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a b s t r a c t

Pterins, heterocyclic compounds widespread in biological systems, are able to photoinduce oxidation of
DNA and its components. In the present study, we have investigated the photosensitizing properties of
pterin (Ptr), the parent compound of oxidized pterins, using bovine serum albumin (BSA) as target. Aque-
ous solutions of BSA were exposed to UV-A irradiation (350 nm) in the presence of Ptr, under various
experimental conditions. The photosensitized processes were followed by UV/vis spectrophotometry,
an enzymatic method for H2O2 determination and electrophoresis (SDS–PAGE). We present data that
demonstrate unequivocally that BSA is damaged by Ptr. Although association between Ptr and the protein
was evidenced by steady-state and time-resolved fluorescence measurements, the photosensitized dam-
age takes place via a purely dynamic mechanism, which involves an electron transfer from BSA to the
triplet excited state of Ptr, formed after UV-A excitation.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Solar radiation induces modifications to different biomolecules
and is implicated in the generation of human skin cancers [1]. In
particular, UV-A radiation (315–400 nm) can induce damage to
DNA and other macromolecules through photosensitized reactions
[2]. This indirect action may be mediated by endogenous or
exogenous photosensitizers and can take place through different
mechanisms: energy transfer from the triplet state of the photo-
sensitizer to the substrate and photosensitized oxidations, which
can involve the generation of radicals (type I mechanism), e.g.,
via electron transfer or hydrogen abstraction, and/or the produc-
tion of singlet oxygen (1O2) (type II mechanism) [3].

Pterins, heterocyclic compounds widespread in biological sys-
tems, are derived from 2-aminopteridin-4(1H)-one or pterin
(Ptr). Pterins can exist in living systems in different redox states
and may be classified, according to this property, into oxidized
(or aromatic) and reduced pterins. Within the latter group, 7,8-
dihydropterins and 5,6,7,8-tetrahydropterins are the most impor-
tant derivatives due to their biological activity. Several pterin
derivatives participate in important biological processes such as
the metabolism of aminoacids [4] and nucleobases [5], the nitric
oxide metabolism [6] and the activation of cell-mediated immune
responses [7].

Unconjugated oxidized pterins bear a substituent at position 6
with one carbon atom or a short hydrocarbon chain (Fig. 1) and

behave as weak acids in aqueous solutions (pKa � 8) [8]. These
compounds are not present in mammalians under physiological
conditions, but they accumulate in the skin of patients affected
by vitiligo, a depigmentation disorder, in which the protection
against UV radiation fails because of the lack of melanin [9]. There-
fore, the photochemistry of pterins is of particular interest for the
study of this disease. Moreover, it has been demonstrated that ex-
cited states of pterins are photogenerated in vivo [10].

Unconjugated oxidized pterins are photochemically reactive
upon excitation with UV-A radiation in aqueous solution. The ex-
cited states can fluoresce, undergo photooxidation to produce dif-
ferent photoproducts, generate reactive oxygen species, such as
1O2 and superoxide anion (O��2 ), and photosensitize the oxidation
of biomolecules [11–13]. In particular, it has been demonstrated
that they are able to photoinduce eukaryotic cell death [14] and
DNA damage [15], and can act as photosensitizers through both
type I and type II mechanisms [16,17]. However, to the best of
our knowledge, the only study on processes photosensitized by
pterins that affect proteins is a very recent work in which, the
Ptr photoinduced inactivation of tyrosinase, enzyme that cata-
lyzes the first step in the biosynthesis of the melanin, has been
demonstrated [18].

Due to their relatively high abundance, the reactivity of partic-
ular amino acid residues and their ability to bind chromophoric
compounds, proteins are one of the preferential targets of the
photosensitized damaging effects of UV radiation on biological
systems [19]. Currently, it is accepted that the photosensitization
of proteins occurs mainly through the reactions of 1O2 with trypto-
phan (Trp), tyrosine, histidine, methionine and cysteine side-
chains [20].
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Serum albumins are the major soluble protein constituents of
the circulatory system and have many physiological functions
[21,22]. These proteins serve as transporters for a variety of endog-
enous and exogenous compounds such as vitamins, drugs and
chemical contaminants. In addition, albumin is present in the hu-
man skin [23], where there is an autocrine synthesis and regulation
[24]. It has been reported that in patients affected by vitiligo, epi-
dermal albumin oxidation takes place [25].

