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1. Introduction

D and L-Penicillamine have been reported to
inhibit the color development during the oxidation
of p-phenylendiamine (PPD) by ceruloplasmin [1]
When studying this inhibition, we-have observed
that the substance is itself oxidized by ceruloplasmin.
This prompted us to investigate the activity of the
protein on the oxidation of sulphydryl compounds
and the action upon it of ferric ions eventually present
in the system. In this communication the results
obtained on D- and L-cysteine are reported. They
show that cysteine is rapidly oxidized by ceruloplas-
min at physiological pH values and that the reaction
is iron independent.

2. Materials and methods

Bovine ceruloplasmin was prepared according to
Stokes {2] . The final preparation was chromatographed
on Chelex-100 {Bio-Rad) to eliminate contaminating
metal ions. The protein had an absorbance ratio
Agro/A2s0 of 0.042 which corresponds to a purity
grade near to 100 per cent.

Oxygen uptake was measured in Warburg vessels
with a Gilson respirometer. Spectrophotometric
measurements were taken with a Zeiss PMQII spectro-
photometer. Free SH groups were determined
according to Ellman [3]. In all the experiments the
molecular activity is defined as the number of mole-
cules of the substrate transformed per minute by one
molecule of ceruplasmin (mol. wt 160 000).

PPD - 2HC1 (Merck) was washed with acetone;
Desferal (Desferrioxamine mesylate) was purchased
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from Ciba Pharm. Co. All other reagents were of the
highest analytical grade available. Water was twice
deionized with a Millipore Milli-Q system.

3. Results

The oxidation of D- and L-cysteine by cerulo-
plasmin was studied at different pH values and in the
presence of EDTA and of Desferal. As shown in fig.1,
the optimum pH value is 7.3. Neither 0.24 mM EDTA
nor 1.2 mM Desferal have any inhibitory effect on
the oxidation rate.

The oxygen consumption has been correlated to
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Fig.1. Oxidation of L-cysteine by ceruloplasmin at different
pH values. The following buffers were used: 0.2 M acetate
(pH 5.2); 0.1 M phosphate (pH 6.0-8.0); 0.1 M Tris—HCl
(pH 9.0). The reaction vessels contained 6 mM L-cysteine,
and 0.1 uM cernloplasnun, t=37°C. The experiment was
carried out also in the presence of EDTA (0.24 mM) and

of Desferal {1.2 mM). See text.
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Fig.2. Relationship between oxygen consumption and
sulphydryl groups oxidized. The reaction mixture contained:
8 mM L-cysteine, 0.15 uM ceruloplasmin, 0.1 M phosphate
buffer pH 8.0. t=37°C. (#) Sulphydryl groups oxidized

(o) Oxygen consumption.
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the disappearance of free SH groups during the
oxidation of cysteine. At intervals, samples of the
fraction mixture were taken from the vessels and the
amount of cysteine was determined colorimetricaily.
Tiie results are graphed in fig.2. As it can be seen, the
ratio between the sulphydryl groups oxidized and the
oxygen consumed ranges from 3.89 to 4.06, in good
agreement with the theoretical value of 4 SH/Q,.

The same correlation is observed during the
oxidation of different amounts of substrate (fig.3):
the ratio cysteine oxidized-oxygen consumed is always
equal to 4. At optimum pH value, Ky is equal 1o 3.1
mM ([ig.4) and the Q,, value, as determined between
27% and 37°C, is 3.6.

The molecular activity of ceruloplasmin towards
cysteine is much larger than towards other substrates
as iron (1L, ascorbic acid or PPD (table 1). The
difference of the optimal pH values found for these
reactions {7.3 for cysteine and acidic for the others)
cannot be underestimated.

4, Discussion

Ceruloplasmin has been shown to possess oxidase
activity for a number of substrates in vitro as aromatic
polyamines and polyphenols, enediols and a mixed
group of reducing substances [4,5]. The molecular
activity is relatively high only for synthetic substrates
and on the acidic values of pH. The finding that the
enzymic activity of ceruloplasmin is stimulated by
iron [6,7], suggested that any substance which is
oxidizable by Fe (II1) is potentially oxidizable by a
coupled iron—ceruloplasmin oxidation system [8-—10].
It has also been found that the ascorbate oxidizing
activity of ceruloplasmin is strongly inhibited by apo-
transferrin and by citrate which binds iron whereas
it is enormously increased by Fe (II) [11,12]. In
view of these facts, McDermott et al., [13] have re-
examined the oxidase activity of ceruloplasmin and
pointed out the central role of iron in the oxidation

Fig.3. Oxygen consumption at different concentrations of L-
cysteine. The reaction system contained 0.1 M phosphate
buffer pH 7.3 and 0.1 uM ceruloplasmin. Finel vol 2.5 ml.
t=37°C. The amount of L-cysteine used is indicated in
brackets.
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Fig.4. Ceruloplasmin activity at various Lcysteine concentrations. The results are plotted as a Lineweaver—Burk graph. Generat
conditions were: 0.1 uM ceruioplasmin, 0.1 M phosphate buffer pH 7.3. t=37°C.

Table 1
Molecular activity of ceruloplasmin for L-cysteine and other substrates

pH values and other conditions

Substrates -
592 55t 53¢ g3d soe sof s gsh s 5.2 7.3M
Fe (II) 555
PPD 74 21 12 25 395
DPD 67 246
Ascorbic acid 12 267 15 18
L-cysteine 1.5 26 6.8 1704
D-cysteine 1114
2 Human ceruloplasmin, t* 5°C, 0.03 M acetate {12]
Y Human ceruloplasmin, 17°C, 0.1 M acetate [12]
€ Human ceruloplasmin, 30°C, 0.2 M acetate [12]
d Human ceruloplasmin, 30°C, 0.2 M acetate plus 0.2 mM Fe(II) [12]
€ Human ceruloplasmin, 30°C, 0.2 M acetate [13]
£ Human ceruloplasmin, 30°C, 0.2 M acetate plus 30 uM EDTA {13]
£ Human ceruloplasmin, 30°C, 0.2 Macetate plus 30 uM EDTA and 34.6 uM Fe (II1) [13]
!‘ Human ceruloplasmin, 30°C, 0.1 M acetate plus apotransferrin 55 uM [12)
! Porcine ceruloplasmin, 37°C, 0.1 M acetate {12]
1 Bovine ceruloplasmin, 37°C, 0.2 M acetate [this study]
m

Bovine ceruloplasmin, 37°C, 0.1 M phosphate [this study]
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of numerous substrates. According to these Authors,
those substrates which reduce Fe (III) are not directly
oxidized by the enzyme but function in an iron—
ceruloplasmin coupled reaction and their oxidation is
completely inhibited by iron chelators. Cysteine is
considered among these substrates.

The results reported in this communication show
that the oxidation of cysteine by ceruloplasmin is
not affected at all by Desferal which is a specific
chelator for Fe (ILI) and which has a high stability
constant (1og X = 31). In our experimental conditions,
the suggested coupled reaction therefore. seems to be
unlike. We want also to emphasize that the optimum

pH value of the oxidation reaction occurs in the physio-

logical range. All previous studies have been carried
out at low pH values which were optimal for the
oxidation of PPD. Cysteine is not affected by
ceruloplasmin at pH 5.2; in these conditions, however,
its oxidation occurs if Fe (III) is added to the reaction
system [13].
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