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To elucidate the interaction mechanism of water-soluble copper(ll) tetrakis(éthylpyridyl)porphyrin (Cl-
(TMpy-P4)) with synthetic polynucleotides such as poly(dA-dand poly(dG-dGC) the exciplex formation
dynamics of photoexcited C(rMpy-P4) with added polynucleotides have been investigated by using
femtosecond transient absorption as well as transient Raman spectroscopic methods. The nanosecond transient
Raman spectra of CC(TMpy-P4) mixed with poly(dA-dT)clearly demonstrate the exciplex formation between
photoexcited CU(TMpy-P4) and poly(dA-dT). On the other hand, the exciplex formation of photoexcited
Cu'(TMpy-P4) with poly(dG-dC) is not so manifest as compared with that mixed with poly(dA,dTjhe
transient absorption of G(TMpy-P4) mixed with poly(dG-dG)exhibits a rise component of 1.3 ps in addition

to the very slow decay component{ 22 ns). This observation is quite different from that of!'CiMpy-

P4) in agueous solution or &I Mpy-P4) mixed with poly(dA-dT), because the exciplex formed in poly-
(dG-dC), if any, is so short-lived that it returns quickly back to four-coordinaté(TMpy-P4) intercalated

at poly(dG-dC), which blocks the axial coordination by water molecules and consequently gives rise to a
long lifetime @ ~ 22 ns).

Introduction soluble copper(ll) porphyrins with DNA or various synthetic
polynucleotides, several investigatiéis!2 15 have revealed the
exciplex formation between photoexcited copper(ll) porphyrins
and poly(dA-dT). On the contrary, no evidence on the exciplex
formation was found in poly(dG-dg)rom nanosecond and
picosecond transient RR spectra in our experiments. Kruglik
et al® explained the polynucleotide dependence of the exciplex
formation in terms of the secondary structural difference in the
two synthetic polynucleotides.

We investigated previously the photodynamics of copper(Il)
porphyrins in various solvents to examine the electronic nature
of the excited states involved in the energy relaxation pro-
cess'®1! |n those works, it was found that the overall decay
time of photoexcited copper(ll) porphyrins has a correlation with
the appearance of the transient Raman bands corresponding to
the exciplex formation between photoexcited copper(ll) por-
phyrins and nucleophillic solvents. In other words, the transient
Raman bands become weaker with a decrease in the lifetime of
the exciplex under the same experimental condition such as the
laser pulse width and the excitation power density. Furthermore,

) the lifetimes of the exciplexes are strongly influenced by
second transient resonance Raman (RR)and CARS (co- changing the solvents from oxygen- to nitrogen-containing

herent anti-Stokes Raman spectroscéfigehniques. These solvents. To investigate the dependence of the exciplex

studies have_d_emonstrated that the binding of nitrogen- or formation dynamics of CUTMpy-P4) on the nature of added
oxygen-containing solvent molecules to the central copper(ll) gy ihetic polynucleotides, we have carried out a comparative

metal of photoexpitgd copper(Il) porp.hyrins results in a drastic study on CU(TMpy-P4) mixed with poly(dA-dT) and poly-
decrease in the lifetimes of photoexcited copper(ll) porphyrins (dG-dC) by femtosecond transient absorption as well as
by lowering the energy of a quenching state below the normally transient RR measurements.

emissive?T/*T(xr,7*) states. As for the complexes of water-

Since Fiel et al. have shown that cationic porphyrins are
capable of interacting with DNA double helix, the interaction
of water-soluble porphyrins with biopolymers has attracted
considerable interest for the possible biomedical application.
Indeed, the two basic modes in porphyrin binding to biopoly-
mers can be utilized as models for the binding of anticancer
drugs. The previous studiesevealed that planar porphyrins
(four-coordinate) are exclusively intercalated at GC/CG sites
while porphyrins having axial ligand @&) form groove-bound
complexes at ATAT sites of DNA. Furthermore, porphyrins
such as hematoporphyrin derivatives are known to act as
photosensitizers in the photodynamic therédpin this case the
attachment of porphyrins to oligonucleotides exhibits a sequence-
specific photocleavage. Finally, it was recently reported that
porphyrins can inhibit HIV-1 function, the virus responsible for
AIDS 4