Bovine serum albumin (BSA) is one of the most extensively
studied of this group of proteins, particularly because of its struc-
tural homology with human serum albumin. Therefore, given the
important biological ramifications of the photosensitizing proper-
ties of pterins and the potential relevance of the damage to pro-
teins photoinduced by these compounds, we set out to
investigate the photosensitizing properties of Ptr (Fig. 1) using
BSA as a protein model.

2. Materials and methods

2.1. General

Pterin (Ptr, >99%) and bovine serum albumin (BSA, fatty acids
free) were purchased from Schircks Laboratories and Sigma,
respectively, and were used without further purification. Potas-
sium iodide (KI), ammonium acetate (NH4OAc), sodium dodecyl
sulfate (SDS, �99%), glycerol, 2-mercaptoethanol, bromophenol
blue, glycine (Gly, >99% titration), ammonium persulphate (>98%)
and N,N,Ń,Ń-tetramethylethylene-diamine (TEMED, �99%) were
provided by Sigma. Methanol was provided by Laboratorios Cicar-
elli. Acetic acid was provided by Anedra. Coomassie Brilliant Blue G
was provided by Fluka. Acrylamide and ŃŃ-methylene-bis-acrila-
mide and trishydroxymethylaminomethane (Tris) were provided
by Genbiotech.

The pH measurements were performed using a pH-meter
PHM220 (Radiometer Copenhagen) combined with a pH electrode
pHC2011-8 (Radiometer Analytical). The pH of the aqueous solu-
tions was adjusted by adding drops of HCl and NaOH solutions
from a micropipette. The concentration of the acid and the base
used for this purpose ranged from 0.1 M to 2 M.

2.2. Fluorescence spectroscopy

Fluorescence measurements were performed on air-equilibrated
aqueous solutions of Ptr and BSA using a Single-Photon-Counting

equipment FL3 TCSPC-SP (Horiba Jobin Yvon). The equipment has
been previously described in detail [26].

Briefly, in steady-state measurements the sample solution in a
quartz cell was irradiated with a 450 W Xenon source through an
excitation monochromator. The fluorescence, after passing through
an emission monochromator, was registered at 90� with respect to
the incident beam using a room-temperature R928P detector. Cor-
rected fluorescence spectra obtained by excitation at 350 nm were
recorded between 360 and 600 nm, and the total fluorescence
intensities (IF) were calculated by integration of the fluorescence
band centered at ca. 450 nm. To avoid inner filter effects, the absor-
bance of the solutions at the excitation wavelength was kept below
0.10.

NanoLED source (maximum at 341 nm) was employed for time-
resolved studies. The emitted photons, after passing through the
monochromator, were detected by a TBX-04 detector and counted
by a FluoroHub-B module. The selected counting time window for
the measurements reported in this study was 0–200 ns.

2.3. Steady-state irradiation

Solutions containing Ptr and BSA were irradiated in 1 or 0.4 cm
path length quartz cells at room temperature with Rayonet
RPR3500 lamps (Southern N.E. Ultraviolet Co.) with emission
centered at 350 nm (bandwidth (fwhm) �20 nm). Photolysis
experiments were performed in deoxygenated, aerated, and oxy-
gen-saturated solutions. Deoxygenated and O2-saturated solutions
were obtained by bubbling for 10 min with Ar gas and O2,
respectively.

Aberchrome 540 (Aberchromics Ltd.) was used as an actinome-
ter for the measurements of the incident photon flux (qp,0) at
the excitation wavelength (qp,0 = (2.4 ± 0.2) 10�5 Einstein L�1 s�1

(0.4 cm path length) and (1.7 ± 0.2) 10�5 Einstein L�1 s�1 (1 cm
path length) at 350 nm). The method for the determination of qp,0

has been described in detail elsewhere [27].

2.3.1. Analysis of irradiated solutions
2.3.1.1. UV/vis analysis. Electronic absorption spectra were re-
corded on a Shimadzu UV-1800 spectrophotometer. Measure-
ments were made using quartz cells of 0.4 or 1 cm optical
pathlength. The absorption spectra of the solutions were recorded
at regular intervals of irradiation time.

2.3.1.2. High-performance liquid chromatography (HPLC). Chromato-
graphic analysis was performed using a Prominence instrument
from Shimadzu (solvent delivery module LC-20AT, on-line degas-
ser DGU-20A5, auto sampler SIL-20A HT, column oven CTO-10AS
VP, photodiode array detector SPD-M20A). A Synergi Polar-RP col-
umn (150 � 4.6 mm, 4 lm, Phenomenex) was used for product
separation. 10 mM NH4OAc aqueous solution (pH 6.8) was used
as the mobile phase. HPLC runs were monitored by UV/visible
spectroscopy at different wavelengths.

