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Melanin is a heterogeneous biological polymer widespread in A
the biosphere and contains a populationimtfinsic, quinone/ '
semiquinone-like radicafsMelanin, composed of many different
monomers, is the only known biopolymer containiniptrinsic
stationary free radicals.Additional extrinsic semiquinone-like
radicals are reversibly photogenerated in melanin under visible or
UV irradiation? Although different melanins are distinguishable
by EPRS the free radical chemistry of melanin is complex and not
well characterized, especially the photochemistry of melanin in the
presence of oxygen.

Melanin is found in the retinal pigment epithelium (RPE) of eyes.
The RPE is a monolayer of cuboidal cells between the photore- . - . T T 1
ceptors and choriocapillaris of the eye. The chemistry of the RPE 0 2 e (us) " g0 100
is specialized to phagocytize anq recycle the outer segment OfFigure 1. Representative TREPR time profiles of RPE melanin.
photoreceptors and molecular retinaldehyde, the chromophore of
rhodopsint RPE melanin, predominantly eumelanin, composed of
monomers that are oxidation products of tyrosine, serves a
photoprotective role by absorbing radiation and by scavenging
reactive free radicals and reactive oxygen species (R&X3pwever
evidence also supports a phototoxic role of RPE melanin, especially -
in aged cells, including the increased photogeneration of ROS SUCh ™ yse sis she s s ssmo ssas 5990 ssms 300" 5580 3305 g0 3105 3400
as superoxide anions and hydroxyl radicals that are implicated in Figure 2. 3D TREPR spectra of RPE melanin: (A) aerobic, (B) anaerobic,
RPE cell deatt:5 Melanin chemistry is of especial interest because and (C) difference, aerobic minus anaerobic.

RPE cell death is a major feature of the pathogenesis of age-related . ) ) . o )

macular degeneration (AMD), the leading cause of blindness in me!anln are compatible with assignmentetdrinsicmelanin free
the human population older than 60 years of age in the developedrad'cals' . . )

world? Photochemistry resulting in TREPR signals was observed for

Since RPE cells, which must last a lifetime, are physiologically sev_eral RPE samples (Figure 1). A_ large mela'l_nlilnin"sic free )
exposed to high oxidative stress and damaging irradiatidthe radical CW EPR signal (see Supporting Information) is present in

mechanism of survival is of general chemical interest. To determine the dark. In the presence of visible or UV light, the CW EPR signal
directly if RPE melanin indeed scavenges photogenerated ROS grows to a steady state, accompanied by the photoproduction of

nanosecond time-resolved electron paramagnetic resonance (TREP X‘“”Sinfe? radicals and a shifting of 'th_e CW_ Em_alug, and
spectroscopy was used to study melanin free radicals in humantnen reversibly decays back to the original danitinsic signal.

retinal pigment epithelium (RPE) cells under aerobic and anaerobic _OWever, within 250 ns after the 15 ns laser pulse, at all resonant
conditions. field values, the TREPR signal goes sharply negative (Figure 2).

RPE cells were obtained from human eéfle@dvanced Bio- The negative amplitude of the TREPR signal represents microwave
science Resources Inc., Alameda, CA), cultured, and prepared foremission, indicating that melanin free radicals are generated from
EPR experiments as described in the Supporting Information. photoexcited triplet statéd.In interpreting these data, it is useful
Details of the EPR experimental design are also provided in the to note that larger negative signals are indicative of increased free

Supporting Information. TREPR experiments were conducted while radical concentrations (see Supporting Information). Central to this

the RPE cells flowed past the laser pulse under anaerobic or aerobié'"ork_' a difference between aerobic and ana_lerobic conditio_ns_ Is
conditions sustained by slow, continuous bubbling of compressed readily observed, best documented by subtracting the anaerobic time

O, or Ar through the cell volume. Typically, 15 TREPR time profiles (Figure 1, black) from the aerobic TREPR time profiles

profiles were accumulated at individual field positions and used to (Figure 1, red). Under anaerobic conditions, the TREPR signal

produce the 3D spectra. Tigevalues (-2.004) of the 3-D TREPR decays tc_> the baseline with an gxponential lifetime of a|o_proxirr_1ately
spectra as well as continuous wave (CW) EPR spectra of RPE 13 us (Figure 1 black (e_xperlmgn_tgl) and orange (simulation)).
However, the difference signal is initially positive and then decays
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(simulation)). The difference 3D spectrum (Figure 2C) is more synthetic melanin free radicals have been obsetv&&markably,
symmetrical than the total spectrum (Figure 2B) and is positioned only one of these radicals is primarily involved in ROS scavenging.
about 0.1 mT upfield from the total spectrum. This symmetrical Further TREPR experiments exploring the oxygen dependencies
difference signal indicates that, while at least two types of melanin of melanin photochemistry in RPE cells and other melanin-
radicals, M(1) and M(2), are present in the photoproduadrinsic containing systems are underway. By performing these experiments
radical population, only one of the melanin radical species, M(2) and correlating the results with RPE age and cell apoptosis,
is predominately involved in photochemistry with oxygen species. significant insight into melanin photoprotection and specific
The species reacting with M(2) is not observed by TREPR, most mechanistic details may be realized. Due to its potential therapeutic
likely because the associated EPR signal is too broad and weakvalue, identifying the chemical structure of the ROS-reactive
for detection with the current signal-to-noise. Because the difference melanin species and developing a detailed mechanism of its reaction
spectrum decays to negative baselines (Figures 1, green, and 2C)are our immediate goals. Certainly TREPR provides a direct means
the difference spectrum establishes that, in the presence of oxygenfo explore melanin photochemistry in an unprecedented manner
a chemical process occurs in which more melanin free radicals of under experimentally variable oxidative and redox stresses.

a particular species are ultimately destroyed rather than created. In . .
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M(1) + M(2) + hv — M(1)" + M(2)" 1) Supporting Information Available: Materials and Methods, CW
EPR spectrum, and further discussion supporting our conclusions. This
0O, + hv — ROS ) material is available free of charge via the Internet at http://pubs.acs.org.
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