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Abstract

Optical absorption and fluorescence spectroscopies were employed in the study of the interaction between
synthetic -dopa (dihydroxyphenylalanine) melanin and the cationic porphyrins tetrakis(4-W-methylpyridyl)
porphyrin (TMPyP), tetrakis(4-N-benzylpyridyl)porphyrin (TBzPy?), zinc tetrakis(4-N-methylpyridyl)porphyrin
(ZnTMPyP) and zinc teirakis (4-N-benzylpyridyl)porphyrin (ZnTBzPyP). Optical absorption and fluorescence
properties of the porphyrins were dependent on the symmectry of the central ring. No evidence was found for
dimerization of the porphyrins in phosphate buffer, pH 7, in the concentration ruaiige between 4 X 1074 10
5% 10~5 M. Addition of L-dopa melanin red shifted the optical absorption spectra of porphyrins, concomitant
to broadening and reduction: in intensity of the bands. .-Dopa melanin also strongly quenched the fluores-
cence of the porphyrins. Time resolution of the fluorescence decay of porphyrins showed at least two lifetimes
that were only slightly modified in the presence of melanin. The interaction between meiunin ana porphyrin
resulted in the formation of non-fluorescent ground state complexes. It was found that there are two different
classes of binding sites in melanin for complexation with cationic porphyrins and the values of dissociation
constants are of the order of 10~% M. These values and the number of binding sites are ¢ependent on the

nature of the porphyrins. It was shown that the binding has electrostatic origin, but it is also affected by metal
coordination and hydrophobic interaction.

Keywords: Melanin pigment; Cationic porphyrin; Ground state non-fluorescent complexes; Fluorescence lifetime; Optical spec-

troscopy

i. Introduction

Melanins are widespread polymers originating
from redox conversion of precursors including

Correspondence to: Dr. A.S. Tto, Instituto de Fisica da Univer-
sidade de Sao Paulo, C. Postal 20516, 01498 Sio Paulo, Brasil.

tyrositie, dikdroxyphenylalanine and dopamine.
Present in illuminated (skin, hair, eyes) and non-
illuminated organs (brain, inner ear), the physio-
logical role of the polymer should be dependent
on intrinsic properties of the polymer (e.g. the
stabilization of free radicals), as well as on the
interaction with other molecules. It is believed
that the main biological function of the melanins
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is the cell photoprotection but even in the ab-
sence of light melanin takes part in processes of
electron transfer [1-3] and it was verified that in
the brain, melanin binds to the neurotoxic
metabolite MPP* (methylphenylpyridine), with
relevaut consegquences as the Parkinsonism [4]. It
is also important the interaction of melanin with
O,, leading to superoxide [5] formation and, un-
der illurnination, originating hydrogen peroxide
and hydroxyt radicals [6]. In melanin photochem-
istry the interaction between melanin and dyes
like Rose Bengal [7,8] leads to significant photo-
sensitization effects such as increase in the num-
ber of free radicals induced by light and enhance-
nient of oxygen consumption.

The binding of melanin to dyes can modify
their photophysical properties, the extent of the
changes being dependent on the nature of the
binding. It was suggested that the formation of
complexes between inelanins and flavins occurs
through hydrophobic interaction and that the sin-
glet excited state of the flavins is not quenched by
melanin [9]. On the other hand, it was shown that
synthetic cationic porphyrins may bind to
melanins through ionic type interaction, and that
the excited siaics of tetra(4-N,N,N, N-trimethyi-
anilinium)porphyrin are quenched after binding
to melanin [10].

Melanin interaction with sensitizers can he
important in phototherapy. Natural porphyrins
have becn widely studied and used as sensitizers
in photodynamic therapy, particularly protopor-
phyrin IX [11] and the haematoporphyrin dcriva-
tive HPD [12] that actually is a complex where
the active fraction is a haematoporphyrin dimer
called protofrin I {13]. Less attention is given to
the utilization of synthetic porphyrin derivatives.
The studies with synthetic dertvatives may be
useful due to the fact that one can handle with
structural diversity, related to parameters such as
hydrophobicity, giobal charge and incorporation
of coordinated metal.

