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Summary. The kinetics of rose bengal-sensitized photooxidation of tyro-
sine and several tyrosine-derivatives (tyr-D) named tyrosine methyl ester,
tyrosine ethyl ester and tyrosine benzyl ester was studied in buffered pH 11
water, and buffered pH 11 micellar aqueous solutions of 0.01 M cetyltri-
methylammonium chloride (CTAC) and 0.01 M-octylphenoxypolyethoxy-
ethanol [triton X100 (TX100)]. Through time-resolved phosphorescence
detection of singlet molecular oxygen (O, (" A,)) and polarographic deter-
mination of oxygen consumption, the respective bimolecular rate constants
for reactive (k;) and overall (k,) quenching of the oxidative species by
tyr-D were evaluated. Both rate constants behave in different fashion
depending on the particular reaction medium. k./k, values, increase in
the sense CTAC<KTX100 < water, indicating, for the tyr-D family studied,
an excellent degree of self-protection against O (' A, )-attack in the CTAC
micellar system and a high photooxidability level in water. Results were
interpreted in terms of a competition between solvent polarity effects,
local substrate concentration and electron donating capabilities of the
substrates in the different media that can contribute to predict the extent
of photodynamic damage in biological environments.
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Abbreviations: CTAC, cetyltrimethylammonium chloride; 02(]Ag),
singlet molecular oxygen; 02(323’), ground state triplet oxygen;
TX100, t-octylphenoxypolyethoxyethanol; tyr, tyrosine; tyrBzE, tyrosine
benzyl ester; tyr-D, tyrosine derivatives; tyrEE, tyrosine ethyl ester;
tyrME, tyrosine methyl ester

Introduction

Model studies of the sensitized-visible light mediated-
photodamage in proteins mainly consider the chemistry
of the oxidation of free amino acids (AAs). Tyrosine (tyr)
residues represent an important site of the so-called pho-
todynamic effect in proteins, since it is one of the few
AAs susceptible to singlet molecular oxygen [Oz(lAg)]-
mediated photooxidation, Straight and Spikes (1985),

Parker et al. (2004), Svistinenko (2005) and Montfort et al.
(2006). For this reason, a number of works have been de-
voted to the elucidation of the reaction mechanism, reac-
tion products and kinetic aspects of the photodegradative
process in isolated tyr, tyr-derivatives (tyr-D) and tyr-con-
taining small peptides, Bertolotti et al. (1991), Miskoski
et al. (1993), Michaeli and Feitelson (1994), Criado et al.
(1995), Soltermann et al. (1995) and Criado et al. (1998,
2001). It is a crucial objective, in this area, to establish
possible relationships between substrate structure and sus-
ceptibility to photodynamic action. One possible approach
to this study, in complex biological assemblies is the
investigation of kinetics and mechanism involved in the
photooxidation of a given model system. Published results
indicate that the characteristics of the reaction medium
operate on the kinetics of the photodynamic event, such
as solvent polarity and pH effects. Since proteins, and
particularly tyr residues, can occupy different locations
in complex biological systems, kinetic information about
the visible-light promoted interactions between these
compounds under given environmental conditions can
help to know more on the chemical and physical behav-
iors of activated oxidative species in general, on the
potential photoreactions of said tyr-residues in particular
and on the propensity of all these process to occur as a
function of the external conditions. The dramatic increase
of tyr photooxidability with the ionization of its phenolic
OH group is known (Garcia, 1994). On this basis we
report, in the present paper, a comparative kinetic study,
in homogeneous and microheterogeneous media at pH 11,
that essentially includes the evaluation of the photooxida-
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tion efficiencies under pH conditions that maximize the
reactivity of the family of tyr-D, formed by tyr, tyrosine
methyl ester (tyrME), tyrosine ethyl ester (tyrEE) and
tyrosine benzyl ester (tyr-BzE), towards [Oz(lAg)], em-
ploying water, the positively charged cetyltrimethylam-
monium chloride (CTAC) and the neutral t-octylphenoxy-
polyethoxyethanol, Triton X-100 (TX100) detergents as
reaction media.

