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1. Introduction

In Down’s syndrome, resulting from an abnormality
of chromosome number, trisomy 21 [1], it is assumed
that the extra-chromosome is the direct cause of the
described morphological and biochemical changes.
Numerous reports have appeared describing various
enzymatic changes in such patients, but the mechanism
by which they are produced as well as the localisation
of the structural gene on chromosome 21 are unknown.
However a direct relationship between chromosome 21
number and the amount of enzyme is the simplest
hypothesis.

Since the gene for cytosol superoxide dismutase
(SOD,) has been assigned to chromosome 21 using
mouse—human somatic cell hybrids [2], it was interest-
ing to study this enzyme in Down’s syndrome. The use
of indirect assay systems [3,4] as well as immunological
estimations [5], strongly suggested a proportional
increase in the amount of synthesized enzyme. So we
proposed to develop a direct assay method of erythro-
cyte superoxide dismutase using pulse radiolysis.

Cytosol superoxide dismutase has been isolated
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from a wide range of cells including human erythrocytes
and has been finally identified as erythrocuprein, the
erythrocyte copper-containing protein [6,7]. This
enzyme catalyses the reaction:

2 H,0
0;+0; —> H,0,+0,+20OH",

and it has been assumed to be an essential defence
against the potential toxicity of oxygen [8].

In our method, high initial concentrations of
03 (~ 10™* M) may be generated by irradiating oxy-
genated aqueous formate solutions at pH 9. It is known
[9—-11] that, under these conditions, all primary radio-
lytic species are transformed, within less than 1 us,
into O3 according to the following reactions:

(1) €q t 0; —> 03

(2) H+ HCOO~ ——> COO™ +H,
(3) OH + HCOO™ ——> €00~ +H,0
(4) COO™ + 0, —— 03 +CO,
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The yield of O3 for 100 absorbed eV is G(03) = 5.8.
At pH 9, O3 disappears slowly by the reaction:

2 H,0
(5)0; +0; —>H,0,+0,+20H"
(k<10*M1s™h),

The addition of SOD catalyses this reaction and the
disappearance of O; becomes faster [12—14]. O3
presents a characteristic band in the ultraviolet region
with A, =245 nm (€245 = 2000 M~*-cm™); its decay
can be measured at this wavelength.

2. Experimental

Blood from 9 normal and 8 trisomic 21 children
was collected in heparin. Plasma and white cells were
removed by centrifugation. The red cells were washed
three times with 0.9% NaCl and hemolyzed by adding
one volume of bidistilled water. The hemoglobin
concentration was measured by the method of Drabkin
and adjusted to 10 g per 100 ml with bidistilled water.
Hemoglobin was then removed by chloroform—
ethanol [15] as follows: 0.5 ml of cold ethanol and
0.3 ml of cold chloroform were added to 2 ml of
hemolysate. The mixture was shaken for 30 min and
then diluted with 0.3 ml of cold water. The precipitate
was removed by centrifugation. 1 ml of the clear
supernatant was freeze-dried and then diluted with
20 ml of 1073 M sodium borate buffer (pH 9) con-
taining 10~ M sodium formate.

The source of pulsed electrons was a modified
Febetron 707 used at CEN Saclay (DRA-SRIRMa).

In this apparatus the discharge from a series of
capacitor-inductance modules is applied to the field
emission cathode of a vacuum tube. A magnetic selec-
tion of 1.8 MeV electrons is then used to reduce the
total pulse length to about 20 ns [16]. The solutions
contained in a spectrosil cell (2.5 X 2.5 X 0.25 ¢m) were
irradiated uniformly. At each pulse, the energy absorb-
ed by the solution was about 10® eV/ml, so that the
initial concentration of O3 produced was about 107 M.

The spectrophotometric analysis was carried out
with a standard device including a xenon lamp, a
monochromator and a photomultiplier. The analysing
light-path in the solution 1 was 2.5 cm. The changes of
the absorption of O7 (A = 245 nm, e 1 = 5000 M)

56

FEBS LETTERS

October 1976

with time were recorded photographically using an
oscilloscope (Tektronix 454), the start of the pulse
being taken as the origin of the time scale. All meas-
urements were made at room temperature (~ 23°C).