In this work we studied the binding of syn-
thetic melanin, obtained from autooxidation of
1-3,4-dihydroxyphenylalanine (L-dopa), to syn-
thetic cationic porphyrins, and how the binding
was affected by electronic charge, metal coordi-
nation and hydrophobicity. The porphyrins stud-
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Fig. 1. Chemical structures of cationic porphyrins.

icd were the novel synthesized tetrakis(4-N-ben-
zylpyridyDporphyrin (TBzPyP), the tetrakis(4-N-
methylpyridyl)porphyrin (TMPyP), and their zinc
complexes, zinc tetrakis{(4-N-benzylpyridyl)
porphyrin (ZnTBzPyP) and zinc tetrakis(4-N-
methylpyridyl)porphyrin (ZnTMPyP). Chemical
structurcs of the porphyrins are shown in Fig. 1.
Optical absorption, steady-state fluorescence and
time-resolved fluorescence spectroscopies were
employed in the study of the nature and the
character of the interaction between melanin and
porphyrins. The changes induced by melanin on
the clectronic structure of the porphyrins were
investigated, as well as the action of the pigment
as quencher of the porphyrin fluorescence. It was
evidenced the high efficiency of melanin as a
promoter of non-radiative pathways for the decay
of electronic cxcited states of porphyrins.

2. Material and methods

2.1 Materials

Melaniin has bees synthesized by autooxids-
tion of 1-32,4-dihydroxyphenylalanine (hereafter
called i-dopa). Fifty milligram of rL-dopa were
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added to 100 ml of bidistilled water and the pH
of the solution was set at 9.0 by addition of
NaOH. After S days under oxygen flux the result-
ing black solution was dialysed to eliminate
molecules with molecular weight lower than 5000.
The final solution was evaporated at 40°C, result-
ing in a black powder soluble in water at pH
higher than 6.0.

Tetrakis(4-N-methylpyridyDporphyrin  (TM-
PyP) and zinc tetrakis(4-N-methylpyridyl)
porphyrin (ZnTMPyP) were prepared according
to the method of Fleischer [14]. Tetrakis(4-N-
benzylpyridyDporphyrin (TBzPyP) was prepared
by alkylation of tetra pyridyl porphyrin (TPyP,
obtained from condensation of 4 pyridine car-
boxyaldehyde and pyrrole in propionic acid) with
benzyl chloride in dimethylformamide or chloro-
form : ethanol mixtures. Zinc tetrakis(4-N-benzyl-
pyridyDporphyrin (ZnTBzPyP) was obtained from
alkylation of ZnTPyP with benzyl chloride in a
chloroform : ethanol mixture. The anicnic por-
phyrin tetra sulfonatepyridylporphyrin (TSPP)
was purchased from Aldrich {(Milwaukee) and
sodium dodecyl sulfate (SDS) from Sigma Chem.
Co. (St. Louis, MO).

The experiments were carried out in solutions
at pH 7.0, in phosphate buffer 0.01 M or 0.1 M.

2.2 Experimental apparatus

Optical absorption measuremenis were per-
formed in Varian DMS 200 or Beckman DU 70
spectrometers. To observe the effect of melanin
addition on the porphyrin spectra, melanin was
used as blank in the same concentration as added
to the porphyrins.

Steady-state fluorescence was measured with a
SLM Aminco 8000 fluorimeier. When necessary,
corrections were made due to light absorption by
meianin.

Time-resolved fluorescence experiments were
performed using an apparatus based on the single
photon counting method, described in detail else-
where [15]. Basically, the excitation source was a
cavity dumped dye laser synchronously pumped
by a mode-locked argon laser (Spectra Physics)
operating at 825 kHz and giving a pulse width of
15 ps. Emission was detected on a Hamamatsu
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1564U-01 microchannel plate photomultiplier.
Deconvolution of the experimental curve and ad-
justment to a multi-exponential decay process
was done by non-linear least-square method. Ad-
equacy of the exponential decay fitting was judged
by inspection of the plots of weighted residuals
and by the statistical paramecters reduced chi-
square and serial variance ratio.