Micelles have been proposed as a primitive model for
the environment represented by biological systems and
constitute an attractive mimicking for biomembranes,
Chattopadhyay et al. (2002). They possesses a number of
important and essential features of these non simple sys-
tems, although lacking much of the complexity associated
with the biological assemblies. Reactions in detergents
may strongly reflect constraints imposed by their micellar
environment, such as local concentration and stabilization
of ionic species. This information is particularly important
since a substrate incorporated into a given microhetero-
geneous structure may be located in a variety of media
that could deeply affect its reactivity. In this context, we
think that the information about kinetic aspects of the
photodynamic effect in combination with the interaction
of organized media with amino acids would provide valu-
able information for deeper understanding on the effects
of photosensitized reactions in biological environments
and constitute an intermediate step in the extrapolation to
more complex systems. Although the pH conditions used in
this study may not be considered suitable for a study in
biological systems, in this particular case, it allowed an
exacerbation of tyr photodynamic susceptibility, simplify-
ing the kinetic study of neat oxidative reactions.

Materials and methods

Materials

Tyrosine, tyrosine methyl ester, tyrosine ethyl ester, tyrosine butyl ester,
tyrosine benzyl ester, triton X100, sodium azide (NaN;) and deuterium
oxide 99.9% (D,0), were purchased from Sigma Chem. Co., Rose Bengal
(RB) was from Aldrich and furfuryl alcohol (FFA) was from Riedel de
Haén. All these chemicals were used as received N-phenyl-1-naphthyl-
amine was purchased from Merck. It was recrystallized from methanol
and subsequently vacuum sublimed. Purified CTAC was a gift from
Dr. M. Hamity. Water was triply distilled. All the measurements were
carried out at room temperature and with freshly prepared solutions.
Buffered aqueous solutions (pH 11) were prepared with Na,HPO, 0.05
and NaOH 0. 1 M, Weast (1963).

Methods

Absorption spectra were registered with a Hewlett Packard 8452A diode-
array spectrophotometer. Continuous photolysis was performed in a home-
made photolyser with a 300-W quartz-halogen lamp and a cut-off filter at
360nm, using RB (Abss3o=0.5) as a sensitizer. The overall quenching
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rate constant k. of the Oz(1 A, )-deactivation by each tyr-D (see Scheme 1)
was determined as reported elsewhere, Neumann and Garcia (1992).
Briefly, RB was excited with the frequency doubled output at 532 nm,
of a Nd:YAG laser (Spectron). The emitted 02('Ag)—phosphorescence
at 1270nm was analyzed by time-resolved phosphorescence detection
(TRPD) at right angle using a Judson J16/8Sp germanium detector, after
passing through the appropriate filters. The amplified output of the detec-
tor was coupled to a digital oscilloscope and to a personal computer to
process the decay signal. Usually, averaging 10 laser shots was enough to
get a good signal-to-noise ratio. Air-saturated solutions were employed in
all the cases. RB (Abss3p =0.3) in air-equilibrated solutions were used as
sensitizers. In the TRPD determinations, D,O was employed as solvent
in order to enlarge the Oz(lAg) lifetime, Nonell et al. (1995). Oz(lAg)
decay lifetimes were evaluated in the presence (1) and in the absence (t()
of quencher; the data were analyzed as a function of tyr-D concentration,
according to a simple Stern-Volmer expression: 1/t=1/t¢+ ktyr-D].
The value of k. for the reaction of each tyr-D with RB-generated
Oz('Ag) was determined by a relative method, using the expression:
slope/slopeg = k,[tyr-D]/k,x [R], and assuming that the reaction of
Oy ! A,) with the quencher (reaction (4)) is the only pathway of oxygen
consumption, Scully and Hoigne (1987). Briefly, in this method the slope
of the first order plot of oxygen consumption by each tyr-D (slope) and by
a reference compound R (sloper) are determined experimentally in the
same conditions of temperature and concentration. The reference com-
pound used here was furfuryl alcohol (FFA), with determined rate constant
values in the different media, as follows: kg waer = 2.4x 108 M~ ! sec™!,
kiR Tx100 = 1.1X 108 M~ !'sec™! and kiR ctac = 1.2 108 M~ !'sec™! all
prepared in pH (water)/pD (detergents) 11 buffered aqueous solutions
in the presence of detergent concentration 10 mM.

