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The ground- and excited-state interactions of Pt(II) meso-tetrakis(4-N-methylpyridyl)porphyrin (PtTMPyP4) with
polynucleotides [poly(dG-dC)], and [poly(dA-dT)]. have been investigated using UV/visible, circular dichroism, and
steady-state and time-resolved emission spectroscopy. PtTMPyP4 intercalates into [poly(dG-dC)], with K ~ 10° M. When
bound to [poly(dG-dC)], in aerated solution there is a six-fold emission enhancement with 18 nm red-shift in emission
maximum. Emission lifetimes are biexponential. In the presence of [poly(dA-dT)], at least two distinct groove-binding
modes are observed, depending on the binding ratio. In [poly(dA-dT)], the emission intensity increases by a maximum
factor of 17 with no shift in the emission spectrum. Three exponentials were required for lifetime fitting. The lower extent of
emission enhancement in the presence of [poly(dG-dC)]. suggests that a slow electron transfer may take place to guanine,
which is significantly less efficient than that previously observed for PtTMPyP4 in the presence of guanosine 5'-

monophosphate (GMP). The results are compared to those previously recorded with free base H,TMPyP4.

Introduction

Even though studies go back almost forty years, there is still
very much interest in cationic porphyrins derived from meso-
tetrakis N-methylpyridyl porphyrin (H,TMPyP4, Fig. 1). This is
due to a variety of properties of potential use for biomedical
applications, including the ability to (a) bind strongly with
nucleic acids,' (b) photo-oxidise DNA and other biomolecules?
and (c) inhibit the telomerase enzyme by stabilising the
quadruplex form of guanine-rich DNA 3

Substitution of metals into the macrocycle allows the
structure and photophysics of the porphyrin to be tuned.
PtTMPyP4 (PtP) is formally square planar, similar to the free
base parent H,TMPyP4 (H2P), and has been shown to
intercalate into double-stranded DNA*7 and single-stranded
poly(dA).® The excited-state properties are quite different,
however, and by contrast with the short-lived fluorescence of
H2P, PtP exhibits long-lived luminescence at room temperature
(® ~ 2%, 1= 6.5 us,'® in deaerated solution), due to emission
from the triplet state, where the lifetime is influenced by the
heavy atom effect of the Pt atom.” As a result, the emission is
sensitive to its environment, especially the presence of
collisional quenchers (O,, CI').!%!! We have also shown that the
triplet state is strongly perturbed by stacking interactions with
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nucleic acid constituents, resulting in emission enhancement in
the presence of adenosine 5’-monophosphate (AMP) and
quenching with guanosine 5’-monophosphate (GMP).'° The
former is primarily due to protection from dissolved oxygen
quencher, while the latter we attributed to photoinduced
electron transfer from guanine to the PtP triplet state.

Here we extend our study to examine how these properties
translate to the case of polymeric DNA, and in particular
whether the electron transfer to guanine can also occur with
double-stranded systems. Furthermore PtP is an ideal
comparison to the well studied H2P, and allows the influence of
the Pt(II) metal on the ground and excited state properties to be
evaluated. We have therefore studied the interactions of PtP
with the alternating copolymers [poly(dG-dC)], and [poly(dA-
dT)], and compared them to those reported for free base H2P.

Fig. 1 Structures of H,TMPyP4 (left) and PtTMPyP4 (right)
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Experimental

Pt(I)TMPyP4 tetrachloride was purchased from Frontier
Scientific and used as received. Polynucleotides [poly(dG-dC)],
and [poly(dA-dT)],, salmon testes (st) DNA and poly(rA) were
obtained from Sigma-Aldrich and wused without further
purification. Polynucleotide concentrations are expressed in
terms of nucleotides unless otherwise stated, and were
determined using extinction coefficients of (dm® mol” cm™)
8400, 6600, 6600 and 9800 for [poly(dG-dC)],, [poly(dA-dT)],,
st-DNA and poly(rA), respectively. Concentration ratios in
binding experiments are expressed as [Nucl]/[Por] (DNA
nucleotide conc./porphyrin conc.) All experiments were
performed in 50 mM phosphate buffer (25 mM Na,HPO,, 25
mM NaH,PO,, pH 6.8). NaCl was not used due to the ability of
CI' to quench the triplet state of PtP.!® Concentrations of PtP
were determined using the published extinction coefficient (€40,
=172x10°M' cm™).