3. Results
3.1 Porphyrins opiical absorption

Optical absorption spectra of TMPyP and its
zinc complex ZnTMPyP in phosphatc buffer 0.01
M, pH 7.0, were similar to previous reports [16],
showing the Soret band at 420 and 430 nm,
respectively. A major difference between the free
base and'the zinc porphyrin appeared in the
(-bands, reflecting the symmetry of the central
ring: the zinc porphyrin has Dy, symmetry and
presented two bands, 0(0,0) at 607 nm and Q(0,1)
at 565 nm, while the free base porphyrin has the
symmietry lowered to D,,,, showing the splitting of
QO-bands to Q.(0,0), Q.(0,1), Q,(0,0) and Q,(0,1)
that appeared at 643, 586, 557 and 519 nm, re-
spectively. The tetrabenzyl pyridylporphyrins pre-
sented the same general behaviour, as seen in
Table 1, that gives the spectral position of max-
ima of absorption bands and their relative inten-
sities for all the porphyrins studied.

3.2 Porphyrins fluorescence

3.2.1 Steady state fluorescence

The porphyrin derivatives studied showed flu-
orescence in phosphate buffer pH 7.0. As the
porhyrins studied were free-base or closed shell
metal porphyrin complexes, the fluorescent emis-
sion is attributed to the radiative deactivation of
the electronic excited state associated with the
porphyrin macrocycle. The emission of free-base
porphyrins, like the optical absorption spectra,
differ from metallic porphyrin emission due to
the differences in their symmetries, the former
being significantly red shifted. In Figs. 2(a) and
2(b) fluorescence emission Spectra are shown,
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Table 1
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Absorption properties of porphyrins measured in phosphate buffer 0.01 M, pH 7.0. Numbers in parenthescs arc relative intensities

Porphyrin Peak positions (nm)
B(0,0) Q0,1 Q0,0 Q0,15 .0,0
TMPyP 422(16) 519Q1) 557(0.37) 586(0.43) 643(0.10)
TBzPyP 427(14) 521(1) 558(0.46) 587(0.46) 643(0.19})
Porphyrin B(0.0} Q(0,1) Q(0,0)
ZnTHAPyP 437(12) 565(1) 607(0.32)
ZnTBzPyP 440(11) 566(1) 609(0.40)
Porphyrin Extinction coefficients at 8(0,0) (10° M cm™")
TMPyP 24
TBzPyP 1.9
ZnTMPyP 2.1
ZnTBzPyP 1.7

corrected for photomultiplier response as well as
for the dependence of !amp emission on wave-
lzngth. The lineshape of emission bands for all
thi porplivrins investigated remained practically
constant over the entire range of porphyrin con-
centrations studied, which covered the interval
between 4 X 10~8 to 5 x 10~5 M. Excitation was
performed at wavelengths in which the optical
density (OD) of the porphyrins were lower than
0.1 for strong inner filter effects were observed
when the OD in excitation wavelength was higher
than 0.15. The values of quantum yields of por-
phyrins fluorescence, estimated using the quan-
tum yield for TPP as reference, were iow, as can
be seen in Table 2.

Table 2

3.2.2 Time-resolved fluorescence

Time-resolved fluorescence measurements
were performed using excitation at 586 nm for
the free-base porphyrins and 580 nm for the zinc
porphyrins. Porphyrin concentrations were cho-
sen so ihat the OD in these wavelengths were
approximately 0.1, case in whichh the concentra-
tion values were near to 1 X 1075 M. The decay
parameters for each derivative are listed in Table
2 and resulted from global analysis of time-re-
solved fluorescence data obtained at several
emission wavelengths in the range between 610
and 730 nm. In the case of TMPyP and TBzPyP
the fluorescence decay was best fit by three com-
ponents at shorter wavelengths and the very short
component was not present at longer wave-

Fluorescence properties of porphyrins (concentration 10™5 M) measured in phosphate buffer 10 mA, pH 7.0, Time-resolved
results from global analysis over a set of emission wavelengths from 610 to 730 nm

Porphyrin Quantum Lifetime (ns) Fract. contr. (%) Emission
vield th
’ T, Ta T, F, F Fy z‘:‘;jle“g
TMPyF 0.024 5.06 1.56 0.026 94,7 4.6 0.7 640
97.6 2.4 - 7G0
TBzPyP 0.040 4.32 1.94 0.039 90.4 8.6 1.0 640
90.5 11.6 - 700
ZnTMPyP 0.022 1.2% 0.33 - 98.5 1.5 - 640
ZnTBzPyP 0.031 1.17 0.026 99.0 1.0 - 640
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lengths. The Zn derivatives had only two expo-
nential decay components. In all cases, the long
decay time component had more than 90% frac-
tional contribution to the total fluorescence. As
can be seen in Table 2, the decay times for the
zinc porphyrins were significantly shorter than
the corresponding values for the parent por-
phyrin compounds. The ratio of the values of the
long decay time component for TMPyP and
ZnTMPyP was 3.85, and that for TBzPyP and
ZnTBzPyP was 3.46. These values are not in
agreement with the quantum yield ratios, indicat-
ing that the radiative lifetimes of the zinc deriva-
tives are different from the corresponding free-
base porphyrins.