The photodynamics of copper(ll) porphyrins have been
extensively investigated by a variety of spectroscopic meth-
ods: picosecond transient absorpttofpicosecond and nano-
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(Logan, UT) and used without further purification. Samples ()

were prepared by mixing metalloporphyrin in phosphate buffer 7 E_/-“E"”—'E

solution (pH 7) with polynucleotide, keeping the porphyrin _ 08 /

concentration constant. The final porphyrin concentration was e §

approximately 0.5< 1075 M. All the transient Raman experi- _éo'e' -2 “omsiy,

ments were performed by flowing the sample solution through fosd —e—ty

a glass capillary (0.8-mm i.d.) at a rate sufficient enough to 02_//‘

ensure that each laser pulse encounters a fresh volume of the

Sample 00:0 UYS 1‘0 175 2‘0 25
The transient Raman spectra were obtained by using the 416 Concentration (x 10 M)

and 436 nm pulses, generated by the hydrogen Raman shifting
of the third (355 nm) and second (532 nm) harmonics,
respectively, from a nanosecond Q-switched Nd:YAG laser and
a combination system of a mode-locked Nd:YAG laser (Coher-

(b)

=~ 1345
1549

©
™
©
et

ent Antares 76S) and a Nd:YAG regenerative amplifier (Con- difference
tinuum RGA-20)1%11 The Raman spectra were collected with
a HR 640 spectrograph (Jobin-Yvon), a gated intensified
photodiode array detector (Princeton Instruments IRY700), and 2.10x104 M
a pulse generator (Princeton Instruments FG100).

The dual-beam femtosecond time-resolved transient absorp- 1.67x10-4 M
tion spectrometer consisted of a self-mode-locked femtosecond
Ti:sapphire laser (Spectra Physics, Tsunami), Ti:sapphire re- 1.25x10-4 M
generative amplifier (Quantronix) pumped by a Q-switched Nd:

. . 0.83x104 M

YLF laser, a pulse stretcher/compressor, and an optical detection
system. A femtosecond Ti:sapphire oscillator pumped by a 0.63x104 M
continuous-wave Ar ion laser produces a train of 60 fs mode-
locked pulses with an average power of 600 mW at 800 nm. 0.42x10-4 M
To generate high-energy pulses, the output pulses from the
oscillator were stretched and sent to a Ti:sapphire regenerative 2 021x104 M
amplifier pumped by a Q-switched Nd:YLF laser having ca.
150 ns pulse duration and 1 kHz repetition rate. The femto- %\J\\
second seed pulses and Nd:YLF laser pulses were synchronized ' ; : . | : — OIM i |
by adjusting an electronic delay between Ti:sapphire oscillator 1000 1200 1400 1600 1800 2000

and Nd:YLF laser. Then, the amplified pulse train inside the )
Ti:sapphire regenerative amplifier was cavity dumped by using Raman Shift (cm-1)

the Q-switching technique so that 10 000-fold amplification at Figure 1. Transient RR spectra of ¢(I'Mpy-P4) mixed with poly-

1 kHz was achieved. These pulses were compressed again tédA-dT). The porphyrin concentration and the laser power were kept
reduce the pulse width. The resulting amplified laser pulse had constant lower than 16 M and 1 mJ, respectively. (a) Measured

- intensity ratios of extra Raman bands to the corresponding ground-
a pulse width 0~120 fs and an average power of 300 mW at state ones as a function of added poly(dA-dTp) The series of

1 kHz repetition rate in the range 79840 nm. The pump  ansient Raman spectra of GUMpy-P4) agueous solution with
pulses at the desired wavelength were generated by frequencyncreasing the relative portion of the synthetic polynucleotide upon
doubling in a3-BBO crystal. These pulses were separated by photoexcitation at 416 nm. The top spectrum denotes the difference
using a dichroic mirror and then focused to 1 mm diameter spot between the RR spectra (see text).

at the 2 mm path length quartz cell containing the sample. The

reflected fundamental beam was focused onto a quartz windowconfiguration. The resultant signal modulated by a chopper was
to generate a white light continuum, which was again splitinto measured by a lock-in-amplifier and then fed into a personal
two parts: one for probing the transient and the other for the computer for further signal processing.

