Volume 27, number 2

FEBS LETTERS

November 1972

MODE OF SINGLET OXYGEN INDUCED CHEMILUMINESCENCE IN THE
PRESENCE OF ERYTHROCUPREIN
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1. Introduction
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known copper protein called erythrocuprein [1] have
been reported in recent years. A summary of the

basic structural and biochemical principles will soon
be published [2]. This copper and zinc containing
metalloprotein displays an important biochemical
function, namely it accelerates the disproportionation
of univalent superoxide anion radicals into H, O, and
0, [3, 4] . Due to this biochemical reactivity erythro-
cuprein was renamed superoxide dismutase. On the
other hand, the scavenging of singlet oxygen by
erythrocuprein was considered of utmost importance
[5] . During the enzymic catalysed oxidation of
xanthine singlet oxygen was detected by measuring
the subsequent chemiluminescence in the presence of
luminol. Usually, the chemiluminescence was recorded
using a scintillation counter. In those chemilumines-
cent assays described elsewhere [5, 6] the coincidence
circuit was deliberately turned off to increase the
yield of the light emission. However, we were especial-
ly interested in the mode of light emission under
minimized interferences from other sources. Further-
more, a stronger chemiluminescence was expected at
pH values >8.0 due to the increased stability and
yield of O3 [7].

The inhibition of the chemiluminescence caused by
singlet oxygen was studied in the presence of erythro-
cuprein. At pH 7.9 + 0.1 a normal decay curve was de-
tectable. At higher pH the initial light emission was
followed by a distinct maximum which was shifted
towards a longer time. In the presence of erythro-
cuprein this maximum appeared much earlier. The re-
lative inhibition of the chemiluminescence was smaller
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at pH 9.0. A quantitative evaluation of erythrocuprein
concentrations using this scintillation method was
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2. Experimental

Bovine erythrocuprein was prepared from fresh
erythrocytes using organic solvents, gel- and DEAE 23
chromatography [2, 3] . Singlet oxygen responsible for
the chemiluminescence was produced using the xanthine-
xanthine oxidase system in the presence of luminol.
Light emission was measured in a Packard scintillation
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Fig. 1. Total light emission without (#—e—e) and with 2.2 nM

erythrocuprein (0—o0—o). Each scintillation vial contained in

a volume of 2.11 ml: Xanthine 4.5 mM; luminol, 1 mM; cata-

lase 1.4 X 10 LU.; HEPES buffer 50 mM. The reaction was

started with 50 ul xanthine oxidase (0.04 units as defined in
[8]. The counting time was 10 min.
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Fig. 2. Relative inhibition of singlet oxygen formation in the

presence of different erythrocuprein concentrations (e —e—a).

Alternatively, the pH dependence at a constant erythrocuprein

concentration (3.2 nM) is depicted (o-—-o0~-0). The assay con-
ditions were exactly the same as in fig. 1.

counter (model 2002). The setting was exactly as for
3H-counting. The coincidence circuit was turned on.
The reaction was started with xanthine oxidase. The
first reading was taken after 10 sec. The counting
rate was over 50 000 cpm. The control value omitting
xanthine oxidase was 5 + 3 cpm.

3. Results

Upon adjusting the pH to 8.6 the light emission was
16 times higher compared to the corresponding mea-
surements at pH 7.8 (fig. 1). Added erythrocuprein re-
duced this scintillation markedly. The relative in-
hibition was more expressed at pH 8.0 + 0.2 (figs.

1 and 2). Under the present conditions the diminished
light emission was linear to different erythrocuprein
concentrations.

A most interesting phenomenon was observed when
the velocity of the light emission (expressed as cpm)
was plotted versus the time. At pH 7.9 £ 0.1 a normal
decay curve can be seen. Starting from pH 8.2 both a
different time course and a higher yield of the light
emission is apparent. The initial decay of the light
emission was followed by a distinct maximum which
was shifted towards a longer time at increasing pH
values. In the presence of erythrocuprein the initial
light emission was strongly diminished and the maxi-
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Fig. 3. pH and time dependent velocity of light emission in
the absence (a) and presence (b) of erythrocuprein. 2.11 ml
of the scintillation assay mixture were composed of: xanthine,
4.5 mM; luminol, 1 mM; catalase, 1.4 X 10> L.U.; HEPES
buffer, 50 mM; start with 50 ul xanthine oxidase (0.04 units
per definition as in [8]). ®pH 7.8; @ pH 8.0; ® pH 8.2; @
pH 8.4 and @ pH 8.6. Counting was performed in dim day-
light and the coincidence circuit was turned on to minimize
interferences from outside.

mum was shifted towards a shorter time. However, it
has to be emphasized that the overall characteristics
of the time dependent scintillation is virtually the
same, except that the yield of the light emission is
markedly reduced.

4. Discussion

Omission of catalase did not affect the mode of the
time dependent light emission except the maximum
appeared at a later time [9]. The question arises after
the origin of this maximum. It could be possible that
substrate inhibition of the xanthine oxidase by O3 or
0% or a delay in the luminol reaction is responsible
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for this phenomenon. Furthermore this mode of light References

emission is substantially different from similar studies

where the coincidence circuit was turned off [5, 6].
In these investigations a plateau appeared after some
10 min which was followed by a gradual decay. It
should be emphasized that under the present assay
conditions where unspecified interferences were
minimized the light emission is much more expressed
at elevated pH values. This is in contrast to the
finding of Agrd et al. [5] who used the experimental
setting reported in [6, 10] with the consequence of
a marked reduction of the chemiluminescence at pH
9.0.
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