Determination of CMC

In this study, the critical micellar concentration (CMC) in CTAC and
in TX100, both in pH 11 buffered aqueous solution, in the presence of
0.5mM tyr was determined with a well established method, from the
concentration of detergent at which a sharp increase in the fluorescence
intensity of N-phenyl-1-naphthylamine (0.01 mM) begins, Bertolotti et al.
(1989a). The fluorescence quantum yield of this compound is highly
dependent on the solvent polarity and therefore it can be used as a probe
for CMC determination. Fluorescence intensity was measured with a Spex
Fluoromax spectrofluorometer at 25 £ 1°C in air-equilibrated solutions
with excitation and emission wavelengths of 350 and 408 nm, respectively.

Results

Interaction of anionic tyr-derivatives with CTAC micelles

It has been well established that the species involved in
the sensitized photooxidation of phenolic compounds in
general, and tyr-D in particular, are the phenolate ions,
Bertolotti et al. (1991), Garcia (1994) and Criado et al.
(1998, 2001). In order to maximize the oxidative in-
teraction, in principle attributed to a Oz(lAg)—mediated
reaction, we exclusively worked in buffered pH 11 aque-
ous solutions, Garcia (1994) and Wilkinson et al. (1995).
According to reported pK, values for the phenolic OH
group, tyr-D are mostly in their anionic form at this pH,
Weast (1963) and Criado et al. (1995).

The UV spectra in pH 11 buffered aqueous solution of
all tyr-D (ca. 0.5 mM) studied exhibited a red shift in a
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10mM CTAC micellar medium as compared to those in
pH 11 aqueous solution, as shown in Fig. 1 inset I, for the
case of tyr. The same was true for RB, the photosensitizer
employed in this work, as can be observed in inset II of
Fig. 1. CTAC is a cationic detergent, forming polar, posi-
tively headed micelles, with C1™ as a counterion, whereas
TX100 forms non-ionic micelles. Results clearly indicate
an interaction between the tyr-D employed in this work
and micellised CTAC, as previously reported for other
phenols, Bertolotti et al. (1989b) and Luiz et al. (2002).
No spectral shifts were observed, neither in tyr-D nor in
RB, when CTAC was replaced by 10mM of TX100,
always at pH 11, with exception of tyrBzE for which a
very small blue shift was observed.

The concentration of both detergents employed ensures
that micelles are completely formed in pure water. Never-
theless, the increased solubility of some compounds in the
presence of micelles may affect the micellar volume and
could change the number of surfactants units associated
with the micelle. In order to determine the actual CMC
values in the presence of tyr-D, the experiments described
in the methodology section were done (Fig. 2, inset), em-
ploying tyrME as a representative compound (see Fig. 2,
inset). Results indicate that CMC of TX100 remains in its
value for pure water (ca. 0.3 mM), whereas for CTAC de-
creases from 1.4mM in pure water to 0.085 mM in the
presence of the tyr-D (data not shown), Fendler (1982).
This tendency is in agreement with published data: for
tryptophan 0.4 mM in 10 mM TX100, pH 7, the reported
CMC value was 0.34 mM and for chlorophenols 0.1 mM
in CTAC, pH 10, the reported CMC value was 0.06 mM,
Bertolotti et al. (1989b) and Criado et al. (1997).