Absorption spectra were recorded on a Cary 50 UV/vis
spectrophotometer. Spectra have been corrected for dilution
(max 10%). CD spectra were recorded using 0.5 cm pathlength
cuvettes on a JASCO 810 spectropolarimeter with 8 spectral
accumulations. Steady-state emission spectra were recorded on
a Perkin-Elmer LS55 spectrofluorimeter operating in
phosphorescence mode. Where necessary, correction for
photomultiplier response in the red/near-IR region was made
using a solution of 4’-dimethylamino 4-nitrostilbene in
orthodichlorobenzene. For steady-state emission titrations,
excitation was into isosbestic points in the Q-band region (517-
523 nm) under conditions of optical dilution (A<0.1 in 1 cm
cell). Spectra were scaled for slight variations in absorbance at
the excitation wavelength and therefore are representative of
relative emission quantum yields. Relative quantum yields were
calculated by integrating the emission spectra. Emission
lifetimes were recorded on an Edinburgh Instruments FP920
kinetic absorption spectrometer using 355 nm excitation from a
frequency-trebled Nd:YAG laser (Spectron, 10 ns pulse width)
onto a Hamamatsu R955 PMT via a 600 nm long pass filter.
Data were fit to bi- or tri-exponential decay functions as
appropriate.

I(t) = ale_t/fl + aze_t/TZ + - (D)
Binding of the porphyrin to DNA was modelled using the
method of McGhee and von-Hippel with neighbour exclusion.'?

T 1-nr 1
C_p - K(l - nr) [1—nr+r]

(2)

In eqn (2), K is the apparent binding constant, C; is the
concentration of free porphyrin, » is the ratio of bound
porphyrin to total base pairs and »n is the number of base-pair

steps per bound porphyrin.
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Results

PtTMPyP4 and [poly(dG-dC)], — Ground State

Addition of [poly(dG-dC)], to PtP up to a [Nucl]/[Por] of 3
results in a substantial red-shift (14 nm) and maximum
hypochromism of 53 % (g47 = 7.77 x 10* M cm™) of the
Soret and Q bands in the UV/vis spectra (Fig. 2). An isosbestic
point was also observed at 417 nm. As the [Nucl]/[Por] ratio is
increased, there is a further 7 nm red-shift of the absorption
spectrum, and a slight hyperchromism (Fig. 2 inset). The
binding of PtP to [poly(dG-dC)], was measured from the
absorption spectra with a Scatchard plot according to the
method of McGhee and von Hippel (eqn 2), yielding K, = 3.6
x 10° M! and n = 2.9, implying that each binding event
precludes binding at two neighbouring sites (ESI Fig. S1). By
comparison, values of K = 7.7 x 10° M and n = 1.8 were
recorded for H2P-[poly(dG-dC)],, albeit at a higher ionic
strength (u = 0.2).lb

Absorbance

350

400 450 500

Wavelength (nm)

550 600

Fig. 2 UV/vis spectra of 6 uM PtP in the presence of increasing concentrations of
[poly(dG-dC)],. Inset top: change in absorbance at 401 nm; bottom; change in
Soret band absorbance at higher [Nucl]/[Por]. Spectral data corrected for
dilution.
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Fig. 3 Induced CD spectra of (a) 6 uM PtP in the presence of increasing
concentrations of [poly(dG-dC)], (b) 60 uM [poly(dG-dC)], in presence of
increasing concentrations of PtP. In 50 mM Na-phosphate buffer pH 6.8