reference. The time delay between pump and probe beams was

controlled by making pump beam travel along a variable optical Results

delay line. The white light continuum pulses after the sample  \ye recorded the transient RR spectra of @Mpy-P4) in
were dispersed by an 18 cm focal length spectrograph (Scientific 3queous solution mixed with the two different synthetic poly-
Instruments) and then hit onto the dual 512 channel photodiodenycleotides, poly(dA-dE)and poly(dG-dG) Figure 1 displays
arrays (Princeton Instruments). a series of nanosecond transient Raman spectra '(fTGlpy-

The intensity of the white light of each 512 channel P4) in aqueous solution with a gradual increase of the
photodiode array was processed to calculate the absorptionconcentration of poly(dA-dE)keeping the laser power density
difference spectrum at the desired time delay between pumpand the porphyrin concentration constant. Photoexcitation with
and probe pulses. For precise measurements of decay profile.5 ns laser pulses at 416 or 436 nm produced the reversible
of transient absorption signals, the monitoring wavelength was transient Raman spectra without an indication of permanent
selected by putting an appropriate interference filter (iwlsm  photodegradation. The intensity ratios between the transient
10 nm) and then split into the two parts (probe and reference). Raman bands at 1549 and 1345%¢n(w, andv, modes) and
With chopping the pump pulses at 40 Hz, the modulated probe their corresponding ground state ones at 1570 and 1363%,cm
pulses as well as the reference ones were detected by photorespectively, have gradually increased with the addition of poly-
diodes. The output current was amplified with a homemade (dA-dT), (Figure 1a). The pure Raman spectrum of the exciplex
fast preamplifier, and then the resultant voltage of the probe was obtained by subtracting the Raman spectrum obtained by
pulses was normalized by a boxcar average with pulse-to-pulsephotoexcitation with low laser power density (not shown) from
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Figure 2. Series of picosecond transient RR spectra of (CMpy-

P4) mixed with poly(dG-dG)with increasing the concentration of the
polynucleotide with an excitation at 436 nm. The porphyrin concentra-
tion was ca. 0.5< 1075 M.
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Figure 3. Transient absorption spectra at various time delays fér Cu
(TMpy-P4) solution mixed with poly(dA-dE)(a) and poly(dG-dG)
(b). The concentrations of the porphyrin and polynucleotides are ca.
0.5 x 10%and 2.1x 104 M, respectively.

in the intensities of the transient Raman bands without a change
in the spectral feature.

To obtain further information on this complicated photody-
namics, we recorded the transient absorption spectra bf Cu
(TMpy-P4) in aqueous solution mixed with poly(dA-dTgnd

that measured by photoexcitation with high laser power density poly(dG-dC) as shown in Figure 3. The featureless broad

in solution with the polynucleotide concentration of 21104
M ([DNA pair]/[Cu"(TMpy-P4)] ~ 40). The difference spec-

absorption spectra of ®(rMpy-P4) in both polynucleotides,
however, are almost similar to each other except a weak broad

trum gives the transient Raman bands at 1638, 1549, 1450, 1345transient absorption maximum near 490 nm in poly(dG.dC)

1251, 1219, and 1187 crh respectively. The peak positions

and the spectral shift as expected from the red-shift in the

of the transient Raman bands are in good accordance with thosyround-state absorption spectrum of!CiMpy-P4) mixed with
assigned to five-coordinate exciplex formed between photoex- poly(dG-dC) as compared with that mixed with poly(dA-cT)

cited CY(TMpy-P4) and dioxane or tetrahydrofuran (THF)

(439 nm vs 428 nm of the Soret band maxima for [DNA-pair]/

solvent!®!! These observations strongly suggest that the [Cu(TMpy-P4)] ~ 50)15 Although there is no significant

structural nature of the exciplex of &I Mpy-P4) in poly(dA-
dT), is similar to that observed in other simple oxygen-
containing solvent&%11