3.3 Porphyrin aggregation

The shape of the fluorescence spectra of
TMPyP and TBzPyP did not change over the
concentration range between 4 X 1078 to 2 X
10~ M. The fluorescence intensity varied lin-
early with concentration over the entire range
studied. Figure 3 shows the data for TMPyP
measured at pH 7.0 in phosphate buffer 0.01 M,
with excitation at 420 nm. At concentrations
higher than those presented in Fig. 3 the linearity
is maintained, but the measurements had to be
done with excitation at 580 or 520 nm ({2-bands)
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Fig. 2. Corrected fluorescence spectra of porphyrins. Concen-
tration 6 X 10~ % M. Excitation wavelength 520 nm for TMPyP
and TBzPyP and 565 nm for zinc derivatives.
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Fig. 3. Dependence of fluorescence intensity on TMPyP con-
centration. Excitiation at 420 nm, in phosphate buffer 0.01 M,
pH 7.0.

in order to avcid inner filter effects that were
present when the OD exceeded 0.15 in the Soret
band region. These results clearly indicate that
aggregation of the porphyrin derivatives studied
did not occur under the conditions of the experi-
ment. This is not in agreement with previous
reports, wich suggested the occurrence of dimer-

ization of TMPyP at concentrations as low as
10~ M [17,18].

3.4 Effect of melanin optical absorption

The optical absorption spectrum of autooxi-
dized L-dopa melanin showed the usual large and
structureless feature, extending through the visi-
ble region and with increasing absorption inten-
sity towards the UV region. Extinction coefficient
values for L-dopa melanin, expressed in (cm
ug/ml~! are, typically, 0.017 at 430 nm and
0.0072 at 580 nm. These vaiues remained con-
stant in the meianin concentration range used
(lower than 10 pg/ml), leading to a linear depen-
dence between the optical density and the con-
centration of melanin in solution.

The interaction between melanin and por-
phyrins changed the optical absorption spectra of
the porphyrins.- Addition of melanin caused red
shift in the absorption spectrum of TBzPyP, re-
duction in abs~rption intensity and broadening of
the bands (Fig. 4;. The behavior observed in the
Soret band is similar to that verified in the Q-
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Fig. 4. Optical absorption spectra of TBzPyP in the presence
of melanin. Porphyrin concentration 0. 6 % 10~% A7, phosphate
bufier .01 M, pH 7.0.

bands. A rise in the base line also was observed,
which might be attributed to an increase in scat-
tering due to the formation of complexes between
melanin and porphyrin. The same effect was ob-
served when melanin was added to TMPyP and
to the zinc porphyrins. No changes in optical
absorption spectra were verified when melanin
was added to tetrasulfonatophenylporphyrin
(TPPS), an anionic porphyrin.

3.5 Effect of melanin fluorescence

Fluorescence due to melanin was negligible.
The addition of melanin resulted in streng
quenching of porphyrin flunorescence. This behav-
ior is illustrated in Fig. 5, that shows the cor-
rected fluorescence emission spectra of TBzPyP
at several concentrations of melanin. Similar re-
sults were obtained for the other porphyrins, but
the extent of quenching by a given amount of
melanin is not the same (Fig. 6). In Fig. 5 the
relative decrease in the intensity of fluorescence,

Table 3
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Fig. 5. Flucrescence spectra of TBzPyP in the presence of
melanin. Porphyrin concentration 0.6x10™¢ M, phosphate
buffer 0.01 M, pH 7.0. Excitation wavelength 425 nm.

calculated as the area under the emission spec-

‘trum, was plotted as a function of the concentra-

tion of melanin added to the solution. The values
were corrected for melanin absorption in the few
cases when this was relevant and it can be ob-
served that the quenching effect is more pro-
nounced for TBzPyP.

