SCIENTIFIC CORRESPONDENCE

Catalytic activity of superoxide dismutase: A method based on its
concentration-dependent constant decrease in rate of autoxidation
of pyrogallol

A blue copper protein was isolated intein to HepG2 cells decreases cholesteralata for the amount of protein required
1938 by Mann and KEn® from erythro- synthesis and activity of the regulatoryfor 50% inhibition at a fixed substrate
cytes and liver and later from many animalenzyme, HMG-CoA reducta&e concentration formed the basis of quanti-
tissues, prompting the names hemocu- A clue for an alternative function comestation of SOB°. Increased catechol (pyro-
prein, erythrocuprein, cerebrocuprein androm the assay procedure of SOD basedjallol) concentrations increased rates of
cytocuprein. Discovery of its catalytic on its inhibition of autoxidation of catechol autoxidation and also concentrations of
activity of dismutating two molecules of compounds such as adrenaliréehydroxy- SOD required for 50% inhibition. In
superoxide (&) to HO, + O, in 1969 by dopaminé or pyrogallof. Their pheno- other words, higher amount of SOD pro-
McCord and Fridovich led to the re- late anions in alkaline medium are tein is required to obtain 50% inhibition
christening this protein as superoxideoxidized to quinone products accompaniedf higher rate of autoxidation.
dismutase (SOD). Since then it becaméyy consumption of oxygen. The autoxi- Data in Figure 1 show the expected
iconic in studies on oxygen radicals anddation reaction can be represented as knear increase in the rate of autoxidation
their toxicity. Inhibition by SOD protein, transfer of two electrons from oxy-anionswith increased concentration of pyrogal-
of the reduction of cytochromeby super- to molecular oxygen in two steps lol, used as the substrate (left panel). In
oxide generated by xanthine oxidase re{Scheme 1). the presence of increasing concentrations
action, remains the best method of its Attempts made to explain inhibition of of SOD the rates of autoxidation de-
assad. Indeed inhibition by this protein this alkali-promoted chemical reaction creased, but these values showed initial
of a reaction is equated to the presenceéy SOD protein relied on its well-known curvilinear lines that became linear and
and participation of superoxide, some-dismutation function. We can see fromparallel to the control line at higher pyro-
times resorting to chain amplificatibaf ~ Scheme 1 that removal ofOby dismu- gallol concentrations. Autoxidation of
presumed traces. tation to (1/2)HO.+ (1/2)Q by SOD dopamine, noradrenaline and tea extract
Is the function of this protein, origi- should always produce 50% decrease ifmixture of polyphenols), and also with
nally Keilin’s erythropoetin, only dismu- the rate of oxygen consumption. How-the assay of the corresponding quinone pro-
tation of superoxide to #D,? Over three ever, inhibition obtained experimentally ducts, also gave the same curvilinear re-
decades the concept did not permit thinkincreased with increase in concentrationationship between the SOD-inhibited
ing of alternatives. A plea made 25 yearsof SOD, nearly abolishing oxygen con-rates and pyrogallol concentrations (unpub-
ago by Fetthat ‘alternative biological sumption at high concentrations. To fit lished data). This surprising kinetic beha-
functions for these proteins should seri-with the theory, superoxide from anotherviour of the nonlinear response of the
ously be considered’ for SOD, sadly re-source (e.g. xanthine oxidase) was assuate of autoxidation in the presence of SOD
ceived little attention. SOD is proposed tomed to be the primary oxidant in a pur-revealed an important facet of SOD ac-
protect cells from oxidative stress by re-ported chain reactidnbroken instantly tion. The extent of inhibition, denoted by
moving superoxide, despite the fact thatby SOD. Then the concentration of SODa decrease in the rate of oxygen con-
the product of its reaction, ;B,, is a required for termination of autoxidation sumption AO,, uM/min), remained the
stronger oxidant. By reducing boundwill depend on the initiating source, but same for each concentration of SOD.
iron, superoxide releases free’Fand experimentally no relationship was However, the percentage inhibition val-
can purportedly lead to cellular damagefound. And it is well known that autoxida- ues decreased as the rates increased at
through hydroxyl radicals formed in the tion of pyrogallol in alkaline medium re- high concentrations of pyrogallol (Figure
presence of kD,, but the same reduction quires no external superoxide source. 1, right panel). This is consistent with the
can be done more effectively by other Using a catechol substrate, this chemireport of requirement of higher concen-
abundant cellular reductants. Metal com-cal reaction can be followed by measur-trations of SOD protein for 50% inhibition
plexes can dismutate the tiny amounts ofng oxygen consumed or the quinoneat higher concentrations of pyrogallol,
superoxide produced, obviating the needoroduct by specific absorbance. Additionalso in a curvilinear fashion (see figure 2
for an enzyme. Occurrence of SOD pro-of excess catalase released back into thef Marklund and Marklung. Decrease
tein in unusually large quéities in some medium up to 50% of consumed oxygenin the rate of autoxidation that remained
plant seeds (1-2% of protein) andMy-  indicating its conversion to #,. The constant at high concentrations of pyro-
cobacterium lepremuriunfl0% of pro- reaction continued at a decreased rate igallol represents the ‘inhibitory’ catalytic
tein), and in some anaerobic cells withthe presence of SOD. Extrapolating suchactivity of SOD, given as units of
no obvious relationship to oxidative me-
tabolism, remains an enigma. Two recent
findings compel rethinking on other O_R_WO_R_O. O=R=0 — products
functions of SOD: (i) Action of SOD in ; :.
the repllcat|ye lifespan of yeast cells ‘in- 0, 05" H,0,
volves function(s) other than superoxide
scavenging’; (ii) Addition of SOD pro- Scheme 1.
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AO, (UM/min) perpug SOD protein, cal- radicals, SOD protein can nullify autoxi-
cu_Iated for 0.4ug/_m| of SOD added dation. Some ew_dence already (_exwts thaﬁeceived 7 Jun@006:
(Figure 1, broken line). phenolate-O radical can react with SOD-January 2007
Crucial to the understanding of this Cu?* in a dismutation reactidh In the
phenomenon is our present finding thatabsence of normally active SOD, de-
the action of added SOD is limited to creased lifetime of some easily autoxidi- T. RAMASARMA 12*
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