2.3.1.3. Detection and quantification of Hydrogen Peroxide (H2O2). For
the determination of H2O2, a Cholesterol Kit (Wiener Laboratorios
S.A.I.C.) was used. H2O2 was quantified after reaction with 4-ami-
nophenazone and phenol [28,29]. Briefly, 500 lL of irradiated solu-
tion were added to 600 lL of reagent. The absorbance at 505 nm of
the resulting mixture was measured after 30 min at room temper-
ature, using the reagent as a blank. Aqueous H2O2 solutions pre-
pared from commercial standards were employed for obtaining
the corresponding calibration curves.

2.3.1.4. Electrophoretic analysis. Protein damage was evaluated by
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS–
PAGE). Samples of protein solutions were boiled for 5 min in a
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Fig. 1. Molecular structure of Ptr and its absorption spectrum in neutral and
slightly acidic aqueous solutions.
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0.06 M Tris–HCl (pH 6.8) solution containing 2% SDS, 10% glycerol,
1% 2-mercaptoethanol (as reducing agent) and 0.02% bromophenol
blue (as a tracking dye). Acrylamide (4%) stacking gel, 8% acrylam-
ide resolving gel and running buffer containing 25 mM Tris,
192 mM Gly and 0.1% SDS, pH 8.3 were used. Electrophoresis
was performed at 30 mA during 80 min. Gels were stained with
0.1% Coomassie Brilliant Blue and destained with a solution of
methanol and acetic acid during 24 h. The electrophoretic bands
were quantified by scanning photodensitometry using the ImageJ
1.45s software.

3. Results and discussion

3.1. Interaction of BSA with Ptr

Association to a protein can modify the properties of a photo-
sensitizer and, consequently, the efficiency and the mechanism of
the photodamage to the macromolecule. This fact can be particu-
larly important for albumins due to their high physiological con-
centrations and binding capacity [30]. Moreover, several studies
have been published on the capability of albumins to bind photo-
sensitizers and the effect of the association on their photochemical
behavior [31,32]. Therefore, before studying the damage to BSA
photoinduced by Ptr, we set out to investigate the interaction be-
tween the two molecules and to evaluate the association, deter-
mining the corresponding binding constant.

Emission spectra of Ptr (17 lM) were recorded between 360
and 650 nm at 25 �C, in the presence of different concentrations
of BSA (0–1 mM) at pH 6.0 ± 0.1. For each sample, as a blank, the
spectrum of a solution containing only BSA was recorded under
the same experimental condition. This blank spectrum was sub-
tracted from that obtained for the solutions containing both BSA
and Ptr. The increase of the BSA concentration caused a progressive
reduction of the fluorescence intensity, the wavelength of the
emission maximum remaining unchanged (Fig. 2). These results
indicate that the protein quenches the singlet excited state of Ptr.

The decrease of the integrated fluorescence intensity of Ptr as a
function of the concentration of BSA followed a Stern–Volmer
behavior (Eq. (1) and Fig. 3)

I0
F=IF ¼ 1þ KSV½Q � ð1Þ

where IF
0 and IF are the integrated fluorescence intensities in the ab-

sence and in the presence of quencher, [Q] is the quencher (BSA)
concentration [mol L�1], and KSV is the Stern–Volmer constant
[L mol�1]. A value of KSV = (1.27 ± 0.03) 103 M�1 was obtained at
25.0 �C. If a purely dynamic quenching is operating, KSV is given
by the following equation:

KSV ¼ kqs0
F ð2Þ

where s0
F [s] is the fluorescence lifetime in the absence of quencher

and kq is the bimolecular quenching rate constant [L mol�1 s�1]. KSV

value obtained from data shown in Fig. 3 leads to a value of
kq = (1.5 ± 0.2) 1011 M�1 s�1 at 25.0 �C, larger than that expected
for a diffusion controlled process in water, this suggesting that
the observed quenching is not purely dynamic.

