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Evidence for Formation of DNA-bound Protonated Porphyrin Adducts even at pH 7
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An absorption and a positive circular dichroism (CD) band in the Soret region at451 nm and a fluorescent emission band
at 725 nm provide compelling evidence that the binding of a tentacle tetracationic porphyrin,
meso-tetrakis[4-{(3-trimethylaminopropyl)oxy}phenyl]lporphine (TOOPP), to calf thymus (CT) DNA leads to extensive
porphyrin protonation, even at pH 7, and that a protonated porphyrin can form DNA adducts with a binding mode

different from that of the unprotonated species.

The ability of porphyrins to associate with and/or to cleave
DNA and RNA has potential relevance to many medical and
biological applications of porphyrins.1-3 More recent applica-
tions are based on the antiviral*-S and anticancer® activities of
cationic porphyrins. In vitro structural studies of porphyrin-
DNA adducts are important in order to gain insight into the
factors which affect porphyrin biological activities. The
supramolecular DNA-porphyrin structures are also of intrin-
sic chemical interest, and the chemistry and structure of the
porphyrin and DNA may be changed by the interaction with
one another.

We have previously reported a comparison of the water-
soluble ‘tentacle’ porphyrins, TOOPP and meso-tetrakis[4-N-
(3-trimethylaminopropyl) pyridyl]porphine (T6pyP).? Both
porphyrins have a similar size and shape with four long

R R
TOOPP: R = O(CH,)sN*Me,

tentacle-like propyl chains terminated with an essentially
spherical N-trimethylammonium group. However, the ten-
tacles are attached to the porphyrin core by phenoxy linkages
in T6OPP and by pyridinium linkages in TOpyP. The
electron-donating ability of the phenoxy aromatic substituents
of TOOPP increases porphyrin basicity such that the species is
half protonated at pH 4.6, a value which is much higher than
that for TOpyP (pH ca. 1) and which establishes TOOPP as
having an electron rich porphine core. Spectroscopic and
viscometric studies indicate that T6pyP is an intercalator,
whereas TOOPP is an outside binder with self-stacking along
the DNA surface.”

For a cationic porphyrin, not only is the electron-richness of
the porphyrin core of TOOPP very unusual, but the flexible
tentacle arms represent a unique characteristic for an outside
binder. We present evidence that the DNA binding of TOOPP
promotes protonation of this porphyrin in a pH range
compatible with duplex DNA. This has allowed us to study for
the first time the DNA binding mode of a porphyrin with a
protonated core.

In Fig. 1, we present a titration of TOOPP (chloride salt)
with calf thymus (CT) DNA monitored by the Soret absorp-
tion spectrum. On addition of CT DNA, the Soret band was
red-shifted by 5 nm, and it decreased in intensity by 45% (R =
0.25, where R = [porphyrin]/[DNA base pairs]). These
changes are characteristic of outside binding with stacking.
The circular dichroism (CD) spectrum for this TOOPP : DNA
ratio (Fig. 2) reveals a strong conservative feature, charac-
teristic of outside self-stacking. This exciton type of spectrum
has been observed previously in several cases.”-12
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Fig. 1 VIS spectra of 7.5 pmol dm =3 TOOPP in the presence of various
CT DNA concentrations (R = [(TOOPP [/[DNA base pairs]). Unless
otherwise indicated, samples were at pH 7.0, with no buffer, 10 mmol
dm~—3 NaCl and spectra were measured immediately after sample
preparation. The sample at R = 0.01, pH 6.0 contained no buffer, and
its spectrum was measured one day after sample preparation.

At lower R values, the spectra changed. For example, at
R = 0.01 the visible spectrum contained a band at 451 nm at
pH 7 (carefully controlled without buffer). This band
increased with time, and it was much stronger at pH 6 (Fig. 1).
When the pH was raised to 8, the band disappeared. We
attribute this 451 nm band to a protonated TOOPP. In the
absence of DNA and at low pH, the Soret band of TOOPP was
observed at 445 nm. Thus, the red shift indicates that
protonated TOOPP can bind to DNA. An analogous red shift
of the fluorescence band from 705 to 725 nm is also consistent
with a protonated TBOPP bound to DNA. Likewise, there
was an induced CD band at 451 nm in the R = 0.01 solution
(Fig. 2). This band must arise from a DNA-bound porphyrin
species since no CD bands are possible for the achiral
porphyrin. A positive CD band is characteristic of an
unstacked, outside-bound porphyrin.8 Thus, the DNA bind-
ing favours protonation and the resulting protonated species
adopts a binding mode different from that of the unprotonated
porphyrin.

The addition of a proton to a nitrogenous base is ordinarily a
very fast process. It is of some interest that formation of the
bound, protonated TOOPP occurred on the time scale of
hours. This slow process cannot be the result of the protona-
tion step and probably involves a slow unstacking process.
Indeed, at high R (where stacking is favoured), protonation is
not very favourable, as indicated by the absence of the
characteristic bands at 451 nm. It is also noteworthy that the
451 nm band is very much weaker at pH 7 in the presence of
PIPES buffer [piperazine-N,N'-bis(2-ethanesulfonic acid),
data not shown]. The PIPES dianions appear to inhibit
protonation by stabilizing the stacked outside-bound form
(presumably by electrostatic interactions with tentacles not
directed towards the DNA).

Binding of a protonated porphyrin to DNA has not been
recognized previously; therefore, we cannot compare our
results with those for other porphyrins. However, we believe
that outside binding should be a general characteristic of such
protonated species. Protonation leads to doming of the
porphyrin.!3 Such doming will diminish stacking. Further-
more, both the introduction of positive charge in the centre of
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Fig. 2 CD spectra of 7.5 umol dm~3 TOOPP in the presence of various
CT DNA concentrations (R = [TOOPP}/[DNA base pairs]). Unless
otherwise indicated, samples were at pH 7.0, with no buffer, 10 mmol
dm~3 NaCl and spectra were measured immediately after sample
preparation. The sample at R = 0.01, pH 6.0 contained no buffer, and
its spectrum was measured one day after sample preparation.

the porphyrin and the decreased electron richness of the
porphyrin & system will also disfavour self-stacking.!4

In conclusion, this TOOPP-DNA system provides an
excellent example of the dependence of DNA binding modes
on porphyrin chemistry. The possible existence of bound
protonated species should be evaluated in all future investiga-
tions of porphyrin-DNA interactions.
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