As PtP is achiral, it does not produce a CD signal. However it is
expected to display an induced CD signal when bound to the
chiral environment of DNA. CD spectra were recorded under
two conditions: addition of increasing amounts of [poly(dG-
dC)], into a fixed concentration of porphyrin (Fig. 3a), and
addition of increasing amounts of porphyrin into a fixed
concentration of [poly(dG-dC)], (Fig. 3b). Binding to
[poly(dG-dC)], results in a negative induced CD signal in the
Soret region of PtP, with a broad positive signal at lower
wavelength. The minimum of the negative ICD was found to be
dependent on the [Nucl]/[Por] ratio. At low [Nucl]/[Por], when
there is a high concentation of porphyrin relative to
polynucleotide, the minimum is located at 407 nm. At high
[Nucl]/[Por], as more [poly(dG-dC)], is added, this is shifted to
422 nm. There is also a notable change in the CD spectrum in
the region (< 300 nm) where DNA absorbs (ESI Figs S2 & S3).

PtTMPyP4 and [poly(dG-dC)], — Excited State

Addition of [poly(dG-dC)], to an air-equilibrated solution of
PtP results in a six-fold enhancement in emission quantum
yield, in addition to an 18 nm red shift in the emission A,
(Fig. 4). Most of this spectral shift occurs with the early
additions of polynucleotide ([Nucl]/[Por] 0 to 1). The
phosphorescence decays can be fitted to biexponential kinetics.
The short component fits to ca. 1 ps, similar to that of unbound

This journal is © The Royal Society of Chemistry 20xx
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PtP (Fig. 4b), while the second component fits as 8.0 + 0.5 ps
(Fig 4b, ESI Table S1). The relative contributions of each
species plateaus at [Nucl]/[Por] = 3.5, similar to where changes
in behaviour were observed in the steady-state spectra. Similar
lifetimes for the long component were obtained when the first
component was fixed at 1 ps (the lifetime of unbound PtP in
air-equilibrated solution)'® in the fit (ESI Table S2). An average
lifetime was also calculated (<t>= Xa;t;/Za;), and the increase in
average lifetime (<t>/1y = 6) agrees with the increase in
quantum yield from the steady-state data. At high [Nucl]/[Por]
(7.8) the lifetime was compared for aerated and N,-flushed
solutions. The second component lengthens in lifetime from 9
us to 11.8 ps, yielding an O, kg value (~9 x 107 dm® mol™” s
similar to that reported for H2P-[poly(dG-dC)], (1.2 x 10® dm®
mol” s)® and for PATMPyP4 bound to a 5'-CG-3' step in a
double stranded oligonucleotide (1.1 x 10° dm® mol™ s71) !4
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Fig. 4 (a) Emission spectra of 6 pM PtP in the presence of increasing
concentrations of [poly(dG-dC)]; (Aexe = 523 nm). Inset: Change in relative
emission quantum yield with increasing [Nucl]/[Por]. Spectral data corrected for
variations in absorbance at 523 nm. (b) Kinetic plot and biexponential fit of 8 uM
PtP in presence of [poly(dG-dC)], ([Nucl]/[Por] = 2.8, Aexc = 355 NnM, Aem = 670
nm) % contribution = 100a;/2a;. In aerated 50 mM Na-phosphate buffer pH 6.8

PtTMPyP4 and [poly(dA-dT)],- Ground state

In PtP-[poly(dA-dT)], the change in the absorption spectrum is
less pronounced than in PtP-[poly(dG-dC)],, with only a 10 nm
red-shift and a maximum of hypochromism of 40% (g4;;, = 1.05
x 10° M cm™ at [Nucl]/[Por] = 3.3, see Fig. 5). The
absorbance of the Soret band increases again at higher

J. Name., 2013, 00, 1-3 | 3
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[Nucl]/[Por] ratios. Due to the lack of a defined end-point for
the titration, the binding data could not be fit using the McGhee
vonHippel method.