The time-resolved fluorescence of porphyrins
in the presence of melanin also was investigated.
For each porphyrin, a set of time-resolved fluo-
rescence data obtained at several melanin con-
centrations was submitted to giobal analysis. The
results are presented in Table 3 and the quality
of the adjustmenis was based on the analysis of
the plots of weighted residuals and of the statisti-
cal parameters reduced chi-square and serial
variance ratio. From this analysis it may be said
that the lifetimes for decay of fluorescence of
porphyrins remained constant, independent of the
concentratinn of melanin. Comparison between
Tables 2 and 3 shows that the decay times of
porpliyrisr fluorescence were not significantly

Time-resolved fluorescence parameters of porphyrins (10> M) after addition of melanin. Results from global analysis over a set of
melanin concentrations between 0 to the maximum [M] indicated in the Table

Complex (M) Emission Lifetime (ns) Fract, contr. (%)

(ug/mb wavelength T, T, T, F, F, F,
TMPyP 6.0 675 5.00 1.33 0.008 90.1 9.3 0.6
TBzPy¢ 7.2 675 4.10 1.44 0.005 90.2 9.4 04
ZnTMPyP 7.2 640 1.30 0.62 0.008 94.9 4.1 1.0
ZnTBzPyP 6.0 640 1.20 0.72 0.003 92.3 6.1 1.6
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Fig. 6. Quenching of porphyrin fluorescence by melanin. Por-

phyrin concentrations 6% 19" M, phosphate buffer 0.1 M,

pH 7.0. Excitation wavelength 520 nm for free basc por-
phyrins and 565 nm for zinc derivatives.

changed after addition of melanin, even at
melanin concentrations in which the intensity of
emission was stronglv diminished. Some smali
changes in the relative population, with increase
of the short lifetime contribution may be at-
tributed to an increase in the scattering, associ-
ated to the formation of a less soluble compound.
There was some evidence of melanin—porphyrin
sedimentation after a period of time.

4. Discussion

The occurrence of interaction between the
porphyrins and melanin synthesized from rL-dopa
autooxidation was demonstrated by the changes
in the optical absorption specira of porphyrins
after addition of melanin. Independent of thke
meso group attached to the central ring or of the
presence of metal, addition of melanin caused
red shift of the spectrum, broaZened the absorp-
tion bands and decreased their intensities. These
effects were verified in Soret as well as in Q-
bands. Such spectral alterations are similar to the
observed in the formation of complexes between
TMPyP and aromatic compeands like PFL™
(proflavin 3,6-dimetiiylacridinium cation) and
AQS~ (9,10-anthraquinone-2-sulfonate) [19]. The
spectral modifications observed, according to the
Gouterman’s model [20], can be attributed to a
greater d:localization of wr-orbitals and to a rela-
tive intensification of vibrational components of
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(O-bands, indicating a larger coupling between S,
and S, states. A raise of the base linc upon
addition of melanin is also verified, due to a
larger scattering in the solution. The change in
the baseline due to scattering introduced a diffi-
cu'ty in the scparation of the contributions from
frece porphyrins and complexed porphyrins to the
total spectrum, specially in the region of Q-bands.
We were then directed to fluorescence results to
investigate the interaction between melanin and
porphyrin.

Steady state fluorescent emission of the
cationic porphyrins were strongly quenched by
melanin. On the other hand we wverified that the
emission irom the anionic porphyrin tetrasul-
fonatophenylporphyrin (TPPS) was only slightly
affected by melanin. Compared to the quantity of
melanin added to the cationic porphyrin TMPyP,
an amount ten times higher of melanin must be
added to the anionic TPPS, in orvder to achieve
the same reduction in fluorescence emission. The
suggestion of the involvement of charges in the
interaction is further supported by the decrease
of quenching by melanin in the presence of SDS
micelles. When SDS was present at concentra-
tions above its critical micellar concentration
there was only very small effect of quenching of
porphyrin fluorescence due to melanin. The
amount of melanin that reduced the¢ TMPyP fluo-
rescence to 50% of its initial value was 40 times
higher in the presence of SDS compared to the
situation without the micelles. The value for the
quenching of Zn1'BzPyP flucrescence was 96. The
origin of these effects are electrostatic, for the
SDS micelle acts as a negatively charged cage
around the porphyrins, as discussed by Kano et
al. [18], decreasing the extent of interaction be-
tween porphyrin and melanin.