It has been reporté®l®12-14 that the transient Raman bands
corresponding to the exciplex are not observed fot(TMpy-
P4) in aqueous solution and for that mixed with poly(dG-dC)

difference in the transient absorption spectra of @ py-P4)
mixed with the two different polynucleotides, the decay profiles
of the transient absorption signals exhibit interesting behaviors.
Figure 4 shows the transient absorption decay profiles of
photoexcited Ct(TMpy-P4) in various solvent environments.
In aqueous buffer solution (pH 7), the temporal profile of the

by using nanosecond laser pulses. We were able to observetransient absorption exhibits a biphasic decay (closed circles in
however, the transient Raman bands of'@Mpy-P4) in Figure 4a): the lifetime of a fast component is 3.2 ps and that
aqueous solution with an illumination of picosecond laser pulses of a slow one is 11.9 ps. However, the two decay time constants
(~70 ps pulse width); (Figure 2). To determine the precise are decreased to 1.4 and 10.3 ps, respectively, with a shift in
Raman frequency shifts of weak bands to appear as a shouldethe probe wavelength from 460 to 480 nm (closed circles in
of the intense ground-state Raman ones, the Raman band§igure 5a)t¢ The one-color pumpprobe transient RR spectra
around the’, mode are reconstructed by using Lorentzian line- by using the picosecond laser with 70 ps pulse width suggest
shape functions. From this simulation, we can see that the twothat the photoexcited relaxation dynamics of'CtMpy-P4) in
types of transient states (T&565 cnt?) and TS (1549 cnt?) aqueous solution reflect the exciplex formation through accept-
states) are involved in the decay process of photoexcitéd Cu ing water molecules as an axial ligatd.

(TMpy-P4) in aqueous solution. Moreover, the slight increase  The addition of small quantity of poly(dA-d7)0.5 x 1074

of poly(dG-dC) concentration induces an appreciable decrease M) to the aqueous solution of G(rMpy-P4) significantly
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Figure 4. Decay profiles of photoinduced absorbance changes bf Cu . ) .
(TMpy-P4) in agueous solution and mixed with poly(dA-¢Td) and Figure 5. Decay profiles of photoinduced absorbance changes f Cu

poly(dG-dC) (b) in phosphate buffer (pi 7) monitored at 460 nm.  (TMpy-P4) mixed with poly(dA-dT) (a) and poly(dG-dG) (b)

The average power of the pump pulse at 400 nm is about 8 mW at 1 monitored at 480 nm. Thg long-lived components with the time
kHz repetition rate. The lifetime of the long-lived component shown Cconstants of 2.3 and 22 ns in (a) and (b), respectively, are the same as

in (a) ( ~ 2.3 ns) was measured by the moving the optical delay line Shown in Figure 4.
in the long range. The lifetime of the long-lived componenty( 22
ns) was taken from ref 15 based on the time-resolved emission aqueous solution as in the case of poly(dA-dEplution.

measurements. However, there is an apparent rise component with a time
) . o constant of 1.3 ps in addition to the very slow decay component
increased the amplitude of a slow component as shown in Figureat high concentration of poly(dG-dgj2.1 x 104 M). The

4a. The curve fitting of transient absorption decay profile sjmijlar rise component for TMpy-P4) in aqueous solution
exhibits a I’e|atlve|y fast Component with a lifetime of 4.5 Ps in mixed with poly(dG_dCﬂ was again observed at 480 nm while

addition to a very slow component ¢~ 2.3 ns). The more  cy/(TMpy-P4) solution mixed with poly(dA-dB)does not show
poly(dA-dT), is added to the porphyrin solution, the larger ise component (Figure 5).

becomes the amplitude of the slow component. Moreover, no

fast decay component was observed in the transient absorptioryic.,ssion

decay profiles measured with the addition of large quantity of

poly(dA-dT) (2.1 x 1074 M). Since the concentration of poly- Figure 1 shows the intensity ratio of the transient Raman
(dA-dT), employed in the above experiment is high enough to bands ¢, andv4 modes) relative to their corresponding ground-
result in the formation of the exciplex with photoexcited'€u  state Raman ones in &TMpy-P4) mixed with poly(dA-dT).
(TMpy-P4) in agueous solution (see Figure 1), the contribution At lower concentrations of poly(dA-d7,)the transient Raman