As with [poly(dG-dC)],, induced CD titrations were
performed in both directions, i.e. addition of polynucleotide to a
fixed concentration of porphyrin (Fig. 6a), or addition of
porphyrin to a fixed concentration of polynucleotide (Fig. 6b).
The spectra in both cases differ substantially from those
observed with [poly(dG-dC)],. At high [Nucl]/[Por] the
spectrum is dominated by a positive signal at 409 nm. At lower
[Nucl]/[Por] (i.e. with smaller [poly(dA-dT)], concentration),
the signal becomes bisignate (407 nm-/424 nm+). The presence
of two distinct spectral features is characteristic of at least two
binding modes, which are populated to varying degrees
depending on the relative concentrations of porphyrin and

polynucleotide.
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Fig. 5 UV/vis spectra of 6 uM PtP in the presence of increasing [poly(dA-dT)],
concentrations. Inset: (top) Change in absorbance at 401 nm with increasing
[Nucl]/[Por] (bottom) increase in absorbance at higher [Nucl]/[Por]. In 50 mM
Na-phosphate buffer pH 6.8. Spectral data corrected for dilution
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Fig. 6 Induced CD spectra of (a) 6 uM PtP in the presence of increasing
concentrations of [poly(dA-dT)], (b) 70 uM [poly(dA-dT)], in presence of
increasing concentrations of PtP. In 50 mM Na-phosphate buffer pH 6.8

PtTMPyP4 and [poly(dA-dT)]; - Excited state

Phosphorescence titrations of PtP with [poly(dA-dT)], in
aerated solution show a significant enhancement of emission up
to ®/®, = 17, but with no shift in emission A, (Fig. 7a). After
[Nucl]/[Por] ~ 3.5 the emission intensity drops, and there is a
slight red-shift in the emission A,,x (AL = 10 nm at [Nucl]/[Por]
=10). Notably, this is the same [Nucl]/[Por] region where the
CD  spectra change profile. The
phosphorescence lifetime decays were initially fit to
biexponential kinetics (similar to the PtP-[poly(dG-dC)],
experiment) with the first component of ca. 1 pus and a longer
component freely fitting to ca. 13 ps (ESI Fig S5 Tables S3 &
S4). However, in contrast to the PtP-[poly(dG-dC)], system,
better fitting residuals could be obtained with three
exponentials (see Fig 7b ESI Figs S6, Tables S5 & S6). When
the first component is fixed as 1 ps in the fit, two long
components (7.5 + 1.0 ps, 22 + 3 ps)* grow in with increasing
[Nucl]/[Por], though the 22 pus lifetime falls away at high
[Nucl]/[Por] (ESI Fig. S6, ESI Table S5). Although the
assignment of three exponentials should generally be treated
with caution, the resolution of two long lifetime components is
consistent with the dual binding inferred from the CD, UV/vis
and steady-state emission data. We suggest that the 22 pus
lifetime corresponds to the binding mode responsible for the

absorption  and

This journal is © The Royal Society of Chemistry 20xx
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bisignate CD signal, which predominates at lower [Nucl]/[Por].
At higher [Nucl]/[Por], the 7.5 ps species predominates, and
this corresponds to the postive CD signal at 409 nm. This

page5e6f16— —————————————Photochemical & Photobiological Sciences

Emission lifetime experiments returned a biexponential
decay, with one component of 1 us and another component of
6.5 us, somewhat shorter than those recorded by Zhang et al

assignment is also consistent with the drop in emission intensity (1.9 and 9.9 pus)® and Borsch (8 us).’

observed above [Nucl]/[Por] ~ 3.5.
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Fig. 7 (a) Emission spectra of 6 uM PtP in the presence of increasing
concentrations of [poly(dA-dT)], Inset: change in relative emission quantum yield
as a function of [Nucl]/[Por] ratio. (Aexc = 519 nm). Some spectra removed for
clarity. Spectral data corrected for variations in absorbance at 519 nm (b) Kinetic
plot and triexponential fit of 6 uM PtP in presence of [poly(dA-dT)], ([Nucl]/[Por]
= 2.5, Aexe = 355 nm, Ay = 670 nm). % contribution = 100a;/2a;. In aerated 50 mM
Na-phosphate buffer pH 6.8