Sensitized photoirradiation of tyr-D in water
and in micellar solutions

Individual solutions of tyr-D either in water or in the
micellar solutions, were irradiated, with visible light, in
the presence of the well known O,('A,) sensitizer RB
(Abss34,m =0.5). The dye is an efficient and almost ex-
clusive Oy (' A, ) photogenerator, with a quantum yield 0.7
in water, Amat-Guerri et al. (1990) and Wilkinson et al.
(1995). Important changes were observed in the respective
absorption spectra of the tyr-D (see main Figs. 1 and 2).
As control experiments, solutions of RB (Abss3sum=
0.5-0.6), in pH 11 aqueous solution in the presence and
in the absence of 0.01M CTAC or 0.01 M TX100, and
always in the absence of tyr-D, were photoirradiated. It is
important to emphasize that in all three cases no modifi-
cations were observed in the whole absorption spectrum

of the sensitiser, even employing ten-fold higher irradia-
tion doses than those described in Figs. 1 and 2 for the
photooxidation of tyr-D.

Although in homogeneous media the reactivity of the
mentioned tyr-D towards Oz(lAg) is known, several clas-
sic complementary experiments were carried out in order
to confirm this fact, both in the absence and in the pre-
sence of the surfactant, as follows: a) the reaction was
totally suppressed in the absence of dissolved molecular
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Fig. 1. Spectral changes of tyrosine 0.1 mM in air-equilibrated aqueous
solution (pH 11) after photoirradiation with visible-light in the presence
of Rose Bengal (Absszg 0.5). Inset I: absorption spectra of tyrosine (ca.
0.5mM) in water, pH 11 (@) and in 0.01 M CTAC, pH 11 (b). Inset II:
Absorption spectra of Rose Bengal in water, pH 11 (a) and in 0.01M
CTAC, pH 11 (b). Numbers on the main figure represent irradiation
times (sec)
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Fig. 2. Spectral changes of tyrosine-methyl ester 0.1 mM in air-equili-
brated aqueous solution (pH 11) after photoirradiation with visible-light
in the presence of Rose Bengal (Absszg 0.5). Inset: Fluorescence inten-
sity (F) of N-phenyl-1-naphthylamine in pH 11 aqueous solution, as a
function of Triton X100 concentration, in the presence of tyrosine
0.5 mM. Numbers on the spectra represent irradiation times (sec)
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oxygen, as well as in the presence of 10mM NaNj;, a
known selective O, (lAg) quencher; b) the spectral changes
in D50, at the same irradiation fluences, were compara-
tively faster than in H,O, Foote (1984), Bertolotti et al.
(1991), Miskoski et al. (1993), Criado et al. (1995) and
Wilkinson et al. (1995). According to currently accepted
criteria, these observations indicate that the photooxida-
tion of tyr-D is largely an Oz(lAg)-mediated process,
Foote (1984). Furthermore, an unambiguous evidence for
this interaction is given by the Oz(lAg) quenching experi-
ments performed by TRPD (vide infra).

The following scheme summarizes the most important
reactions of generation and deactivation of 02(1Ag), and
were employed for the evaluation an discussion of the
present results.

RB ™ IRB* 5 SRB* (1)
RB* + 0,8, ) 2 RB + 0,('A,) )
0('2y) = 05(°%, ) (3)
02('Ay) + tyr-D £ 0,(°8,") + tyr-D 4)
0:('Ay) + tyr—Diproducts (3)

Scheme 1. Main steps in a sensitized photooxidation process,
mediated by singlet molecular oxygen [Oz(lAg)]

The absorption of light by RB, the sensitiser, gives rise to
the electronically excited singlet and triplet states (reac-
tion (1)), and an energy transfer from this triplet to ground
state molecular oxygen 02(3Eg_) generates the excited
oxygen species 02(1Ag) (reaction (2)). This can decay
by light emission (phosphorescence) and by collision with
surrounding molecules (typically the solvent) (reaction
(3)), or interact physically (reaction (4)) or chemically
(reaction (5)) with a quencher.

From the Oz(lAg) decay analysis at several tyr-D con-
centrations, the values of k; (k;=kq +k;) were determined
(Table 1) employing TRPD from linear Stern-Volmer
plots (Fig. 3). D,O instead of H,O was employed in
the time-resolved experiments, in order to enlarge the
Oz(lAg) lifetime to detectable limits of our apparatus,
Nonell et al. (1995).