of water solvent to the relaxation process of photoexcited bands gain rapidly their intensities with an increase in the
copper(ll) porphyrins is probably negligible as compared with polynucleotide concentration. But the ratio becomes almost
that of poly(dA-dT). The large increase in the lifetime of the constant at higher concentrations of poly(dA-8TJhese results
transient species upon addition of poly(dA-g19 Cu'(TMpy- suggest that poly(dA-d¥%)is the major exciplex-forming site
P4) in aqueous solution was similar to that observed as THF or with photoexcited CY(TMpy-P4). On the other hand, water
dioxane solvent was added to the aqueous solution d¢f Cu molecules probably participate in the decay processes of
(TMpy-P4)10.11 This similarity provides evidence to account photoexcited copper(ll) porphyrins at lower concentrations of
for the appearance of the transient Raman bands correspondingoly(dA-dT),. If this is the case, the transient absorption decay
to the exciplex formation of photoexcited GTMpy-P4) with profiles measured at high concentrations of poly(dA.dhHown
poly(dA-dT). On the other hand, the decay profile of photo- in Figures 4a and 5a are attributable to the decay of the exciplex
excited CU(TMpy-P4) mixed with poly(dG-dG)is different formed between photoexcited GUiMpy-P4) and poly(dA-dT).

from that obtained in the presence of poly(dA-gd{Rigure 4). However, the decay profiles measured at lower concentrations
The decay profiles measured at the two different poly(dG,dC) of polynucleotides are probably competitive processes in the
concentrations exhibit an appearance of a very slow componentexciplex formation of photoexcited copper(ll) porphyrin with
(r ~ 22 ns}® as compared with that of ¢({rMpy-P4) in water and polynucleotide. In other words, the fast and slow
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components observed at lower concentrations of polynucleotidesthat the increase of poly(dG-dCroncentration reduces the
are attributable to the exciplex formation with water and poly- intensities of transient Raman bands significantly as shown in
(dA-dT),, respectively. These considerations demonstrate thatFigure 2, because the intercalation of'CIMpy-P4) into poly-
the photodynamics of the exciplex play an important role in (dG-dC) hinders the exciplex formation of photoexcited'€u
the appearance of transient Raman bands with nanosecond lasdif Mpy-P4) through the axial coordination by water molecules.
pulses as well as the overall photodynamics of copper(ll)  This behavior probably is responsible for the rise component
porphyrins mixed with synthetic polynucleotides. observed in the transient absorption decay profiles of-Cu
Recently, Kruglik et af investigated the current system by  (TMpy-P4) in aqueous solution mixed with poly(dG-dCMore
transient absorption spectroscopy with a time resolution of 10 specifically, the exciplex formation of photoexcited'CTMpy-
ps, reporting that the exciplex is formed by the binding of one P4) with poly(dG-dC) through the binding of nitrogen atom
of CO groups of thymine residue of poly(dA-gTin the lowest of cytosine residue is so unstable probably due to the unfavor-
excited triplet state of copper(ll) porphyrins. The lifetimes of able conformation of poly(dG-dg) Thus the rise component
the triplet state and the exciplex were reported to be 35 ps andwe observed is responsible for the fast dissociation process of
3.2 ns, respectively, from the decay of the bleaching of the Soretexciplex between photoexcited G@TMpy-P4) and nitrogen
band at 417 nm. In our experiments, however, the transient atom of cytosine residue to generate relatively long-li¥&t
absorption decay profiles at 460 and 480 nm at the concentrationT (7z.7*) manifold of Cu'(TMpy-P4). An alternative explana-
of 2.1 x 104 M poly(dA-dT), do not exhibit any rise tion can be made that the rise component we observed in
components with our time resolution (150 fs). No evidence CU'(TMpy-P4) in aqueous solution mixed with poly(dG-dC)
was found for several tens of picoseconds decay which wasis mainly induced by the fast deactivation process from the
assigned to the time constant of the triplet excited staBnce initially excited singlet state to théT/*T(sr,7*) manifold of
the wavelengths of 460 and 480 nm are far from the ground- CU'(TMpy-P4). The previous investigation on GtPP in
state absorption region, the transient absorption signal is honcoordinating solvents, however, demonstrates that the
supposed to be originated from the excited state. Thus we canunperturbed B- or Q-excited singlet states have lifetimes shorter
suggest that the transient absorption signals at 460 and 480 nnthan 350 fs.  Thus, the rise component irl' GiMpy-P4) mixed
result from the formation of the exciplex. These experimental With poly(dG-dC} s probably not caused by the relaxation from
observations indicate that the exciplex of /CTMpy-P4) with ~ the initially excited singlet state.
poly(dA-dT), is formed within our laser pulse width (150 fs). Meanwhile, the previous nanosecond transient Raman stud-
Thus these results strongly suggest that the exciplex is formedies' revealed that the extra transient Raman bands induced by
not in the lowest excited triplet state which is rapidly populated the exciplex formation are observed in'CTMpy-P4) solution
from the initially excited singlet state through the binding with mixed with a 32-mer containing 26 possible GC/CG sites and
solvents or polynucleotides employed. only one ATAT site with 8 ns laser pulses, even though most
The intensity changes of the transient Raman bands bf cu €OPPer(ll) porphyrins are expected to be intercalated at GC/
(TMpy-P4) and the appearance of the rise component dependingCG sites under this copdltlon. Strahan qf“ahterpreted the
on the types of polynucleotides suggest that the excited-state®20ve abnormal ex_perlmlental results by introducing a translo-
dynamics of Cl(TMpy-P4) mixed with poly(dA-dT)and poly- cation of photoexcited C{TMpy-P4) from the intercalation