Static quenching also results in a linear relationship between
I0
F /IF and [Q]. The measurement of fluorescence lifetimes (sF) at dif-

ferent quencher concentrations is a reliable method for differenti-
ating between static and dynamic quenching, since in the former
case s0

F/sF = 1. In time-resolved experiments, the sF of Ptr (17 lM,
pH = 6.0 ± 0.1) was calculated for different BSA concentrations
(0–1 mM). The decrease in the sF values was very small, e.g.,
sF = (8.6 ± 0.6) ns in the absence of BSA, sF = (7.5 ± 0.3) ns at BSA
0.99 mM. The dependence of s0

F/sF on the concentration of BSA
was also linear (Fig. 3). However, in this case the KSV value
(1.4 ± 0.2) 102 M�1 was much lower than that derived from the
I0
F /IF vs. [Q] plot. This means that the dynamic quenching, although

exists, does not significantly contribute to the overall quenching of
the Ptr singlet excited state by BSA, under our experimental
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Fig. 2. Corrected fluorescence spectra (kexc = 350 nm) of solution of Ptr (17 lM,
pH = 6.0 ± 0.1) in the absence and in the presence of different concentrations
of BSA; the BSA concentration [mM] appears above each spectrum. For each sample,
the spectrum of a solution containing only BSA at the corresponding concentra-
tion was subtracted from that for the solutions containing both BSA and Ptr.
Inset: decrease of the total fluorescence intensity (IF) as a function of the BSA
concentration.
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Table 1
Stern–Volmer constants (KSV) for the quenching of the fluo-
rescence of Ptr by BSA at various temperature; [Ptr] = 17 lM,
pH = 6.0, kexc = 350 nm.

T/�C KSV/(103 M�1)

10.0 2.50 ± 0.09
15.0 2.10 ± 0.04
20.0 1.92 ± 0.03
25.0 1.27 ± 0.03
30.0 1.0 ± 0.1
35.0 0.44 ± 0.09
45.0 0.23 ± 0.04
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conditions. When the dynamic quenching is negligible in compar-
ison to the static quenching, KSV is equal to the equilibrium con-
stant for ground state complex formation. Finally, from Eq. (2),
using the KSV value obtained from time-resolved experiments, a
kq value of (1.6 ± 0.4) 1010 M�1 s�1 was obtained.

To confirm that the quenching of singlet excited state of Ptr by
BSA is static, emission spectra of Ptr (17 lM) were recorded in the
presence of different concentrations of BSA (0–1 mM) at various
temperatures. The two forms of fluorescence quenching can be dis-
tinguished from each other by the difference in the temperature-
dependent behavior [33]. The bimolecular rate constant of dy-
namic quenching will increase with raising temperature. In con-
trast, if the donor and acceptor molecules bind together to form
a ground state complex, high temperature tends to disrupt the
ground state complex, so a static quenching process will lead to
a decrease in the quenching process with raising temperature.
Actually, KSV decreased as the temperature increased (Inset Fig. 3
and Table 1), confirming that the mechanism of the quenching is
mainly static and that association takes place between Ptr in its
ground state and BSA.

However, the value of the binding constant obtained
[(1.27 ± 0.03) 103 M�1], compared to those reported for other
photosensitizers, reveals that BSA affinity for Ptr is relatively low.
For instance, binding constants of 5.9 � 106 M�1, 1.0 � 105 M�1

and 1.1 � 105 M�1, have been reported for rose bengal, zinc phthal-
ocyanines and cationic porphyrin, respectively [34–36]. Moreover,
folic acid, a conjugate oxidized pterins, is bound to BSA with a
binding constant of (1.0 ±0.3) 105 M�1 [37]. In addition, the low
affinity of BSA for Ptr implies that, in most of the experiments car-
ried out in the studies of photodamage (vide infra), less than 1% of
the photosensitizer was bound to the protein.

3.2. Evaluation of the capability of Ptr to photoinduce damage to BSA

Air-equilibrated aqueous solutions containing Ptr and BSA were
irradiated at 350 nm for different periods of times. Under these
conditions, Ptr was excited (Fig. 1), whereas BSA did not absorb
radiation. In order to avoid interferences between the acid and
the basic forms of Ptr, the experiments were performed in the
pH range 5.0–6.0, where Ptr is more than 99% in its acid form.

When air-equilibrated aqueous solutions of BSA (15 lM) were
exposed to UV-A radiation in the presence of Ptr (100 lM),

significant changes in the absorption spectra of the solutions were
observed (Fig. 4). At these concentrations the absorbance of BSA
contributes significantly to the absorption of the sample below
300 nm. The HPLC analysis showed that the Ptr concentration did
not change in the analyzed time-window (Inset Fig. 4). Therefore
the spectral changes observed should be attributed to chemical
modifications in the protein.