Additiona! evidence for the involvement of
charges in the interaction came from experiments
with different ionic strength. Fluorescence
quenching experiments were performed at pH 7.0
with phosphate buffer 0.1 M and 0.01 M and it
was seen that the extent of quenching of TMPyP
by melanin was greatly enhanced when the buffer
was at 0.01 M concentration (Fig. 7). Similar
results were obtained with the other cationic por-
phyrins. Thus it may be said that the interaction
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Fig. 7. TMPyP fluorescence quenching by mcianin. Effeci of
ionic strength. Phosphate buffer pH 7.0. Porphyrin concentra-
tion 0.6 X 107" Af, excilation wavelength 420 nm.

between meianin and the porphyrins studied is
predominantly of ionic nature, as obseived in the
binding of tetra(4-N-trimethylanilinium)porphyrin
to melanin [10). However, the extent of the inter-
action with melanin is not the same for the differ-
ent cationic porphyrins we studied. In order tc
analysc the differences between the porphyrins
when interacting with melanin, we dctermincd
the dissociation constants for the binding equilib-
rium.

4.1 Dissociation constants of melanin porphyrin
complexes

As pointed before, optical absorption spectra
of porphyrins were drasticallv changed in the
presence of melanin, simultaneous to a quench-
ing in the fluorescence of thz dye. On the other
hand, time-resolved fluorescen=ze showed that the
lifetimes of the emitting specics remained practi-
cally constant in the precsemce or absence of
melanin. The results may be interpreted as a
consequence of the formation of a non-fluo-
rescent complex in a ground state reaction. This
reaction in the ground state produces a
melanin—-porphyrin complex with electronic
structure distinct from either porphyrin or
melanin. As this complex is nou-fluorescent, the
emission is due only to free porphyrin in solution,
resulting in fluorescent spectrum with decreased
intensity and without modification both in the
shape of the spectrum as in the lifctimes of the

A.S. Ito et al. / Biophys, Chem. 45 (1992) 79-89

fluorescence decay. The process may be repre-
scnted by the relation

M + P — MP (1)

where M is inelanin, P is porphyrin and MP is the
complex melanin—-porphyrin.

Melanin is an heterogeneous polymer, in which
negative charges may be stabilized, either as a
result of phenol or carboxylic groups present in
the final molecule [21] or, alternatively, due to
the existence of trapping levels for electrons in
iigand states as shown by molecular orbital calcu-
lations [22]. It is possible then to make the as-
sumption that more than one binding siie is pre-
sent in the melanin for complexation with por-
phyrin. Furthermore, there is a strong positive
deviation of the Stern—Volmer plot for static
quenching, suggesting that the complex formation
occurs at a ratio higher than 1:1 porphyrin to
melanin. In this way, the complex formation
should ubey the relation

M + nP — MP, (2)

Within tuis model, assuming n indcpendent bind-
ing sites, it is possible to determine a dissociation
constant for the process, by using a Scatchard
plot. In this case we have

r/[Cel=n/Ky~r/K, (3)

where [C;] is the free melanin concentration, K,
is the dissociation constant, n the number of
binding sites and the parameter r is the ratio
between the concentration of porphyrin bound
and the total melanin concentration. oy winic
fluorescence was employcd for the derevmimation
of these values, as follows.

Known aliquots of porphyritt weie alded 1o 2
given quantity of melanin (b cen o o Lb
mg/ml in phosphate buffer (1.7
sent in excess in refation to b o o i
trations. Assuming, 1 . eadn
cussion, that the coieg 00
not fluoresce, il tin-psn:
from free roepds A
cence intensity anst i
obtained for the emission
porphyriin concentr:stio:
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way we could determinc the concentration of free
puiphyrin present in the solution containing
melanin and the amount of bound porphyrin
complexed with melanin.

The Scatchard plot for the binding of meianin
to ZnTMPyP is non-linear, suggesting the exis-
tence of more than one class of independent
binding sites in melanin for interaction with the
porphyrins (Fig. 8). Numerical simulation to a
mode! of two classes of independent sites gave
good fit to experimental data (continuous line in
Fig. 8). Similar results were obtained for the
other porphyrins studied and the values of the
dissociation constants obtained from the numeri-
cal simulations are shown in Table 4, with the
corresponding values of the parameter #;. This
parameter means the concentration of porphyrin
bound to a concentration of melanin equal to 1
ng/ml at the ith class of binding sites. In the
studies of interaction between melanin and flavins
the existence of two different classes of binding
sites for the complex formation also was ob-
served. As the interaction of porphyrins with
melanin is primarily ionic, the values for dissocia-
tion constants are in the range of 10™% M, sub-
stantially lower than those obtained for