(dG-dC} are different each other. The transient Raman bands SIt€S at gC/CG pairs to the groove binding at ATAT site,
induced by the exciplex formation should have been detected P&cause UTMpy-P4) solution mixed with only poly(dG-d¢)
in the transient Raman spectra of 'CTMpy-P4) mixed with does not exhibit any extra transient Raman bands under the same

poly(dG-dC), because the decay time of the transient absorption &XPerimental condition. Thus the observed rise component (
for CU'(TMpy-P4) solution mixed with poly(dG-dG)s long ~ 1.3 ps)is p(obably responsible for the translocation process,
enough to give rise to the transient Raman bands by the although the time constant 6f1.3 ps seems to be too short for

picosecond laser excitation. These experimental observationgiS Process to occur. But it is interesting to seek the reason

1 in! _
indicate that the transient absorption spectra shown in Figure N transloc;altlpn prpc%ss .or?curls 30 fast 'rr‘] (CWpy-P4)
3b observed in C(TMpy-P4) aqueous solution mixed with ~2dUEOUS SO ution mixed with poly(dG-dC) The numerous
poly(dG-dC) is attributable not to the exciplex formation but |n_vest|gat|ons on the binding mode of metalloporphyrins W'Fh
to the2T/4T(,7*) manifold, because the intercalation of Gu biopolymers unequivocally demonstrated that planar porphyrins

(TMpy-P4) at GC/CG sites blocks water molecules to ligate to (four-coordinate) are exclusively intercalated into GC/CG sites,
photoexcited CH{TMpy-P4) as an axial ligand while axially ligated porphyrins (five-coordinate) form groove-

. . . bound complexes at ATAT sités.Thus the five-coordinate
The previous spectroscopic investigations revealed that the

s . ; .~ ~exciplex formed through the binding of nitrogen atom in
In‘_etlmes of the_e>_<C|pIexes of copper(ll) porphyrins formed W|th cytosine residue of poly(dG-d€jo photoexcited CY(TMpy-
nitrogen-containing solvents are much shorter than those with

- & h ¢ ool h P4) probably has a strong tendency to change its binding mode
oxygen-containing on ._In the case of po y(dA-dB) the from the intercalation site to the groove binding one. On the
lifetime of the resultant five-coordinate exciplex through the

other hand, upon photoexcitation GliMpy-p4) groove bound
ligation with the CO group in thymine residue is long enough Pon p WMpy-p4) g

. . to poly(dA-dT), forms five-coordinate exciplex easily with the
to exhibit the transient Raman bands by nanosecond laser pulses=o group of thymine residue. This dramatic alternation

_However, the five-coordinate exciplex, which might be formed between the two binding modes of copper(ll) porphyrins with
in poly(dG-dC}, should decay much faster due to the ligation 5 change in the nature of polynucleotides plays an important
with the nitrogen atom in cytosine residue in its duplex because q in the exciplex formation process.