Under the same experimental conditions, H2O2 was detected
and quantified as a function of irradiation time (Inset Fig. 4). How-
ever, excitation of Ptr in air-equilibrated aqueous solutions also
leads to oxidation and production of H2O2 [38]. For that reason,
to find out if the H2O2 detected in our experiments is formed by
the photosensitized process or by the photolysis of Ptr itself,
H2O2 was determined in control experiments performed in the ab-
sence of BSA. The results confirmed the first hypothesis; i.e. the
rate of H2O2 production was much higher in the presence of BSA
than in its absence.

In an independent series of experiments, irradiated air-equili-
brated solutions containing BSA (1–3 lM) and Ptr (10–100 lM)
were analyzed by SDS–PAGE (Section 2). A significant decrease in
the BSA concentration was observed as a function of irradiation
time (Fig. 5). To quantify the decrease in the concentration of
BSA, the gels were submitted to densitometric analysis (Fig. 5).

No changes in BSA were detected by spectral and SDS–PAGE
analyses in solutions containing both compounds at different con-
centrations, kept in the dark for more than 2 h. Therefore, thermal
reactions between Ptr and BSA were discarded. In another set of
control experiments, BSA solutions were irradiated in the absence
of Ptr and no chemical modification of the protein was detected,
even after more than 60 min of irradiation. Consequently, as ex-
pected, direct effects of the radiation on the BSA molecule can be
dismissed. Therefore the results shown in this section should be
attributed to processes photosensitized by Ptr. To the best of our
knowledge, this is the first evidence of damage to BSA photoin-
duced by a pterin.

3.3. Mechanistic analysis

The studied process can be initiated by excited Ptr in its free or
protein-associated form. Taking into account the relatively low
binding constant calculated (vide supra), it seems unlikely that the
Ptr bound to the protein play a significant role in the photosensitized
process. The excited free Ptr, however, produces a short-lived sin-
glet state [39] and longer-lifetimes triplet states (intersystem
crossing quantum yield: 0.20 [40]), usually responsible for the
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photosensitized reactions. This has been proven for pterins [16] and
the related compounds lumazines [41,42] using nucleotides as tar-
gets. Therefore it is expected that the photosensitized damage to
BSA is initiated by the triplet excited state of the free Ptr.

To confirm this hypothesis, experiments in the presence of
iodide (I�) were performed. This anion is able to interact with both
singlet and triplet excited states of organic compounds. However,
under certain conditions of concentration (100–300 lM), I� is a
selective quencher of the triplet excited states of pterins [13].
Therefore air-equilibrated solutions containing BSA (3.1 lM) and
Ptr (130 lM) were irradiated in the absence and in the presence
of I� (250 lM). SDS–PAGE analysis showed that the rate of BSA
degradation was much lower in the presence of I� than in its ab-
sence (Fig. 6). Similar results were obtained in experiments per-
formed at different pterin concentrations. Therefore these results
support our assumption that the triplet excited state of free Ptr is
involved in the mechanism of the photosensitization of BSA.

In an independent set of photolysis experiments carried out un-
der aerobic conditions, it was observed that the rate of H2O2 forma-
tion was much lower in the presence of I� than in its absence
(Fig. S1, See supplementary material). Therefore, the quenching of
triplet states of Ptr also inhibits the reaction that releases H2O2.
The H2O2 detected can be generated by spontaneous disproportion-
ation of O��2 , which, as previously demonstrated, is formed by elec-
tron transfer from the radical anion of Ptr to dissolved O2 [13].

The SDS–PAGE data of irradiated solutions of Ptr and BSA un-
der various conditions (various concentrations, pH values, geom-
etries) revealed that the degradation rate of BSA increased at
lower O2 concentrations (Fig. 7). Although Ptr is an efficient 1O2

photosensitizer [11, 43], the fact that O2 is not required for the
photosensitized process rules out the participation of reactive
oxygen species in the mechanism of the reaction. Therefore it
can be assumed that the process is initiated by an electron-trans-
fer reaction. This is interesting since it is accepted that the most
common mechanism of photosensitized damage to proteins is
via 1O2 [20]. Besides, taking into account the electron-transfer
processes induced by the triplet excited state of pterins recently
described [13], the inhibition of the protein damage observed in
O2-saturated solutions (Fig. 7) could be due to the deactivation
of the triplet state by dissolved O2, thus avoiding the electron
transfer from the protein. Finally, the effect of I� under anaerobic
conditions was analyzed. A significant decrease in the rate of BSA
consumption was observed in the presence of the anion (data not
shown).