50 —r—T——T——
e S ~
3ol -

20 -

Ce (pg/mi)”

K -

0 L ! 1 l A I
o 0 0.2 Q3 Q4

r= Cy/ [M] ( iM)pg/mi)™

Flg. 8 Scatchard plot for melanin—-ZnTMPyP complexation.
Parameter r stands for concentration of bound porphyrin(10-9
MY Her unit concentration of melanin (zg/ml). C; is the
concentration of free porphyrin (wAf). Data from fluores-
cence spectra of ZnTMPyP in phosphate buffer 0.1 Af pH 7.0,
excitatlon wavelength 420 nm. Melanin concentration 1.0
pg/mi, range of porphyrin concentration, 0.1 to 0.6 pM.
Solid line results from numerical simulation for two classes of
independent binding sites model.
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Table 4

Dissociation constants (K ;) and concentration (n1;) of bound
porphyrin per unit concentration (pg/ml) of melanin

Complexes Ky, K n ",
(1078 M) Q07* M) (uM) (uM)
TMPyP 0.34+0.01 3.5+01 0174001 0.2410.1

‘TBzPyP 0.68+0.03 4.6+0.2
ZnTMPyP 0.19+0.01 24402
ZnTBzPyP 0.2440.02 27+02

0244001 0443102
0.13+0.01 0.21+0.1
022+0.01 030+0.1

melanin-flavin complexation that are of hy-
drophobic nature [9].

The values in Table 4 allow the comparison
between different porphyrins. It can be obscrved
that the affinity of porphyrins to melanin is higher
for the zinc porphyrins. It is known that melanin
binds different «li- and trivalent metal ions such
as Mg?*, Zn?* AIP*, with the formation of
chelates through carboxyl or semiquinone
residues [21]. Although zinc atoms arc already
coordinated to the porphyrin ring through a te-
tradentated stable linkage, it is still possible to
obtain pentacoordination with basic groups in
melanin acting as axial ligands perpendicular to
the porphyrin plane. This structural arrangement
leads to lower dissociation constants for zinc por-
phyrins compared to free base ones, but imposes
some limitations on the number of sites in melanin
accessible to interaction via zinc coordinntion. A
consequence would be that the parameter #; is
lower for the zinc porphyrins compared to the
frec base porphyrins.

On the other hand, the results of Tablc 4 also
show a dependence on the substituent present in
the porphyrin. Lower affinities and highcr values
for n; were obtained when benzyl groups were
the substituents, both for free basc porphyrins as
for zinc porphyrins. Even if the nielanin polymer
presents many ionized groups responsible for the
strong electrostatic interaction with positively
charged porphyrins, their distribution within the
polymer is heterogeneous. Indeed, in addition to
many experimental evidences for this heterogene-
ity, molecular orbital calculations [22] suggested
that the negative charges on melanin should be
focated preferentially at the extremes of the poly-
mer. Then we may consider that the distribution
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of the charged groups within melanin can origi-
nate regions with hydrophobic character in the
polymer, making available a higher number of
binding sites for intcraction with the more hy-
drophobic porphyrins. Therefore, higher values
of n; are obtained for benzylporphyrins, either
free base or zinc porphyrin. At the same time,
higher values for dissociation constants, due to
the weaker hydropliobic interaction, are obtained
for these porphyrins.

5. Concleding remavks

It was shown that the iuteraction between
melanin and cationic porph;rin has an strong
electrostatic character, leading to dissociation
constants of the order of 10~% M. Some other
aspects related to the properties of the melanin
polymer are relevant: the possibility of coordina-
tion with metal results in lower dissociation con-
stants for ccmplexation with the zinc porphyrins,
and hydrophobic interaction allows for a higher
number of binding sites availatle within the poly-
mer for the benzylporphyrins.