To/T = 1 4 kTo[tyr-D] (6)

Using the specific oxygen electrode the rates of oxygen
uptake by the photoirradiated tyr-D solutions were mea-
sured, in water, in CTAC and in TX100 solutions. Oxygen
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Fig. 3. Stern-Volmer plot for the quenching of Oz(lAg) phosphores-
cence (analytical wavelength 1270nm) by: tyrosine in pH 11 water
(a), tyrosine ethyl ester in pH 11 aqueous solution, in the presence of
Triton X100 10mM (b) and tyrosine methyl ester in pH 11 aqueous
solution, in the presence of CTAC 10 mM (c). Rose Bengal (Abssz, 0.3)
as a photosensitiser
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Fig.4. First order plot of oxygen uptake in the Rose-Bengal-sensitized
photooxidation of tyrosine methyl ester 0.5mM in pH 11 water (@), in
pH 11 CTAC 10 mM (b), in pH 11 Triton X100 10 mM (c) and of furfuryl
alcohol 0.5mM in pH 11 water (d). Rose Bengal as a photosensitiser
(Absszg 0.5)

consumption upon irradiation of aerated solutions of RB
plus tyr-D was totally inhibited by 10 mM NaNj.

The k, values for tyr-D (Table 1), were graphically
obtained through the described treatment of the data of
oxygen uptake (Fig. 4).

Regarding Og(lAg)—mediated photooxidations (invol-
ving processes (9—11), their efficiency is correctly
evaluated through the determination of the photooxida-
tion quantum efficiency, ¢.=k.[tyr-D]/(kq +k[tyr-D]),
Garcia (1994). The o, value so determined takes into
account the simultaneous effect of the physical and che-
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Table 1. Rate constant values for the overall (k, M~! sec™") and reactive (k, M~! sec™!) quenching of singlet molecular oxygen [02(1 A, )] by tyrosine
and related compounds, and k,/k, ratios, in water, CTAC 10mM and Triton X100 10mM, all in pH 11 buffered solutions

tyr-D  k, water k. TX100 k. CTAC k. water k. TX100 k; CTAC k/ke  ke/k k. /k¢
x108MTsec™!  x108M'sec™!  x10°M 'sec™! x108M'sec™! x103M 'sec™! x10°M~'sec™! water TXI100 CTAC
tyr 1.540.1 0.37 £0.01 6.1+02 2440.1 3.5+0.1 1440.1 0.6 0.1 0.004
tyrME 33402 1.4 +0.1 42 +0.1 49 +0.1 5.8+0.1 0.82 £ 0.02 0.7 0.2 0.005
tyrEE 23+0.1 1340.1 54402 23+0.1 32+0.1 44 40.1 1 0.4 0.001
tyrBZE  0.042 +£0.002  0.033 +£0.002  1.2+0.1 1.640.1 1.840.1 0.38 + 0.01 0.03  0.02 0.003

mical interactions, being the ky contribution usually in-
terpreted in practical terms as a sort of self-protection
against Oz(l A,)-mediated photooxidations. Nevertheless,
the ¢, value depends on the concentration of the photo-
oxidizable substrate ([tyr-D] in the present case), which is
particularly difficult to estimate in complex systems such
as biological environments. On the other hand, no relevant
information about these photoreactions can be obtained
from the straightforward analysis of isolated k, and k;
values, Garcia (1994). A simpler and more useful ap-
proach is the evaluation of the k,/k, ratio (Table 1), which
can be envisaged as the fraction of the overall interaction
O,(' A,)-substrate that leads to effective chemical trans-
formation. In other words, in a biological environment, a
low k. /k, ratio would mean some degree of self-protection
of a given substrate against photodynamic damage, and
also a protection for surrounding photooxidizable targets.
This, on the basis that a low k,/k, quotient indicates that
the oxidative species is mainly physically deactivated by
the substrate and that its reactive (oxidative) component is
reduced to a lower extent.

Discussion

It is known that substrate solubilization in micelles can
occur in two different sites: one corresponding to a hydro-
phobic region, in the micellar interior and the other, in a
more polar environment, at the micelle-water interface,
Bertolotti et al. (1992).

