ¢ between the aromatic ring plane and the guanyl hydrazone plane.

Compound ¢ inthe free form ¢ in the complex A AE IDsp
(degrees) (degrees) (degrees) (keal) (M)

A 56.64 43.06 13.58 -28.68 22.50

B 85.18 73.29 11.89 -22.81 23.70

C 39.22 79.34 -40.12 -18.94 27.40

D 55.25 46.66 8.59 -17.21 204.9

E 51.08 68.65 -17.57 -22.27 273.9

F 50.57 38.85 11.72 -28.07 876.7

G 57.08 38.10 18.98 -25.83 4800

Our analysis shows that interaction with the minor groove of DNA is a plausible mechanism of action for
these compounds. The selectivity of this action against Trypanosoma cruzi, when compared to mammal cells,
may be due to facilitated permeation through the parasite cell membrane, induced by selective binding of the
drugs to the negatively charged exterior of the parasite.
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