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SUMMARY: The formation of the paramagnetic complex between
human cerulaplasmin and radiation produced superoxide radicals
was observed by the ESR method at low temperatures. The dis-~
appearance of the complex without changes in the oxidation
state of copper give the direct evidence that ceruloplasmin,
the major antioxidant in serum, is able to dismutate supero-
xide radicals.,

Ceruloplasmin, Cp, (EC 1.16.3.1) the multifunctional
blue copper containing enzyme, shows oxidase activity direc-
ted towards aromatic amines and ferrous ions (1-5).

Recent repart of Goldstein et al. (6) that the native
human Cp, the major antioxidant in serum (7), inhibits in
concentration-dependent fashion the O; mediated reactions
prompted us to show the ESR evidence of the formation of pa-
ramagnetic intermediate complex between Cp and HD2 radicals.
The (SR signal of this complex, recorded at 120 - 180 K for
the frozen agueous solutions of human Cp f-irradiated at
77 K, is very similar to that registered for superoxide dis-

mutase under identical experimental conditions (8). The dis-
appearance of this complex above 200 K does not affect quan-
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titatively the £SR signal of human Cp. ALl this indicates

that human Cp is able to dismutate HOZ/OE radicals,

MATERTIALS AND METHODS

Human Cp was obtained from Biomed Serum and Vaccine lfa-
nufactures, Jarsaw (Poland), and purified before use by pre-
parative polyacrylamide gel electrophoresis. The purity of
Cp was tested by disc electrophoresis in 77 polyacrylamide
gel at pH = 8.3, according to Marceau and Aspin (8), and at
pH = 10.2 according to Ryden (10). In both cases gels showed
electrophoretic homogenity of Cp preparation.

Chromophoric properties were determined by measuring the
absorbance at 610 and 280 nm and aonly the samples with the
absorbance ratio 0.044 (purity of about 37%) were used. Con-
centrations of Cp were calculated from tre absorbance coeffi~
cients at 280 and 610 nm (1t), and checked by the biuret
method, Layne {12}, with bovine serum albumin as a standard.
The copper content determined according to the method of Gu-
bler et al. (13) was equal to 2.68 Mg per mg of protein.

Ceruloplasmin oxidase activity before anc after irradia-
tion was determined by the method of Ravin (14) with p-phe-
nylenediamine dihydrochloride as a substrate, Mo marked chan-
ces were observed,

To prepare the samples for fg-irradiation thne solutions
of human Cp in 0.85%1 NaCl (pH = 6.8, protein content 53 mg/ml)
were dropped into the liguid nitrogen toc form solid spheres
of diameter equal to about 3 mm, The samples were irradiated
at 77 K in Co-B0 source to the dose of 10 kGy at the dose ra-
tz of 6 kGy/hr. Under tnese conditions (8) the concentration
of radiation produced HO, radicals was approximately equal to
enzyme concentration. Th& irradiated samples were transferred
into the liquid nitrogen E£SR dewar or into a cold nitraogen
gas flow system for thermal annecaling.

Before and after the irrediation, as well as each heat
treatiment, the LSRR spectra were recorded at 77 K with X-band
microwave spectrometer 5£-%/20 (Poland) provided with TE Y
cavity. DPPH was used as standard, 144

RESULTS

Fig. 1 proesents the E£ESR spectra recorded for the frozen
solution of human Cp before (A) and after f-irradiation at
77 K (8), and after subsequent thermal anmealing at 210 (C),
230 (D), 250 (£) and 270 K (F). The spectrum of rative human
Cpy, Fig. 1A, is veury similar to that reported previously

{(15,16). It conmsists of tuwo components: one with a three hy-

perfine peaks at about 2800 - 3010 Gs (type 1 Cu2+) and the
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Fige 1. ESR spectra recorded at 77 K (frequency 9.1 GHz, mi-
crowave power 3 mlW, modulation amplitude 10 Gs) for frozen
solution of human ceruloplasmin in 0.85% NaCl (pH = 6.8, pro-
tein comtent 55 mg/ml): unirradiated sample {A); sample
f{f-irradiated at 77 K (10 kGy, 6 kGy/hr) (B); f{-irradiated
sample annealed for 10 min. at 210 (C), 230 (D), 250 (E),

and 270 K (F).

