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Catalase is an antioxidant enzyme that disproportionatestress that often leads to cell death. As a stroagceptor,
H,O, to water and oxygen: one molecule ol oxidizes  NO" binds to both ferric and ferrous states of various heme
the heme of catalase to the level of Compound |, a ferryl ox@nzymes such as peroxidasaad catalas&’ blocking the
species with a porphyrinecation radical, and a second active site to inhibit the enzymes. In a previous work, we
molecule reduces Compound | back to ferricatalase (seshowed that the BeNO" catalase was rapidly converted to
Scheme 1). As such catalase protects cellular componentise active ferricatalase by the reaction with superoxide anion
from oxidative damages caused byCH radical (Q)®. Brunelli et al® showed that bD, oxidized

Under certain conditions catalase forms off-pathway interthe bound NOto nirite regenerating ferricatalase.
mediates. Compound | can be reduced to Compound Il by anNO" interacts with hemes at other redox states as well.
appropriate one-electron donor such as ferrocyaradeé  Gloveret al” showed that NOacted on horseradish peroxid-
nitrite?. Compound Il is further converted to Compound Ill, ase Compounds | and Il as a one-electron reductant convert-
a Fé*-0, species, by excess,®,! or to ferricatalase by ing them to Compound Il and ferricatalase, respectively.
nitrite.2 Compounds |l and |l are presumed to be inactivelnterestingly the rate of reaction with Compound Il was
and sometimes lead to irreversible loss of the enzymenuch faster than that with Compound |. Abu-Soud and
activity. Hazed demonstrated that N@ccelerated the formation and

Cells produce nitric oxide (NQunder normal and patho- decay of Compound Il of myeloperoxidase. In this study we
logical conditions. Although NOis an important biological show that NOreduces both Compound Il and 11l of catalase
regulator, its overproduction is responsible for the nitrosativeo ferricatalase restroring the enzyme activity.

“ferricatalase” “Compd/” Results ad Discussion
2.
02 H:0 i The upper panel of Figure 1 shows the spectral changes
@ ;A’ @ accompanying the conversion of catalase Compound Il to
. ‘7# ¢ ferricatalase by NO Addition of ferrocyanide (10@M), a
O-Tyr H0+0; H0, O-Tyr one-electron donor, to ferricatalaseyvl) under the turn-
NO;- NO; over cqndition gengrated Compound II., a ferryl oxo heme,
NO'\)/ \QNO, /( DH which is characterized by the absorption at 424, 534, and
o, o - 567 nm (spectrum a). B, was supplied continuously by

the glucose oxidase (75 nM)/glucose (10 mM) system.

Addition of an aliquot of NGsaturated buffer to Compound
@ VDR @ Il resulted in the decay of Compound Il absorption with a
O-Tyr H0+0, H,0, OTyr concomitant increase in the absorption bands (405 and 625
nm) of ferricatalase. A set of isosbestic points indicates that
“Compd 1II" “CompdIl” Compound Il was converted to ferricatalase without detec-

: . , table intermediates.
Scheme 1A proposed mechanism for the conversion by NO Wi d the ti d dent i f the ab
catalase Compounds Il and Il to ferricatalase. Two-electron € measure € ume-aependent increase ot the absorp-

oxidation of ferricatalase by @, generates the catalytically active tion band at 625 nm, which is unique to ferricatalase, to
Compound |, a ferryl oxo species with porphyrigation. Filing ~ estimate the rate of ferricatalase formation as shown in the
an electron in thercation radical by a one-electron reductant (DH) lower panel of Figure 1. Addition of NQo Compound Il

such as ferrocyanide produces Compound II, another |nact|v%poim a) caused a rapid increase of the absorption at 625 nm

species. Compound Il is reduced to ferricatalase by oxidizing NO : : o
to nitrite. Compound llI, produced by addition of exces®+o a}ccompanled by a_slow phase. The Convers.lon was quantita
tive as the amplitude of D#¥s is proportional to the