this polynucleotide does not contain oxygen atom capable of
forming the exciplex with photoexcited (T Mpy-P4). How-

ever, the exciplex of photoexcited QT Mpy-P4) with poly- Conclusion

(dG-dC} is believed to be short-lived, if it is really formed, To elucidate the interaction mechanism of''CtMpy-P4)
probably due to the instability of the exciplex induced by the with polynucleotides such as poly(dA-¢Tand poly(dG-dG),
difference in the secondary structure between poly(dA-dmj the exciplex formation dynamics of photoexcited''CtMpy-

poly(dG-dC). This argument is consistent with the observation P4) with added polynucleotides has been investigated by using
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femtosecond transient absorption and transient Raman spectro-

scopic methods. The photoexcitation decay dynamics d8f Cu
(TMpy-P4) mixed with poly(dA-dT) is much different from
that mixed with poly(dG-dG) because the exciplex formed in

J. Phys. Chem. A, Vol. 101, No. 30, 19%417

(2) (a) Paraseuth, D.; Gaudemer, A.; Verlhac, J. B.; Kraljic, |.; Sissoeff,
I.; Guille, E.Photochem. Photobiol986 44, 717. (b) Reszka, K.; Hartley,

J. A; Lown, J. WBiophys. Chem99Q 35, 313. (c) Le Done, T.; Perroualt,

L.; Helene, C.; Chassignol, M.; Thuong, N.Biochemistryl986 25, 6736.
(d) Praseuth, D.; Gaudemer, A.; Verlhac, J.-B.; Kraljic, |.; Sissoeff, I.; Guille,

poly(dA-dT), was clearly demonstrated by nanosecond transient E- Photochem. Photobioll986 44, 712. (e) Kelly, J. M.; Murphy, M. J.

Nucleic Acids Resl985 13, 167. (f) Fiel, R. J.; Dattagupta, N.; Mark, E.

Raman and femtosecond transient absorption spectra. The; . Howard. J. CCancer Res1981 41, 3543.

transient absorption decay profiles measured ith(TMpy-P4)
mixed with poly(dA-dT» give only the slow component (~

(3) (a) Mojzes, P.; Chinsky, L.; Turpin, P.-Y). Phys. Chem1993
97, 4841. (b) Tasternack, R. F.; Gibbs, E. J.; VillafranceBidchemistry

2.3 ns) without a rise component. The nanosecond transient1983 22, 2406. (c) Sari, M. A.; Battioni, J. P.; Dupre, D.; Mansuy, D.; Le

Raman spectra and transient absorption decay profiles '6f Cu
(TMpy-P4) mixed with poly(dA-dT) clearly indicate that

polynucleotides and water molecules compete each other in the,g, ¢

exciplex formation with photoexcited ¢(rMpy-P4), because
Cu'(TMpy-P4) is believed to be groove-bound at poly(dA-gT)

Pecq, J. BBiochemistry199Q 29, 4205. (d) Slama-Schwork, A.; Lehn,
J.-M. Biochemistry199Q 29, 7895.

(4) Sessler, J. L.; Cry, M. J.; Lynch, M. Am. Chem. S0d.99Q 112

(5) (a) Gouterman, M. IiThe PorphyrinsDolphin, D., Ed.; Academic
Press: New York, 1978; Vol. Ill, Chapter 1. (b) Case, D. A.; Karplus, M.

sites. On the other hand, upon increasing the relative concentraJ. Am. Chem. Phys1977 99, 6182. (c) Antipas, A.; Dolphin, D.;

tion of poly(dG-dC) in Cu'(TMpy-P4) aqueous solution, the
trace of the exciplex formation between photoexcited'-Cu

(TMpy-P4) and water molecules disappears in the picosecond g
transient Raman spectra. In addition, the transient absorption

of Cu'(TMpy-P4) mixed with poly(dG-dG) exhibits a rise
component of 1.3 ps in addition to the very slow decay
component £ ~ 22 ns). The short rise component might be
attributable to the short-lived unstable exciplex between pho-
toexcited Cti(TMpy-P4) and nitrogen atom of cytosine residue
in the intercalation site of ploy(dG-dg) The long-lived
component{ ~ 22 ns) which was measured by time-resolved
photoluminescence for (rMpy-P4) in poly(dG-dC) indicates

the decay from th&T/*T(zr,7*) manifold of CU'(TMpy-P4).
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