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1. Introduociion

The superoxide dismulase activity of bovine ery-
throvuprein has usually been determined by a rela-
ively complex procedure in which the proein com
peies with cytozhrome ¢ or nitroblue tetrazolinm for
the superoxide anion {03 ) produced zither enzymat-
ically 1—9{ or photochemically [10] iu low concen-
trztions. Recently, however, the technique of pulse
radiolysis has been nsed for the assay [11,12] asitis
a convenient method of producing, virtually insianta-
neously, large concentrations of D7 [13—15]. The
temover of the substrate can then be followed direci-
iy using the absorption band of O3, which has an ex-
tinction coefficient of 2000 M~ em™! at 245 nm. n
this paper we wish to describe soms of the physical
and chemical characteristics of the superoxide dismu-
tase activity of hnman exythrocuprein as studied by
puise radiolysis,

2. Materials and merhods

Human eryihrocuprein was prepared from ont-
siated human blood as described previcusly [18]. The
pulse radiolysis squipment [27] =md the determina-
tion of superoxide dismutase activity by polse radio-
lysis [11] have been detailed elsewhare. Assays were
performed in 2 mM pyrophosphate buffer, pH 9.1,
saturated with oxygen prior to irradiation, Helf of the
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superoxide anion is formed by the reaction of hy-
drated electrons, produced by the frradiation, with
orygen [18]:

e, T 0, > 07 .

The presence of 0.08 M **Analar™ ethanol in the assay
mixire served to remove H and OH radiczls, which
were ultimately conmveried to the extra visld of O3
113).

By thoronghly rem-viag all traces of oxygen be
fore irradistion the hydrated electrons are available
for reaction with the engyme. The absorption at 690
nm was ussd to follow valency changes in the enzyme-
bound copper a oms induced by reaction with 05,
31505 or hydsated electrons. After such 1. actions, the
aciivity of the ¢ otemn was measured withi.. 2 min.
During this time intsrval negligibis reoxidation from
the atmospliare neenrred. EPIL spectra wers recorded
On a Variar 45{12-14 speemromeicr cquipped with 100
Ktz field modu ation with & Varian muliipurpose rav-
ity, and variable temperature accessory.

3. Results and ¢ isenssion

Human 21y:l roenprein was shown 1o catalyse the
distutation of :operoxide anjon, as does the come-
sponding bovint protein.
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Table 3 shows tiiat the disrmatase activity is essentizl-
1y independent ot pH over a wide range and that ac- -
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Table 1 - 280
Enzyme k% 1072 24GF
pH conceéntration 13
(LMD M see™) |
N 2001
— i
5.9 2.0 1.5 o k
160~
7.5 2.0 1.3 =
8.2 2.0 1.3 —
10.5 2.0 1.2 i 120
3.1 0.4 1.6 = sor
5.1 2.0 1.4
o1 25 1.4 4D
The &ffest of pH and enzyme epneentration on superoxide 0 L 1 L 1 2 2 3

amion turnover, as measured by the bimolernlar reaction rate
constani, X.

tivity is directly proportional to the proiein concen-
tration over the twenty-fold range tested. The activity
was also found to be unaffecied by buffering the pro-
tein overnight within the range pH 4.8—10.0, At pH
3.0, however, this treatment reduged the activity by
40%. Incubating the protein {pH %.1) for 2 min ai
temperatures up to 307 produced no loss of activity
but a 36% lozs was found following a 2 min treatment
at 62°.

The hirnover velogity for 0.4 uM protein increased
Ineady with sapercxide conwealration up 1o the max-
fmum atiainable concentraricn of 200 zAl. In com-
mon with the bovine enzyme [11] the resction shows
1o gvidencs of 2 Michaelis cornplex, since a Line-
weaver—Burke plot (fig. 1) produces a siraight lins
passing fhrough the origin. The second order raie con-
stant for the reaction of O, with the enzyme (X), as
dAetermined under temover conditions, is calowiated
from this data to be 1.5 X 109 M1 sec~? ar about
257, which is very similar to the valne reported for
the boving protsin [11]. Enzyme actlvity was sup-
pressed in the presence of poiassium cyanide {fig. 2),
16 uM and 1000 pM CN™ producing 309 and 100%
inhibiticn, respectively, of 2 M enzyme.