Based on the results shown so far and on the general photo-
chemical behavior of pterins described previously, the mechanism
summarized in Reactions (3)–(10) can be proposed. After UV-A
excitation of Ptr and formation of its triplet excited state (3Ptr⁄,
Reactions (3) and (4)), three reaction pathways compete for the
deactivation of the latter: intersystem crossing to singlet ground
state (Reaction (5)), energy transfer to O2 leading to the regenera-
tion of Ptr and the production of 1O2 (Reaction (6)), and electron
transfer from BSA to 3Ptr⁄ yielding the corresponding pair of radical
ions (Ptr�� and BSA�+, Reaction (7)). BSA�+ leads to the irreversible
damage and degradation of the protein (Reaction (8)). The quench-
ing of 3Ptr⁄ by O2 (Reaction (6)) or other species, such as I� (Reaction
(60)), prevents the electron transfer reaction and, consequently,
reduce the rate of protein degradation. It is well established that
ground state O2 quenches organic radical anions to produce the
O��2 [44,45]. Therefore, in the presence of O2 the electron transfer
from Ptr�� to O2 regenerates pterin and forms O��2 (Reaction (9)),
which, in turn, is converted into H2O2 by spontaneous dispropor-
tionation (Reaction (10)) [46]

Ptr!hv 1Ptr� ð3Þ

1Ptr� !ISC 3Ptr� ð4Þ

3Ptr� ! Ptr ð5Þ

3Ptr� þ 3O2 ! Ptrþ 1O2 ð6Þ

3Ptr� þ I� ! Ptrþ I� ð60Þ

3Ptr� þ BSA! Ptr�� þ BSA�þ ð7Þ

BSA�þ ! Products ð8Þ

Ptr�� þ O2 ! Ptrþ O��2 ð9Þ

2Hþ þ 2O��2 ! H2O2 þ O2 ð10Þ

The results shown in this work demonstrate that bovine serum
albumin (BSA) can be damaged by Ptr through a photosensitized
process. Although BSA is able to bind Ptr, the corresponding bind-
ing constant for the ground state complex formation is low
[(1.27 ± 0.03) 103 M�1 at 25 �C] in comparison to those reported
for other photosensitizers and, consequently, the photosensitized
damage takes place via a purely dynamic mechanism. The process
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Fig. 6. Evolution of BSA concentration as a function of the irradiation time in air-
equilibrated aqueous solution of BSA (3.1 lM) and Ptr (130 lM) (pH = 5.5), in the
presence and in the absence of KI.
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Fig. 7. Evolution of BSA concentration as a function of the irradiation time in Ar, air
and oxygen saturated solution of BSA (1.0 lM) and Ptr (100 lM) (pH = 5.5).
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is initiated by an electron transfer reaction from the protein to
the triplet excited state of pterin, yielding the corresponding pair
of radical ions (Ptr�� and BSA�+). BSA�+ leads to the irreversible
damage and degradation of the protein, while Ptr��, under aerobic
conditions, transfers one electron to O2 regenerating Ptr and form-
ing O��2 , which, in turn, is converted into H2O2 by spontaneous
disproportionation.

Taking into account that albumin is present in the human skin
and that there is accumulation of pterin derivatives in some path-
ological skin diseases, such as vitiligo, the damage of albumin pho-
toinduced by pterins is relevant from a biomedical point of view
and can have important ramifications.

4. Abbreviations

NH4OAc ammonium acetate
kq bimolecular quenching rate constant
BSA bovine serum albumin
BSA�+ bovine serum albumin radical cation
kexc excitation wavelength
IF fluorescence intensities
sF fluorescence lifetime
Gly glycine
HPLC high performance liquid chromatography
H2O2 hydrogen peroxide
qp,0 incident photon flux
TEMED N,N,N0,N0-tetramethylethylene-diamine
Ptr pterin
Ptr�+ pterin radical anion
3Ptr⁄ pterin triplet excited state
KI potassium iodide
Q quencher
1O2 singlet molecular oxygen
SDS sodium dodecyl sulfate
SDS–

PAGE
sodium dodecyl sulfate polyacrylamide gel
electrophoresis

KSV Stern–Volmer constant
O��2 superoxide anion
Tris trishydroxymethylaminomethane
Trp tryptophan
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