Natural DNA

In order to compare our work to others in the field*” we also
studied PtP in the presence of mixed sequence DNA. UV/vis
absorption titrations show a strong hypochromism and red-shift
consistent with strong binding, as previously reported (ESI Fig
S8). The emission spectra has an initial increase in intensity,
followed by a spectral shift at higher [Nucl]/[Por]. The extent
of emission enhancement is similar to that found by Zhang et
al®. It is lower than that reported by Nyarko et al* and
Sabharwal et al,’ though it is possible that Cl” ions in the buffer
solution effectively quench the unbound species in the latter
study, resulting in a larger relative enhancement when the
complex is bound to DNA.

This journal is © The Royal Society of Chemistry 20xx
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Fig. 8 Emission spectra 6.6 uM PtP in the presence of increasing concentrations
of salmon testes DNA. Agc = 521 nm. In aerated 50 mM Na-phosphate buffer pH
6.8.

Table 1 Emission parameters for PtP in the presence of polynucleotides and
mononucleotides. Recorded in air-equilibrated solution, 50 mM Na-phosphate
buffer pH 6.8.

sequence AA (nm) I/Io  Tyouna (aer.)’
[poly(dG-dO)], 18 6 8.0 us
[poly(dA-dT)], 0,10 17 7.5 us, 22 us
ds-DNA 21 4 6.5 us
poly(rA) 5 14 13 us

AMP? 7 6 2.5 us, 6 us
GMP? 7 0.3 70 mns, 400 ns

“errors in lifetime are + 10% ° from ref. 10

Discussion

Binding to polynucleotides

Large changes in UV/vis spectra (hypochromism and
bathochromic shifts), and negative induced CD, suggest that
PtP intercalates between the GC base-pairs in [poly(dG-dC)],,
consistent with the behaviour observed for H2P and planar
metal derivatives such as Ni(INTMPyP4 and Cu(I)TMPyP4."
There has been much discussion on the mode of intercalation of
cationic porphyrins with DNA polymers. A symmetric
intercalation has been proposed for H2P in the 5'-CG-3'
step,’®!"” though a crystal structure of CuTMPyP4 in
[d(CGATCG)], suggests a hemi-intercalation with some
flipping out of the neighbouring base.'® The 5’-CG-3' step is
also believed to be the favoured site for intercalation by planar
metal derivatives (NiTMPyP4/PdTMPyP4)."

The slight shift observed in the induced CD of PtP bears
some resemblance to the behaviour of H2P in
[d(GCACGTGCQ)]," and (dG-dC);p*® and may be due to

J. Name., 2013, 00, 1-3 | 5
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saturation of intercalation sites at high [porphyrin]/[[DNA]
ratios (low [Nucl]/[Por]), whereby some porphyrin may be
forced to bind by an alternative mode such as external binding.
Other possibilities include a disortion of the helix, which has
been suggested to occur at high [pophyrin]/[nucleotide] ratios

in a number of studies on TMPy systems’'>

or to varying
distributions of the porphyrin amongst the two possible
intercalation sites (5'-CG-3' and 5'-GC-3").! Conformational
changes in the [poly(dG-dC)], helix are suggested by the
changes in the CD spectra below 300 nm (ESI Figs S2 & S3).