Fig. 2, Radiation induced signals for frozen solution of hu-~
man ceruloplasmin in 0.85% NaCl (pH = 6.8, protein content
55 mg/ml): sample f{ -irradiated at 77 (10 kGy, 6 kGy/hr) (A);
spectrum obtained by subtraction of OH radical signal from A
(B); #~irradiated sample annealed for 10 mim. at 120 (C),
150 (D), 170 (E), 190 K (F); spectrum obtained by subtraction
of E from F (G).

second one with a broade-hyperfine splitting at about 2650 Gs

(type 2 Cu2+)

. The signal generated by {-irradiation, shown
in detail in Fig.2, is superimposed on the unchanged spec-
trum of Cp, ¢f. Fig. 1B. 1t disappears completely above 200 K,
cf. Fig. 1C and 10, Its decay is not accompanied by the chan=-
ge of signal integral intensity of copper ions, Fig, 10, E

and F. Also the hyperfine structure of the low-field part of

the spectrum is identicel for unirradiated, fFig., 1A, and

Y-irradiated Cp annealed to 270 K, Fig, 1F.
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The details of the signals generated by {-irradiation
are shown in Fig. 2. After f{-irradiation at 77 K, Fig. 24,
one sees mainly the OH radicals, asymmetric doublet at
g = 2,009 anc a broad hump at g = 2.048 (17)., Subtracting,
however, the spectrum of 0OH radicals recorded for polycrys-—
talline ice without Cp from that for the frozen solution of
Cp ane obtains the signal which is due to the presence of Cp,
~ig. 2B. It could be also seen upon the thesrmal annealing of
the samples above 120 K, Fig., 2C-F, after the decay of 0OH ra-
dicals. Subtracting e. g. spectrum depicted in Fig. 2F fraom
that in Fig. 2E one aobtains the asymmetric sinmglet, fFig. 206,
with g; = 2.01 and gy = 2.04. The features of this signal do
not resamable the sulfur racicals produced vy ff-irradiation
of pruteins containing disulphide bonds (18), they are very

2+

similar to the complex [ﬁ—ﬁu ...HDZJ observed for superoxide

dismutase under identical experimental conditions (8).

OISCUSSIUN

In polycrystalline ice #~irradiated at 77 K the OH and
HDz radicals are trapped. They do decay upon thermal anngaling
at about 120 and 160 K, resp. (8,13). In the presence of hu-
man Cp, at the concentration appraoximately cqual to tnat of
HO2 radicals, the asymmetric singlet, Fig. 206, with g, ~ 2.01
and gy~ 2.04, is observed up to about 200 K, It decays above
200 K without changes in the ESR spectrum of Cp.

The spectral parameters of the asymmetric singlet are
close to this far H02 radicals trapped in polycrystalline ice
(9; = 2.0044 and g, = 2.033) (20) and to that for the loose
complex [E-Cu2+...H02] (g, = 2.008 and g, = 2.039) observed

under similar experimental conditions for superoxide dismuta-
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se containing type 2 rult ions (8,25). Because of this we do
assume that the asymmetric simglst signal observed in the
presence of Cp is due to the similar complex furmed by trap-
ping H02 radicals. It involves the entrance of HO2 radicals
into the coordination sphere of copper ions, acting as the
trapping agent (21), and replacement aof water ligand (22)
without subsequent spin exchange (8).

In Cp only type 2 Cu2+ icns have the water ligands
(3,23). Regarding the structure and functiom of these copper
sites (24) one would expect the decay of the complex
[ﬁ—Cu2+...H021 by electron transfer onto Cu2+. It is not the
case as the decay of the complex atove 200 K proceeds with-
out changes in the ESR spectrum of Cp.

The obtained results, i. e. the formation of the complex
[E—Cu2+...HDé]and its decay without changes of copper oxida-
tion state, do imply strongly that reaction of human Cp with
H02 radicals proceeds according to the dismutation mechanism
developed recently for superoxide dismutase (25).

The essential fratures of this mechanism (25), written
€. Gg. for H02 radicals as:

0 o] ‘
E7 + 2 Hﬂ2 = E7 + 02 + h202 R

where E° denotes the native superoxide dismutase in which two
copper ions are oxidized, consists in electron transfer bet-
ween radicals proceeding without changes of the oxidation
state of copper ions. They are fully consistent with recent
findings (28B) for Eu(ClDa)2 solutions: the HDZ/D; radicals

first form coppesr complexes:

2+ - +
Cu + 02 —_— CuO2 ’
cult s HO, —— Cu(oon)2* .
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in which the Cu2+ cation plays the same role as the proton

in HO then dismutation without changes of copper oxidation

29

state oroceeds:

2+ - 2+ -
cu(0OH) + 07 + H0 —— Cu w0, 0, + OH ,

Cu0® + 07 + 2 HD —s Cu* & H.O, + 0, + 2 OH" .
2 2 z 272 2

Thus thc model proposed for superoxide dismutase (25)

may be also valid for blue oxidases cont2ining type 2 Cu2+

ions which share most of ligand properties with superoxide
dismutase (3,23,27). 4s far as Cp is concerned, ane of its
subunits (27), containing type 2 Cu2+ ions, is likely to play
the protective role for the mglecule by scavenging the super-—
oxide radicals which are formed in one-electron transfer re-

action under the physiological conditions.
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