Exposore to z ten-fold excess ofhydrated electrons
or lydrogen peroxide resulieil in reduction of the di-
valent enzyme copper. The rednetion was followed at
650 nm and it was found that, within 1 min, the ab-
sorbance was reduced by 32% with hydrogen peroxide

and by 85% with hydrated electrons at this wavelength.

The superoxide anion, however, produced only a 15%
decrease in absorbance when reaching equilibrium

304

L 20 40 B0 BOD 100 120 140

1/7[05] {mm2)

Fig. 1. Lineweaver—Burke plot of ihe emzyme catalysed reac-
tiom. Enzyme 0.4 M.
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Fig. 2. Inhibition of enzyme aciivity by CN™ at pH 9.1. En-
zyme was 2 uM and 7 30 uM.

conditions during turnover. When protein which had
been reduced by a brief pre-treatment with hydrogen
peroxide or hydrated electrons was expossd to D5,
the superoxide was rernoved catalytically, but in this
case the absorbance at €90 nm Increased during turm-
over by an amount equivalent to 265 of the absorb-
ance of the oxidised snzyme. The overall bimolecular
Tate gonstant for wmmmover of O by chemically 1e-
duced enzyme was 1.5 X 10° M~ zep—". This value
is exaetly that found for tumover by untreated en-
zyme and indicates that the oxidation of the copper
has ne effect on the activity of the enzyme.

T this study, the enzymic properiies of human
erythrocuprein were found to be essentially identical
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to those seported for the corresponding bovine pro-
tein [11,19]. A wide renge of pH or temperature doses
nnt alter the aclivity of sither enzyme significantly,
whilst eyanide inhibics both proteins equaily. The en-
zymes possess similar tumover velocities and lack a
detectable Michaelis complex. In addition, the valen-
¢y changes brought about it the enzyme copper by
hydrogen peroxide [19—-22] hydrated glectrons and
05 119,22] in the bovine enzyme are paralleled in
the human snzyme. Dither evidence that the differ-
£nces belween the human & -3 Dovine ERZY e WeIe
minimal is that the EPR spectrsm of the human pro-
tein used in this work {fig. 3) has shape and param-
eters very close both o those of the bovine protein
4] and those obiained for the human enzyme by
Beinert {private comrounication; the value of all
quoted in [23] and obtained in Beinert’s laboratory is
Incorrect owing to a typographical exror). Isoiation of
the human protein used in this work and the bovine
enzyme [4] invelves chlorofonm—ethanol treatment,
whereas the preparation of the human enzyme used
in [23] does noi. The great simianity of the EPR and
kinztic parameters for the human bovine enzymes angd
the near diffusion-conirolied rates observed indicate,
however, that the isolation procedures used for the en-
zymes 4o not affect significantly the catalyiic proper-
ties. This is Iimportant in view of the possibility that
the chlorofomm—ethanol treatment conld modify soms
vital properties of the enzyme (241

The results indicate that the dismutation of super-
oxide radicals Is catalysed by virmually identical sites
in the bovine and human enzymss. The chemical com-
position of the two proteins is atready known to be
very similar [16]. Thues the zesilis of any mechanistic
studies obizined with the bovine enzyme [19,22]
should be anpiicable to the human enzyme. Farther
stndies are in progress on the enzyme, including the
effect of divaleni meial ion substitution on the dismu-
tase activity.
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Fig 3. The electron puiamagnetic resenance speci~um of hn-
man erythrocuprem; 1.5% solvtion in water. Flicrc wave fre-
guency: 5.15 GHz, microwave power: 6 miY: mooulsticn
amnplitpde 10 ganss, temperatore: —1887.
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