Fundamentally different binding behaviour is observed in
[poly(dA-dT)],. It is known that H2P and its metal derivatives
do not intercalate at AT-rich sites (possibly due to steric
interference from the T methyl group'® or to clashes with the
sugar-phosphate groups that are overcome only at GC sites
through partial melting.**) There has been significant work
done on the induced CD spectra of H2P in the presence of
[poly(dA-dT)],, and it has been proposed that a positive CD
signal corresponds to porphyrins bound in the minor groove,
while the bi-signate signal is due to porphyrins self-stacked
along the major groove.”> The CD data for PtTMPyP4-
[poly(dA-dT)], may hence be interpreted as follows. At high
[Nucl)/[Por], PtTMPyP4 binds mainly in the minor groove. At
low [Nucl)/[Por] (i.e. high relative porphyrin concentration)
most available sites become saturated and the porphyrins are
forced to stack along the major groove. Conversely, when the
[poly(dA-dT)], is added to the PtTMPyP4 the porphyrins can
initially occupy both sites, but will bind preferentially in the
minor groove when free sites become available at high
[Nucl]/[Por]. The shape of the excitonic induced CD signal has
been described as ‘extensively stacked’ while a reversal of the
signal implies ‘moderate’ stacking.”® The latter is not observed
in our spectra though it may be expected to be weak.

Triplet state dynamics

The enhancement in emission quantum yield and lifetime of
PtP in the presence of [poly(dG-dC)], contrasts with the
quenching we reported previously with GMP, which we
attributed to photo-induced electron transfer from guanine to
the PtP *mn* state.'” The greater ease of electron transfer to
in GMP vs. [poly(dG-dC)], is an
observation, as it contrasts with what has been found for other

guanine intriguing
photosensitisers such as naphthaldiimides or phenothiazinium
dyes®” where base-pairing to cytosine is found to make the
oxidation of guanine more favourable. This is also consistent
with recent electrochemical measurements such as those of
Shinde et al., which showed that the oxidation potential (E° =
1.22 V)*® was somewhat lower than that for isolated isolated
GMP (1.29 V,? 131 V.9, By contrast, other authors have
reported that there is an increased difficulty of oxidizing the
nucleobases in single-stranded or double-stranded DNA.*! The
increased lifetime of the PtP triplet state when intercalated into
the polynucleotide compared to that when complexed with
GMP may be associated with a number of factors such as (i) the
expected reduction in non-radiative decay of the excited state
as is well known for other intercalated photosensitisers, (ii)
better protection from oxygen quenching (iii) a decrease in the

6| J. Name., 2012, 00, 1-3

reduction potential of the porphyrin excited state when bound
to [poly(dG-dC)], as is shown by the red-shift in the
phosphorescence (see Table 1, the reduction potential of the
‘nn* state of unbound PtP has been reported as 1.47V vs
NHE).*? Another factor which will influence the rate of electron
transfer is the probable different geometry of the porphyrins
and guanine moieties,*> which unfortunately is not known (a
precise study of this latter factor would require carrying out the
photo-induced electron transfer in crystals, as has recently been
carried out with an intercalating ruthenium complex.)**

The behaviour is consistent with that observed with
H,TMPyP4, which undergoes less efficient fluorescence (i.e.
singlet state) quenching in H2P-[poly(dG-dC)], (k =4 x 10% s™")
than H2P-GMP (1.7 x 10° s™).3? Furthermore, the triplet state of
H2P is quenched by GMP but not by [poly(dG-dC)],.>**33¢ The
increase in triplet emission and lifetime observed in the current
study initially suggest that PtP, like H2P, does not undergo
electron transfer from the triplet state when intercalated in
[poly(dG-dC)],. However it is interesting to note that the PtP-
[poly(dG-dC)], triplet lifetime (aerated solution) is shorter than
that for PtP in [poly(dA-dT)],. By contrast, the triplet lifetime
of H2P-[poly(dG-dC)], (30 ps) is longer than H2P-[poly(dA-
dT)], (5.5 ps and 20.5 ps), and the rate constants for collisional
0, quenching are larger in the latter.’” Similarly, Bork et al
reported higher O, k; values for PATMPyP4 bound to an
oligonucleotide hairpin containing TA steps, which would
favour outside binding (2.5 x 10° dm?® mol™ s™), than for one
containing a 5'-CG-3' intercalation site (1.1 x 10® dm® mol™ s’
N, while Brun and Harriman have also observed a
significantly greater degree of protection from dissolved
oxygen in intercalated PdTMPyP4 vs an externally bound
derivative.®® Test experiments with PtP in the presence of
poly(rA) (to which TMPy metalloporphyrins have been shown
to bind strongly)*® show that binding increases the emission
intensity by a factor of 13 in aerated solution and 35 when
deoxygenated (ESI Figs S9 & S10). This enhancement is
notably more than for PtP-[poly(dG-dC)],. Therefore it is
possible that a (very) slow electron transfer does indeed take
place (k < 1 x 10° s™) for PtP-[poly(dG-dC)]».

