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UVA-Irradiated Pheomelanin Alters
the Structure of Catalase and

Decreases Its Activity in Human Skin
John M. Wood' and Karin U. Schallreuter'?

More than 40 years ago Aronoff showed that catalase structure and activity is
seriously affected by photo-oxidation of its own substrate, hydrogen peroxide,
owing to cleavage of its porphyrin active site. Here we support the results of
Maresca et al. (in this issue) and expand on them by using structural modeling
of native catalase and its photo-oxidation product, where both methionine and
tryptophan residues are oxidized, yielding a deactivated enzyme.

Journal of Investigative Dermatology (2006) 126, 13-14. doi:10.1038/sj.jid.5700051

In this issue of the Journal of Investigative
Dermatology, Maresca and co-workers
show that both the charge and the activ-
ity of epidermal catalase are severely
affected by reactive oxygen species
(ROS) generated by UVA-irradiated
pheomelanin photochemistry (Maresca
et al., 2006, this issue). This work sup-
ports and expands on earlier research
from Aronoff, who was the first to dem-
onstrate that the porphyrin ring of the
active center of catalase is photo-oxi-
dized by UVR (Aronoff, 1965). Almost
two decades later, Menon and col-
leagues showed that UV as well as vis-
ible light, together with pheomelanin,
produced sufficient ROS, which in turn
caused cytotoxicity of Ehrlich ascites
carcinoma cells (Menon et al., 1983).

Nowadays the production of short-lived
singlet oxygen and its conversion to
hydroxy! radicals by the photo-oxida-
tion of pheomelanin or by porphyrin are
well established (Menon et al., 1983;
Nordberg and Arner, 2001). The ques-
tion arises: how do these ROS affect
protein structures?

In this context, the two amino acids
methionine and tryptophan in protein
sequences are targets for oxidation, con-
sequently leading to structural altera-
tions and thus deactivation of proteins
(for review see Schallreuter, 2005).
Methionine is more vulnerable to oxi-
dation by ROS than tryptophan; it forms
two diastereomers of methionine sulf-
oxide (R and $), whereas tryptophan is
converted to 5-OH-tryptophan (Neiers et
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al., 2004). It has been shown that several
important enzymes are deactivated by
hydrogen peroxide because of oxidation
of those two amino acid residues in their
sequences, including pterin 4a-carbi-
nolamine dehydratase (EC 4.2.1.96) and
dihydropteridine reductase (EC 1.6.99.7),
both involved in the recycling of the
essential cofactor (6R)-L-erythro-5,6,7,8-
tetrahydrobiopterin (6BH,), as well as
acetylcholine esterase (EC 3.1.1.7) (for
review see Schallreuter, 2005).

Maresca et al. identified 5-OH-tryp-
tophan and methionine sulfoxide as
oxidation products of UVA/pheomela-
nin photo-oxidation in the sequence of
catalase by applying fluorescence spec-
troscopy and micro-Raman spectros-
copy. The chosen reference standard
for methionine sulfoxide has two peaks
(see Figure 7 in Maresca et al., 2006),
indicating that this standard must be a
mixture of two compounds. One would
suspect that the standard is a mixture of
methionine sulfoxide and methionine
sulfone, but this assumption should
be confirmed by amino acid analysis
(Hasse et al., 2004). Moreover, it is sur-
prising that the porphyrin ring of cata-
lase is not affected under the experi-
mental conditions chosen.

Computer-assisted analysis of the cat-
alase protein structure using HyperChem
(Hyperchem Inc., Gainesville, FL,
USA) and DeepView (Swiss Institute of
Bioinformatics, Lausanne) indicates a
significant change in the three-dimen-
sional structure of catalase after oxida-
tion of the eight methionine (at posi-
tions 61, 181, 212, 284, 339, 350, 392,
and 394) and five tryptophan residues
(at positions 143, 183, 186, 227, and
303) in the sequence of each subunit.
Taking into consideration that each
methionine and each tryptophan gain
one oxygen atom upon oxidation, it
can be calculated that the molecular
weight of one oxidized catalase sub-
unit would increase by 208 daltons. As
the fully active enzyme is assembled by
four subunits, the net gain would give
a molecular weight of 1.232 kilodal-
tons, consequently changing the tertiary
structure with partial deletion of some
o-helices and some B-pleated sheets,
which in turn would alter the isoelec-
tric point, explaining the results of the
Western blot in the report by Maresca et
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al. Moreover, this oxidation also leads to
deactivation of the enzyme because of
the structural changes in the active site,
explaining the decreased enzyme activ-
ity observed by Ogawa et al. (2006; this
issue). Methionine sulfoxide residues are
repaired by reduction back to methio-
nine by two complementary methionine
sulfoxide reductases (MSRA and MSRB),
which have been shown recently to be
present in the human epidermis (Ogawa
et al., 2006; Schallreuter, 2006). At this
point it would be useful to know wheth-
er catalase activities and protein expres-
sion or the repair enzymes differ in fair
and dark skin. This is certainly the case
for other antioxidant enzymes, such as
thioredoxin reductase, which reduces
hydrogen peroxide to water (Schallreuter
and Wood, 2001). Taking the above
results together, it is not surprising that,
after excessive UVA exposure, catalase
is deactivated, especially in fair-skinned/
blond/red-headed phenotypes, because
of the presence of pheomelanin, which
itself generates ROS. However, it should
be recognized that catalase represents
the first line of defense against hydro-
gen peroxide-mediated damage in all
organs and tissues. The importance of
this enzyme was just recently high-
lighted when the overexpression of

mitochondrial catalase in the murine
model increased the lifespan of the mice
by 40%; this emphasizes the involve-
ment of the enzyme in the aging pro-
cess (Schriner et al., 2005). Decreased
levels, activity, and protein expression
of epidermal catalase have indeed been
extensively documented in patients with
acute vitiligo, in whom it was shown
that hydrogen peroxide levels in the mil-
limolar range lead to deactivation and
low protein expression of this enzyme
(Schallreuter et al., 1991; Schallreuter,
2005). However, it is important to rec-
ognize that ROS can cause both inac-
tivation/deactivation and activation of
enzymes, depending on their concentra-
tion (for review see Schallreuter, 2005).
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