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CHARACTERIZATION OF HUMAN PLACENTAL SUPEROXIDE DISMUTASE (SOD-1)
. ACTIVITY AS MEASURED BY THE POLAROGRAPHIC METHOD™

Human placental superoxide dismutase (SOD-1) isolation procedure
and properties are reported. The influence upon the “SOD-1 enzymatic -
activity of the denaturating agents (urea, SDS, increased temperatu-
re, different pH values) and inhibitors (azide-N;, diethyldithiocar-
bamate-DDC) was determined by means of the pol_nrogriphic method which
'ﬁtov«l to be the most suitable for this kind of investigations.

INTRODUCTION

. Superoxide dismutases have been isolated fromlnume:ous man-
malian 'tio}suas. Human superoxide dismutase (E.C.1.15.1,1)(SoD-1)
‘was isolated and studied ah a copper protein from erythrocytes,
brain and liver 22, 26, 27. Bovine Cu-Zn SOD-1 is the most stu-
died protein among this large class of enzymes which have simi~
lar properties with respect to each other. SOD-1 fror cytosol
of eucaryotic organisms contains 2 atoms of copper per molecule
of molecular weight 32 000 daltons [12]. copper is essential for
the activity of the enzyme, which can be summarised by the equa-
‘tions [5]: ;

e sk i L R
cu?t s 03 ~ 0, + Cu 4 Cu’ + 0, = Cu”" + H,0,

B .
*This work was partly teported‘- at the III,:& Brno Symposium on Molecular

Biophysics: Electroanalysis of Biopolymers, Brno 1980,
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Zinc seems to have rather a structural role [5, 7, 8, 10,
14]. The primary structure of the human erythrocftel S0D~1 has
been recently reported by Barra etal.,, [2], Brigga,
Fee [6] and Hi 11 et al.[20]. The human placental SOD-1
has been isolated and roughly characterised for the first  time
by Phan van H4ien etal.[41]. The properties of the
human enzyme are obviously interelting in view of potential ap-~
plications to medical problems. This paper describes some of the -
properties of the human placental SOD-1 as uqll‘as the effect of
some denaturating agents and inhibitors upon its activity measu-
red by the polarographic method.

MATERIAL AND METHODS

Fresh placentae were purified from the connoctivt and ‘other
accessory tissues and the blood was throughly washed out first
with tap and then with distilled water. SOD-1 was prqpatod ac-
cording to the method of Fr ied et al. [13]. The sample
of human SOD-1 was subsequently - chromatographed on  Cellulose
DE-32. Further purificaﬁibn was performed by gel filtration on
Bio-gel P-60 (Polish patent P-200257). The purity of the 'enzyme
was .tested by means of analytical 7.5% polyacrylamidé gel  elec~
trophoresis (PAGE) in veronal buffer pH 8.6 and 3.5 mA per gel.
The SOD-1 activity on the gels was localised by the photochemi-
cal method (Besuchamp and Fridovich [5)
Protein bands were stained with Coomassie Blue. SuBunit molecu~
lar weight was determined by the method of We b e r and 08~
born [36]. Isoelectric focusing was performed according to
Svensson [31]. Absorption spectra were recorded on a
Beckman Spectrophotometer. The SOD—I‘activity was assayed by the
polarographic 'method of catalytic currents applied to a wave
of oxygen by R1 go et al., [28] on a Radelkia Oﬂ-102 polaro-
graph. \
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- RESULTS AND DISCUSSION

Purlfication‘and properties of the human SOD-1

The examination of the purity of the enzyme preparations by
‘means of PAGE revealed that the final preparations obtained from
human placenta were homogenous electrophoretically. The homoge-
‘neity of the preparations was also confirmed by the method of
isoelectric focusing. The value of the isoelectric point of SOD-1
isolated from human placenta is 4.7 and it is similar to the
values reported elsewhere for the human enzyme [7, 16]. The me~
thod of Fr ied et al. [13) applied for the isolation  of
'80D~1 from human placenta with subsequent chromatography and gel
filtration proved to be the proper method of obtaining a pure
and homogenous preparation of SOD-1. 1In all cases of electro-
Phoretic procedures a single protein band was seen which exhi~-
bited specific enzymatic activity of 3.7%0.11 « 1,0-5 M (n=6).
Subunit molecular weight of SOD-1 from human placenta was {ie,teA:-‘
‘mined by SDS-PAGE. The samples of SOD-1 were submitted to elec-
tmphorenli after incubation with dif:erent reagents in order to
@stablish the dissociation conditions o:,the protein = molecule
into subunits. ' ot

'l;nblcv 1

The human placental SOD-1 subunit molecular weight qleu_r»mintion'by means
‘ of the SDS PACGE T

Oznaczenie masy czgsteczkowej podjednostek SOD-1 z loiyska ludzkiego
metodg elektroforezy w Zelu poliakryloamidowym z SDS