The biexponential kinetics measured for PtP-[poly(dG-
dC)], suggest that there are two types of bound porphyrin. The
first component is similar in lifetime to that of unbound
porphyrin,
[Nucl]/[Por] values where no unbound species would be

however the experiments were conducted at
expected. Furthermore, T-jump experiments by Pasternack'’
measured the rate of dissociation of an intercalated porphyrin as
1.8 s, suggesting that it is unlikely that a photoexcited
porphyrin would escape from the intercalation site within its
excited-state lifetime.  The presence of two bound species is
also consistent with the [Nucl]/[Por] — dependent shifts
observed in the CD and phosphorescence spectra.

Interestingly, Chirvony et al observed two fluorescence
lifetimes (2.5 ns, 7 ns) for H2P bound to [poly(dG-dC)],.*
Notably the second component is longer than that of unbound
H2P (5 ns), leading the authors to suggest that some bound
porphyrin was not undergoing electron transfer. However it
may also be suggested that this 7 ns species is undergoing a

This journal is © The Royal Society of Chemistry 20xx
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weaker electron transfer, as its lifetime is still shorter than that
of H2P bound to [poly(dA-dT)],, 5'-AMP or natural double-
stranded DNA. A similar interpretation for the PtP system
would suggest that the 8 pus component corresponds to weakly
reactive porphyrin, while the ca. 1 ps component is that of a
more strongly quenched porphyrin.

Based on our assignment of the 7.5 ps and 22 ps lifetimes
in [poly(dA-dT)], to PtP in the minor and stacked in the major
groove, respectively, we can surmise that porphyrins in the
minor groove are more susceptible to non-radiative excited-
state decay and/or O, quenching. By comparison, H2P shows
lengthening in both S, and T, lifetime in the presence of
[poly(dA-dT)],, and two triplet decay constants for the bound
form have also been observed. Interestingly these lifetimes (5.5
ps and 20.5 ps) are similar to those we observe with PtP.
However, the authors of that study proposed that the longer-
lived component was that of minor-groove bound porphyrins,
where they suggested protection from dissolved oxygen would
be greater.

It is noteworthy that the lifetime of the bound form of both
PtP and H2P in [poly(dA-dT)], is longer than that of the
unbound porphyrin. As discussed earlier, CD data suggests
some ‘self-stacking’ interactions in the major groove, and these
may be expected to result in efficient quenching, rather than
enhancement, of the excited state.*' The observed enhancement
implies that any self-stacking interactions in the major groove
are not sufficient to quench the excited states.

Conclusions

PtP intercalates into GC base pairs in [poly(dG-dC)], and binds
to two sites in [poly(dA-dT)],, assumed to be the minor and
major grooves. The binding is similar to that observed with
H,TMPyP4. Despite the emission enhancement in PtTMPyP4-
[poly(dG-dC)], the data is consistent with a very slow
photoinduced electron transfer from the porphyrin triplet to the
guanine base, which is much less efficient than that recorded in
the presence of the GMP nucleotide. Large changes in the
that the
luminescence of air-equilibrated PtTMPyP4 has a more

phosphorescence yields and lifetimes indicate
sensitive response to DNA-binding than exhibited by the
the H,TMPyP4

demonstrating the usefulness of this molecule as a probe.

fluorescence  of analagous systems,
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Binding of PtTMPyP4 to synthetic polynucleotides poly(dA-dT), and poly(dG-dC), results in an
increase in triplet state emission quantum yield and lifetime.
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