In previous papers we studied the interaction between
cationic micelles and different phenols and hydroxy-
byphelys, Bertolotti et al. (1992), Biasutti et al. (1997)
and Luiz et al. (2002). The results indicate that those phe-
nolic compounds in their anionic forms interact with
CTAB and CTAC micelles. This fact clearly obeys to an
association between phenolate ions and the cationic head
groups on the micelle, due to delocalisation of the charge
in the phenolate. In this paper we assume for tyr-D a
similar interaction with CTAC micelles that the above
described for other phenols and hydroxyaromatic deriv-

atives. Zhang and Xu (1994), reported on the photo-
sensitizing properties of metal-phthalocyanines in pH 10
CTAC and aqueous solutions, employing tyr as a photo-
oxidizable target. The main emphasis of the investigation
was centered on the interaction sensitiser-micelle and on
the competence between the pathways of electron abstrac-
tion and singlet oxygen generation, by the sensitizers. The
authors also conclude that tyr is bound to the micellar
surface in CTAC and intercalated into the interior of the
micellar phase in TX100.

In our case, the changes in the electronic absorption
spectra of tyr-D in the presence of CTAC micelles (Fig. 1,
inset), clearly indicate an association substrate-micelle.
On the other hand, the absence of any spectral shift for
the system tyr-D — TX100, with respect to water as a sol-
vent, strongly suggests an absence of interaction between
tyr-D and the micelles. This result is in agreement with
previous studies, Rossi et al. (1981), Encinas and Lissi
(1982) and Lambert et al. (1986), in the sense that free
amino acids are not incorporated into TX100 micelles. In
our case the exception was tyrBzE, for which the little
blue shift observed in TX100 could indicate that it is some
included in the less-polar micellar region. This is possibly
due to the enhanced hydrophobic character of the benzil
ester moiety as compared to the other tyr-D herein studied.

Before discussing the kinetics of the 02(] Ag)-mediated
photooxidation of tyr-D in micellar solutions, some com-
ments should be done with reference to the possible lo-
cation of RB in the micellar environment. Our results
(Fig. 1, inset II) show the red-shifted spectrum of the
dye, associated to CTAC micelles, due to an electrostatic
attraction between both the cationic micellar heads and
the negatively charged RB. Besides, it is necessary to
stress on the dynamics of Oz(lAg) in micellar media:
regardless of their locus of generation, the molecules of
the oxidative species effectively escape to the aqueous
solution and visit several micelles, prior to deactivation
Lissi et al. (1993), Bilski and Chignell (1994) carried out,
in the past decade, a systematic and detailed study on the
sensitising properties of RB dissolved in differently
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0,('A,) + OHAD [Oz(lAg) - - tyr-D] — products
!

[0,(%;) -+ tyr-D] — 0,(°%;)

+ tyr-D

Scheme 2. Quenching of singlet molecular oxygen [Oz(lAg)] by
tyrosine- derivatives

charged and neutral micelles. The authors established
that, irrespective of the micelle charge, micellised RB is
more resistant to photobleaching than free RB and pro-
duce Oz(lAg) efficiently. This is consistent with our ob-
servations on the lack of the RB absorption spectrum
changes after relatively prolonged photoirradiation.
Finally, in order to rationalize the kinetic results, the
following consideration should be taken into account: it
has been established that the process of 02(1 Ay) quenching
by phenolic compounds and N-Heteroaromatic hydroxy
derivatives in general is mainly due to the presence of the
OH group in the aromatic ring. It occurs through an en-
counter complex [Oz(lAg) -+ - tyr-D] (Scheme 2), possess-
ing partial degree of charge-transfer character, being here
tyr-D a generic OH-aromatic compound, Gorman et al.
(1979), Garcia (1994) and Pajares et al. (1998). As a con-
sequence, the kinetics of the process of Oz(lAg) quenching
is clearly favoured by an increase in the solvent polarity.
According to the former mechanism, both chemical re-
action (generation tyr-D oxidation products) and physical
quenching (regeneration of 02(3 >, "), without chemical
change in tyr-D) can operate, and the relative importance
of each process is reflected by the values of the respective
rate constants k, and k.
From the kinetic data in Table 1, the following remarkable
points arise:

a) The higher overall Og(lAg) — tyr-D interaction, repre-
sented by the respective k; values, were obtained in
CTAC, whereas the corresponding values in water and
in TX100 are very similar each other, although scarce-
ly higher in TX100.

b) k, values smoothly decrease going from water to
TX100 and abruptly decrease going from water to
the CTAC micellar system.