‘ ) 51, 37%
. 100°C. . : 1Z
Incubation 1n, 45% - ' 2.3!1“' 98 e ' e
‘ ‘ 1Z 5DS 6 M urea
conditions 1Z SDS 3 4 M urea 12 (22) 2-mer-
o : ‘ bR ~captoethanol
Molecular e - : ' : :
veight (daltons) 64 000 +1 900 16 000 +1 800 16.000 21990
MW +S.D.. 3 ] : '
(n=6)
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: Tablo 1 -unnarilel the results of tho subunit welght eatima~
tion -~ for dlfterant 800-1 samplcs. According to the = literature
data the mannalian cytosolic dismutases are composed of two iden-
tical ;ubunits, each of the molecular waight 16 000 [3, 9, 17},
‘The protein banda of about 16 000 ' daltons obtained after the si-
4mu1tanecu: action of §DS, urea, z-m‘rcaptoethanol and heat to the
enzyme are Ldnntified as subnnitl.' Similar results were reported
for the bovine . [1, '38] and hog enzyme [4], as well as for the
,‘placontal SOL-1 obtained and - puritied by " 8ugiura etal,
‘[30] 2-mercaptoethanol seems nocelniry for the compléte disso~
‘eiation of the SOD-1 molecule into subunita;  It acts probably on
disul fide bridgea localised within each subunit, resulting in con-
~ formational changes of the protein molecule ‘and a total = break-
-down into subunits, which are linked by lt:ohg non-covalent . in-
teractions. Higﬁ molecular fractibng'(m.w. about 64 000) obtain-
ed in the éxperimantl ‘are probably the result of the formation
of aggregated SOD-1 mblecules, due to interactions between whole
enzyme molecules in the presence of SDS. K This kind of agaregates
of the human enzyme molecules have been already reported [17].

0.0

.7

(. X}
240 =280 320 360 ,aooado-oo obo 700 (nm)
P:.g. 1 :
Ultraviolet and visible absorption spectra of SOD-1 from hunn placenta. 0.5

wg/ml SO0D~1 in 50 nM phosphate buffer (pH 7.4) was examined in 1 cm cell in
a Beckman lpectrophotometer :

Widmo SOD-1 z lozyska ludzkiego w zakresie ultrafioletu i widzillnyn dem u-
zyskano dla prébki 0,5 mg/ml SOD-1 w 50 mM buforze fosforanowym (pH 7,4) w
spektrofotometrze Beckman
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The ultraviolet and visible range absorption spectra of the
human placental SO0D-1 are shown in Fig. 1. The absorption pro-
. files are similar to those reported for. 80D- -from other  human
tissues [7 16, 30, 41].

Effect of denaturatinig@nu and inhibitors

The results of the 1n£1uanco of high ooncontrations of urea
(6 M and 10 M) and the action of 1% and 4% SDS upon the enzyma-
tic activity of SOD-1 are shown in Table 2.

‘rabx’e_z

The influence of 8 M and 10 M urea and 12 and 4% SDS upon
the human placental SOD-1 activity and dissociation
~of its molecule into subunits

Wptyw 8M i 10 M mocznika oraz 1% i 4% SDS na aktywnolé son-1
z tozyska ludzkiego i dysocjacje cautcczkl enzymu
©  na podjednoatkl ok

Native SOD-1 activity S0D-1 activity A!iog 1nm_tbnt16u ;i
‘with 8 M urea . with 10 M urea
1.06 108 0092 .10
: (752) - (esz)
1.4+ 1078 4 _ ‘ =
with 12 SDS with 4% SDS
14108y 0,84 1078y
L CI00RY - s T (60%).

' The ‘loss of activity after ‘the treatmnt with 8. M and 10 M.
urea, 25% and 35% respectively was mmdiately reversed  after
,diluting of the incubated sample with phosphate buffer pH 7.4..
The inactivation caused by t:he action of 4% SDS was also rever-
sible. After precipitatj.on with concentrated KCl and centrifuga-
tion aft.er ‘48 h in room. tenperature the -enzyme gained its 1()0&,
activity. In both caaes the SDS PAGE of the incubated = samples
revealed two protein bands of molecular weighlar wezghts 64 000
~and 16 000 with the proportion of 75% ‘and 258% rospectiwly. 28

' Tests of SOD-1 stability were carried out according to the
2 Procedure of T e ge 1's t rom [34] . The ;esults of' thg ‘1'1,'.',.
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fluence of the increased temperature and different pH values upon
human placéntal SOD~1 activity are given in Fig. 2.. The activi-~
ty of the enzyme after incubation was measured polarographically
and calculated as a percentage of the initial activity of the in-
tact enzyme. Superoxide dismutases are extremely stable enzymes

Fig. 2

Temperature stability of human placental SOD-1 at different pH values of the
incubation media. Aliquots were withdrawn at intervals and assayed for ~ the
remaining activity . ; ? s

Test stabilnodci temperaturowej SOD-1z tozyska ludzkiego w réznych wartoéciach
pH. Prébki pobierano w réznych przedziatach czasowych i oznaczano ~ pozostalg
aktywnodé enzymatyczng. . oL Ly