3. Results

Figure 1 shows typical oscilloscope traces for a
solution with SOD (curve A), for a sample of a normal
control (curve B) and a trisomic 21 child (curve C).

In the absence of SOD,, the variation in O; concen-
tration is very small and can be neglected, thus
avoiding the need for a correction. For all measure-
ments, log (0.D) is a linear function of time (fig.2).
Thus the O3 decay, in the presence of enzyme,
corresponds to a first order disappearance kinetics,
log (0.D) = —k [SOD,] ¢ + C*.

The slopes k [SOD,;] obtained from the various
experiments are given in table 1. The Henry’s diagrams
(fig.3) indicate that the distributions of k [SOD, ] in
these two populations are gaussian and distinguishable.
In this set of experiments the k [SOD, ] mean values
for normal and trisomic 21 subjects are 58.6 and 82.8
respectively. The values of standard deviations o, 4.6
and 7.8, lead to 95% confidence intervals (tvo-) of
3.5 and 6.5. The results are: "
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Fig.1. Oscilloscope traces for: (A) a solution without SOD;
(B) sample from a normal child, and (C) sample from a
trisomic 21 child.
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Fig.2. Semi logarithmic plot of decay of O.D. at 245 nm in
the presence of red cell extract from a normal subject (B)
and from a trisomic 21 subject (C).

(k [SOD; )y, = 586 3.557

(k [SOD;])giso, = 82.8 £ 6.5 57"

Table 1
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SOD activities of red cells in normal and trisomic 21 subjects.
The values shown represent k [SOD, ]. (See text.)

Normal Trisomic 21
™) ™)
57.8 72.9
57.7 83.4
56.0 90.9
63.4 90.0
60.0 85.3
545 74.6
50.7 74.5
65.7 91.0
61.8 -

giving the ratio:

(k [SOD4 1) riso /(k [SOD1])porm, = 1.41 £ 0.14

where 0.14, calculated for the same confidence, was

obtained from Fieller’s theorem.

4. Discussion

Numerous reports have recently demonstrated the
biological role and importance of superoxide dis-
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Fig.3. Henry’s diagram: (I) normal subjects. (II) Trisomic 21 subjects.
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mutases. An accurate method of estimation of these
enzymes might be of particular interest in some patho-
logical conditions. Contrary to the other human cells,
red cells which contain only one kind of SOD, cytosol
superoxide dismutase, are thus a particularly suitable
tissue for the estimation of this enzyme activity. A
simple and rapid assay for SOD; in erythrocyte lysates
without any purification would have been useful.
Unfortunately the reaction of superoxide ions with
the oxyhemoglobin-methemoglobin system [17]
seems to interfere with the assay and our preliminary
results have shown that removal of hemoglobin is
necessary to obtain reproducible results.

Under these conditions, the reproducibility of the
pulse radiolysis method was tested in determining
k {SOD,] twice for each sample no significant
difference was observed. On the other hand, we
observed no inactivation of the enzyme by H,0,,
product of the catalysed reaction, by measuring
k [SOD, ] after a second pulse on the same solution
(H,0, ~ 2.107* M).

The value of this ratio 1.41 is quite comparable to
values obtained by other assay systems [3—5]. Other-
wise, if we assume that there is no appreciable loss
of SOD, in the preliminary treatment, we can cal-
culate, using k ~ 1.5 X 10° M~'s™* [18], average
concentrations of SOD; contained in human erythro-
cytes as about 9 and 12.5 X 107 mol/g of hemoglobin
for normal and trisomic 21 subjects respectively. The
accuracy of these determinations and their significant
difference, show that cytosol SOD, seems to be a
constitutive enzyme whose rate of synthesis is not
compensated in human red cells.

These observations seem to provide a better
knowledge of enzyime synthesis mechanisms in mamma-
lian cells and open a new field for research. They may
also provide leads to therapy of chromosome abnor-
malities.
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