Compounds I, can also be converted to ferricatalase by e : e . S
latter being oxidized to the level of nitrate. concentration of added NOA similar biphasic kinetics was

obtained for the reaction of NQwith Compound Il of

*Corresponding author: Phone +82-33-250-8516; E-mail: hanshiorseradish pergxidaée. _ .
@kangwon.ac.kr We next examined the reaction of Compound Il with"NO
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Figure 1. Conversion of catalase Compound Il to ferricatalase.Figure 2. Conversion of catalase Compound lIl to ferricata
Catalase Compound Il (spectrum a) was produced by incubatinCatalase Compound 11l (spectrum b) was produced by addi
ferricatalase (/M) in 50 mM KR (pH 7.0) with HO. (generatée mM H.0O, to Compound Il (spectrum a). The lower panel show
by 10 mM glucose and 75 nM glucose oxidase) and [AMdO increase in the absorbance at 625 nm due to the formal
ferrocyanide for 90 min. The lower panel shows the increase in thferricatalase upon addition of NQo Compound IIl. Spect
absorbance at 625 nm due to the formation of ferricatalase upcobtained at times a-e in the lower panel are plotted in the
addition of NO to Compound Il. Spectra obtained at times a-e inpanel.

the lower panel are plotted in the upper panel.
added NO

(see Fig. 2). Compound Il containing a?F©, heme was Both Compounds Il and Ill are known to be inactive. At
prepared by adding excess@® to Compound Il (spectrum low H,O, concentrations, Compound Il spontaneously decays
a) as described by LardindidNe observed evolution of a back to ferricatalase. At higher ;& concentrations,
gas which is presumed to be oxygen (see Scheme 1fompound Il is converted to Compound lll, a fraction of
Absorption bands at 416, 549, and 584 nm (spectrum byvhich becomes irreversibly inactivatedl. Although the
clearly identify Compound IIl as the major product. Addi- conversion of Compounds Il and Il to ferricatalase is
tion of NO to Compound Il resulted in the formation of manifest in the spectral changes, it is worth confirming that
ferricatalase as evidenced by the absorption bands at 405 aN®D’ restores the enzyme activity. Under the conditions
625 nm (spectra c-e). Isosbestic points were not so clear aetailed in Experimental section, the activity of Compound
those in the conversion of Compound Il to ferricatalasell was 82 + 3% of the native enzyme without N@atment.
suggesting that a third species could be involved in théhis means that most of Compound Il decayed back to
reaction. It is highly probable that the regenerated ferricataferricatalase upon dilution of the reaction mixture to obtain a
lase reacted with the excess@d performing a normal 5 nM catalase solution which is appropriate for the activity
catalytic function so that the spectra had contributions fromassay. Addition of NQ however, raised the activity further
Compound I. up to 94 + 2% demonstrating that N@onverted residual
The lower panel of Figure 2 shows the increase in th&€€Compound Il to the active ferricatalase. About 6% of the
absorbance at 625 nm during the conversion of Compoundnzyme seemed to be irreversibly inactivated. Similarly,
lll to ferricatalase. Comparing with the lower panel of Compound Il without NO treatment showed a relative
Figure 1, one can notice that the conversion rate was mudctivity of 65 + 3%, which was increased to 82 + 2% when
slower than that for Compound Il. Accordingly a higher NO' was added to convert Compound Il to ferricatalase.
concentration of NOwas needed to see the same increase ifrreversible inactivation was ~18% for Compound IlI, which
As2s Ssince oxygen can compete with Compound Il for theis much larger than that for Compound Il, in agreement with
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a previous observation. over HO, generated by 10 mM glucose and 75 nM glucose
In conclusion, NOconverted catalase Compounds Il and oxidase. Addition of 10uM ferrocyanide to the reaction

Il to ferricatalase restoring the enzyme activity. Compoundmixture slowly accumulated Compound Il, which was

Il reacted with NOat a much faster rate than Compound IIl. monitored spectrophotometrically. In 90 min almost all

A proposed mechanism is summarized in Scheme 1. catalase was converted to Compound Il, which was
identified by the absorption bands at 424, 534, and 567 nm.
Experimental Section Compound Il was prepared by adding 40 mMOk to

Compound II. A full conversion was confirmed by the
Bovine liver catalase was purchased from Roche Appliegbsorption bands of Compound Ill at 416, 549, and 584 nm.
Science (Mannheim, Germany) and dialyzed extensively
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