[34, 37]. At pH 7.4 SOD was most stable ~ 50% inactivation was
observed after 50 min incubation at 70°C. Total loss of activi-
ty was found at the same pH value after 30 min incubation at 90°C.
.However, at pH lo the enzyme retains 50% of the native activity.
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after 60 min incubation at 70°C, but at the low pH values it is
readily inactivated. The activity was found unaffected by buf-
. fering the protein for 12 h within the range of pH 4.8-10.. The
-, enzymatic activity decreases sionificantly with the increased
values of pH above 10. Also after incubation of the protein at pH
3 the activity was reduced by 40%.
The results above indicate that the human placeutal 800-1 is
‘essentially independent of pH over a wide range. This property
has been established before for the bovine [33], hog [4] and hum-
an placental SOD-1 [30]. The observations performed by Valen~
tine etal. [40] of the ph dependence of the visible spec-
_tra and EPR spectra indicated that the pH dependent changes bet-
‘ween 3 and 4.5 could be accounted for by conformational changes
at the copper binding site. It is clear from the results above -
and previous studies that the metal binding prOpertiea of copper-
Zinc SOD-1 are atrongly pH dependent.

'In the studies of the inhibitors action . upon the human pla-,
cental activity two different inhibitors were chosen in the pre-
sent work. These are: azide (N ) and diethyldithiocarbamatev
(bbC). The polarographic method of the SOD activity assay = ap-

_peared especially suitable in this kind of determinations, be-
cause it was not affected by N3 nor by DDC, in contrary to the
spectrophotometric assay systems [15, 35]. It has been recently
reported that azide [29] combines with the prosthetic metal of
the iron containing SOD of E. coli as well as with the Cu-Zn
SOD-1 and Mn-SOD from human liver.[23],f’The iron S0P is most
sensitive toward inhibition by azide. The Cu-2Zn SOD=1 is least

_ sensitive while the Mn-SOD exhibits moderate susceptibility. Thus
inhibition by azide, which is impaired and reversed rapidly, ap-
pears to provide the useful criterion for distinguishing among
Classes of these enzymes. v \ :

In this work 50% inhibition of the SOD-1 activity was ob-
tained at the 'concentration equal 30 mM of N3 The amount of 10
mM of azide inhibited the enzyme by 10% (Pig. 3). Reversibility

of the SOD~1 inhibition .was ‘gained by dialysis against phospha-~

te buffer pH 7.4. The copper chelating agent diethyldithiocarba—
mate (DDC) has been shown to cause marked inactivation of SOD-1
both in vitro and  in vivo [18, 19, 24]. In the present work to-
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Hamowanie aktyuno‘ci SOD—l z loiylka ludzkiego < przez azydck (“3) o oznaczo-
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Fig. 4

Inhibition of human placental SoD-1 nctxvity by dxethyldlthioccrbnmnte (DDC )¢
A -~ as a function of the DDC concentration; B - as a function of the incuba-,
tion time with 3 mM of DDC ‘ v

Hamowanie aktywno$ci SOD-1 2z loZyska ludzkiego przez duuztyloduutiokatbami-
nian (DDC): A - jako funkcja stezenia DDC; B - jako funkcja - czasu inkubacji
23 M.DD.C‘
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tal inhibition of the human placental superoxide dismutase was
Observed at the concentration of 3 mM of DDC and after 60 min of
incubation (ng.' 4). The loss of enzymatic activity was accompa-
nied by the appearance of a coloured (yellow to orange) enzyme-
~inhibitor complex. As it has been observed earlier [19] the loss
in enzymatic activity could not be reversed by dialyeis against
distilled water (500 vol) in 4°C for 24 h, but after dialysis,
the native activity was ‘restored hy incubation with 5 .. 103 M
Cuso; during 1 h at 37°C. b ;

DDC by inhibiting the Cu containing form o! SOD may be a use-~
ful pharmacological tool in establishing the vital protective role
of this eniyme. It may be used in order to evaluate the impor-
tance of sOD as a protective enzyme in eucaryotes during expo-
sure to high content of 0, [11]. DDC may also be a potentially
Powezful senutizing agent in tumor therapy, since thoro 15 in~
creasing evidence = that tumor cells have lower lavols of SOD [21,
25, 32, 39] ‘
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Anna Jeziorowska, Wanda Laykai
CHARAKTERYSTYKA AKTYWNOSCI DYSMUTAZY PONADTLENKOWEJ (SOD-1)
'Z LOZYSKA LUDZKIEGO METODS POLAROGRAFICZNA '

Przedstaw:.ono oposéb izolowania i oczyszczania dysmutazy . ponadi:lenkowej
EC 1.15.1,1 (sop~1) z toiyska ludzkiego. Badano wpiyw cZynnikéw' denaturujqf
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cych biatko (mocznika, SDS, podwyistzomej temperatury, zmian pH) oraz in-
hibitoréw (azydku, dwuetylodwutiokarbaminianu-DDC) -toiuj.c do oznaczania
zmian aktywnodci enzymu metodg polarograficzng, ktéra okazala sie¢ byé naj-
bardziej odpowiednig do tego typu badad. ' A