¢) k./k; values, increase in the sense CTAC<TX100<
water, indicating, for the tyr-D family studied, an
excellent degree of self-protection against Oz(lAg)—
attack in the CTAC micellar system and a high photo-
oxidability level in water. TX100 micellar medium
represents an intermediate situation.

d) tyrBzE constitutes an exception to some of the for-
mer generalizations: its k, values in water and in both

micellar systems are low and not so different each
other, whereas the k,/k, value remains practically the
lower in all three media.

Regarding the increase in k, values going from water to
the CTAC micellised medium could be explained by the
marked change in polarity of the medium. At pH 11 the
substrate occupies the highly polar water-CTAC micelle
interfacial region. The relatively small increase in k;
values, going from water to TX100 could obey to an in-
crease of tyr-D local concentration of the substrate in the
interfacial region of the micelle This behaviour has al-
ready been reported for N-methyl phenothiazine-oil/
water emulsions; whereas the simultaneous smooth de-
crease in respective k; values could be due to a small
reduction in the polarity of the environment by the pre-
sence of micellised TX100, Braun and Oliveros (1991).

The respective k, values of tyr-D in CTAC, as com-
pared to those in water, appear to be mainly affected by
the electron-donor abilities of the tyr-D. The electrostatic
interaction of the polar heads of the micelles with the
ionized tyr-D decreases the electron-donor capabilities
of the phenoxy groups.

The k, value for tyrBzE in water (Table 1) is between
40- and 80-times lower than the corresponding values for
tyr, tyrME and tyrEE. Also, this value is atypically low for
phenolic compounds in the alkaline pH range, Wilkinson
et al. (1995). A possible explanation for this behaviour is
related to an inefficient reactive process in the benzyl-
substituted compound due to the nature of entrophy-con-
trolled step of the reactive pathway within the encounter
complex (Scheme 2), as previously postulated for indoles,
furans and some phenolic derivatives such as o-tocoph-
erol, Gorman et al. (1979, 1984). The reactive pathway is
affected irrespective to the nature of the reaction medium
involved. Simultaneously, k; values for tyrBzE are rela-
tively high in all media studied, as corresponds to a reac-
tion controlled by solvent polarity and local concentration
of the substrate. As a consequence, the respective k;/k;
values indicate very low photodegradation efficiencies for
the benzyl-derivative.

Finally, a comparison between the evolution of k, and
k./k. values in water and in CTAC and TX100 micellar
systems indicate that tyr-D in CTAC micelles behaves as
the most efficient O, (' A,) scavengers. In this sense, they
exhibit a better degree of self-protection against Oy (' A,)-
mediated photooxidation with the highest values for the
overall quenching rate constant and simultaneously the
lowest k./k; ratios. In other words this mean that this
combination tyr-D/medium offers the greatest deactiva-
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tion of the photooxidative species Oz(lAg), and a mini-
mal substrate loss, whereas water is a medium that
favours photodegradation, with photooxidation efficien-
cies between 100 and 60% (Table 1).

Conclusions

Results on the kinetics of tyr-D sensitized photooxidation
are interpreted in terms of a competition between solvent
polarity effects, local substrate concentration and electron
donating capabilities of the substrates in the different
media. Nevertheless, it should be emphasized that although
all the conditioning factors could be simultaneously pre-
sent in a given system, such as an environmentally com-
plex biological medium, the prevalence of one of them
determines the photodegradative fate of a substrate. In
this context, the knowledge of the photooxidative kinetic
behaviour of AAs residues, under given experimental con-
ditions, can contribute to predict the extent of photody-
namic damage in biological environments.
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