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Copper is not responsible for the visible fluorescence of blue
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The fluorescence of several blue copper proteins upon excitation at 330 nm has been studied. This

fluorescence is not related to the redox state or even to the presence of copper, which in some cases can

act as a quencher. The intensity of emission seems instead related to the amount of carbohydrate present
or to tryptophan photooxidation products.
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1. INTRODUCTION

Blue oxidases contain Cu** characterized by dif-
ferent  spectroscopic features: the ‘blue’
paramagnetic Type 1 copper, so called because of
a strong charge transfer absorption at about
600 nm (¢ = 4-600 m?-mol '), the paramagnetic
Type 2 copper, with normal spectroscopic proper-
ties, and the Type 3 copper, a pair of magnetically
coupled cupric ions {1,2]. Type 3 copper is con-
sidered to give rise to an absorption band at
330 nm, though some authors have suggested that
Type 2 copper is also in some way involved [3].
Such uncertainty comes in part from the difficulty
in elucidating the nature of the electronic transi-
tion underlaying the absorption band [4].

Recently, in analogy with findings on the copper
proteins hemocyanin [5], tyrosinase [6] and thio-
nein [7,8], two independent groups reported that
tree laccase, a member of the family of blue ox-
idases, shows a blue fluorescence (emission max-
imum 430 nm) when excited at 330 nm {9,10]. This
fluorescence has been attributed to the Type 3 cop-
per. We here show that this emission is rather link-
ed to the protein moiety and not to the metal.
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2. MATERIALS AND METHODS

Rhus vernicifera laccase and stellacyanin and
Rhus succedanea laccase were purified from the
dried acetone powder from the latex of the
Japanese and Vietnamese lacquer tree, respective-
ly. They were both supplied by Saito {Osaka). In
the former case the procedure in [11] was used, in
the latter one the procedure in [12] using the frac-
tion eluted with 0.2 M phosphate from the
DEAE—-Sephadex column as previously described
(O’Neill et al., submitted). Ascorbate oxidase was
isolated from green zucchini as in {13]. Azurin was
purified from Pseudomonas fluorescens [14}.

Apo-stellacyanin and apo-azurin were prepared
as in [15] and [16]. Apo-laccases and apo-
ascorbate oxidase were prepared by dialysis against
0.1 M KCN in 0.1 M phosphate buffer, pH 7.2,
The final pH of the solution was 9.3.

The protein concentration was determined by a
biuret method [17] and by the molar extinction
coefficient at 280 nm (stellacyanin: ¢ = 23500;
azurin: ¢ = 10700; ascorbate oxidase: ¢ = 240000;
Jap. laccase: ¢ = 93 500; Viet. laccase: ¢ = 120000).

Copper content was  determined by
2,2’ -biquinolyl reaction {18). Carbohydrate con-
tent was determined by the method in {19}, using
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D-(+)-mannose as the standard.

Fluorescence spectra were measured with a Fica
L 55 Spectrofluorimeter which gives spectra cor-
rected for the energy of excitation and for the
response of the photodetector.

Irradiation of BSA was performed in buffered
solution (pH 7) with a TQ 718 high-pressure Hg
Hanau UV lamp (500 W) placed at 10 cm from the
sample and equipped with a quartz cooling
apparatus.

3. RESULTS AND DISCUSSION

Laccase samples show a fluorescence at 430 nm
when excited at 330 nm as already reported (fig.1).
The same figure shows that also stellacyanin, a
single copper-containing blue protein, is fluores-
cent with the same excitation and emission
parameters, though it lacks Type 3 Cu®*. On the
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Fig.1. Fluorescence of blue proteins excited at 330 nm.
All the samples had an optical absorption at 330 nm =
0.3 cm™! and were dissolved in water. (a) Azurin (2.6 x
107* M); (b) ascorbate oxidase (2.7 x 107° M); (c)
stellacyanin (3 x 10~ M); (d) Vietnamese laccase (7.5 X
1073 M); (e) Japanese laccase (9 x 107> M); (f)
ascorbate oxidase (copper-free) (4.5 x 107> M); (g)
stellacyanin (copper free) (2.8 x 107*M); (h)
Vietnamese laccase (copper free) (1.2 x 107* M).
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contrary, ascorbate oxidase which has Type 3 Cu
and a higher 330 nm absorption band is much less
fluorescent. The reduction of these copper proteins
with stoichiometric amounts of ascorbate in the
absence of air increases their visible fluorescence.
The total removal of copper is even more effective
in increasing this emission. This finding rules out
any role for copper, but a quenching ability, in the
330 nm fluorescence of blue oxidases. The
fluorescence observed must therefore be
originating from the protein moiety. It is in-
teresting to point out that there appears to be a
correlation between the carbohydrate content of
the copper proteins investigated and the
fluorescence observed (table 1). Azurin, a single
Cu-containing blue protein devoid of car-
bohydrate, is the least fluorescent. Besides the in-
volvement of carbohydrates an ageing process also
appears to be involved. Samples of azurin aged by
storing at —25°C for months to years exhibited a
visible fluorescence of less intensity. The effect of
ageing on the intensity of the fluorescence spectra
was studied using BSA, a protein devoid of car-
bohydrates. An artificial ageing process was set up
by irradiation with UV light. After irradiation for
2 h, the visible fluorescence of BSA was found to
be almost doubled (fig.2). The intrinsic
fluorescence (ex, 280 nm; em, 335 nm) dropped by
a factor of 4. This is due to tryptophan photoox-
idation [20].

Recently one of the two groups who first
described the extrinsic emission from blue oxidases

Table 1

Carbohydrate content and relative fluorescence of
various proteins

Proteins Carbohydrate Fluorescence®
content (arbitrary
% (w/w) units)

Azurin 1 10

Ascorbate oxidase 8 34

Stellacyanin 20 56

Viet. laccase 26 69

Jap. laccase 27 76

Bovine serum albumin 0.02 9.5

# Excitation: 330 nm; emission: 430 nm. Each value is
the mean of 3 different samples, which gave slightly
different results
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Fig.2. Fluorescence of irradiated bovine serum albumin.

Experiments were performed with 1.5 mg/ml BSA in

100 mM phosphate buffer pH 7. (2) Freshly prepared

solution; (b) after 120’ irradiation; (c) after 180’
irradiation.

disproved their previous assignment to Type 3
Cu®* but assigned the emission to carboxylate
groups of proteins [21]. This investigation shows
that the faint blue fluorescence observed in many
copper proteins may be of various origins. It is
definitely not due to any type of copper present
and particularly important could be the car-
bohydrate component and/or the oxidation pro-
ducts of tryptophan.
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