The formaiicn of complexes with melanin sig-
nificantly modifies the deexciiaticn processes of
electrenically excited porphyrins. There is stronig
quenching of porphvrin fluorescence and radia-
tion absorbed by the comipiexed porphyrin turns
out to be dissipated through non-radiative path-
ways, a typical property of the meianin polymer.
These pathways could include the direct coupling
between zbsorbed photons and molecular vibra-
tions extended over the whole polymer—porphyrin
complex, as observed recently by photoacoustic
spectroscopy on pure melanin [23]. Another pos-
sibility could be the production of phoeio induced
free radical products as verificd ¢ i Liinin pho-
tosensitization induced by moicuaics such us Rose
Bengal. In this case, deexcitation processes may
include electron transfer or charge transfer and
studies are currently being performed to test these
possibilities. In any case it may be said that the
photoprotective action of melanin progresses
through the quenching of the cxcited state of the
dye. On the other hand, radical species produced
through the mediation of melanin could become

A8, fto et al. / Biophys. Chen. 45 (1992) 79-89

physiologically important. Due to the interaction
with the porphyrins, this indirect photoinduction
of frece radicals in melanins may be occurring at
wavelengths where the light absorption due to
melanin itself is low.

Acknowledgments

We one thanks to D, T. Krajcarski for the
technical assistance provided. S.C.S. gratctully ac-
knowledges the FAPESF (Fundacao de Amparo
a Pesquisa do Estado de Sao Paulo) for a fellow-
shin. This work has been partially supported by
FINEP (Financiadora de Estudecs e Projctos),
FAPESP and vy the USP-BID project.

References

1 EV. Gan, H.F. Haberman and [ A. Menon, Arch.
Riochem. Biophys. 173 (1976) 666.

2 P.R. Crippa and A. Mazzini, Physiol. Chem. Phys. Med.
Nucl. Magn. Reson. 15 (1983) 51.

3 A.S. ho and P.R. Crippa, Phvsiol. Chem, Phys. Mad. Nucl.
Magn. Reson. 17 (1985) 205.

4 R.J. D'Amato, Z.P. Lipmai ¢nd S.id. Snyder, Science 231
(1986; 987.

5 T. Sarna, A. Duleska, W. Koi vtowski and H. Swnrtz, Arch.
Biochem. Biophys. 200 (1980) 140,

6 W. Korytowski, B. Pilas, T. Sarna and B. Kalvanaraman,
Photocliem. Photobiuol. 45 (1987) 185.

7 R.C. Sealy, T. Sarna, E.J. Wanner and K. Reszka, Pho-
tochem:. Photobhiol. 40 {1984) 453,

8 T. Sarna, ILA. Menon and R.C. Sealy, Photochem. Photo-
biol. 42 (1985) 529,

9 A. Kozik, W. Korytowski. T. Suzrna and A.S. Bloom, Bio-
phys. Chem. 38 (1990} 39.

10 J. Bielec, B. Pilas, T. Sarna and T.G. Truscott, J. Chem.
Soc., Fzraday Trans. 2 82 (1986) 1469.

11 A. Girotti. Biochemistry 18 (1979) 4403.

12 G. Jori and C. Perria, eds. Photodynamic therapy of tu-
mors (Libreria Progeito, Padova, 1985).

13 Y.K. Hn, R.K. Pandey, J.R. Missort, P.A. BReilnier and T.J.
Dengherty, Photochem. Photobiol. 48 (1988} 445.

4 ©Z.B. Fleischer, Inorg. Chem. 1 {1962) 493.

15 .5, Willis and A.G. Szabo, Biochemistry 28 (1989) 4902.

16 K. Kalianasendaram, Inorg. Chem. 23 {1984) 2453,

17 R.L. Brokfield, H. Ellul and A. Harriman, J. Photochem.
31 (1985} 97.

i8 K. Kano, T. Nakajima, M. Takei and S. Hashimoto, Bull.
Chem. Soc. Ipn. 60 (1987) 1281.

19 K. Kano, T. Nakajima, S. IHashimoto, J. Phvs. Chem. 91
{1987) 6614.



A.S. lto et al, / Biophys. Chem, 45 (1992) 79-89

20 M. Goutermin, j. Mol. Spectrosc. 6 (1961) 138.

21 R C. Sualy, C.C. Felix, 1.S. Heile and H.pM. Swartz, in:
Frec 1adicals in biology, vol. 4, ed. W A, Piyor (Academic
Press, Mew York. 1980) p. 209,

89

22 D.S. Galvav and M.J. Caldas, J. Chem. Phys. B8 (1988)
4()88.

23 DP.R. Crippa and C. Viappiani, Eur. Biophys. J. 17 (1980)
299,



