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The present research discusses the structuridizitepand protecting effects of Riagainst suicide-peroxide inactivation of
horseradish peroxidase (HRP). Suicide inactivatibHRP by hydrogen peroxide (3 mM) was monitoredimasuring change in
the absorbance of the colored product (tetraguBiafdhe catalytic reaction cycle at 470 nm. Pesg curves of the catalytic
reaction cycle were obtained at 22, phosphate buffer (5 mM), pH 7.0. The correspogdiinetic parameterse(g, initial
enzyme activity 4,) and the apparent rate constant @ suicide inactivation of HRP by peroxide) wenealuated using a kinetic
equation derived in this study. Comparative actiatand inhibitory effects of Ni on the kinetics of suicide-peroxide

inactivation of HRP are discussed.
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INTRODUCTION

Horseradish peroxidase (HRP, E.C.1.11.1.7) catalyhe
oxidation of aromatic hydrogen donors by hydrogerogide
through a two-electron transferring pathway [1-Gurrently,
industrial applications of peroxidase in chemistand
biotechnology are well developed. Peroxidase maydael in
waste treatment in order to remove aromatic pheaold
amines from aqueous solutions in the presence dfolggn
peroxide. In this treatment
polymerized in the presence of hydrogen peroxideuih a
radical oxidation-reduction mechanism.

Suicide-peroxide inactivation, reactions betwegdrbgen
peroxide and intermediates of the enzyme’s catabytcle that
reduce the sensitivity and efficiency of peroxidgs&], must
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be considered, and various techniques for redutiagole of
suicide inactivation must be applied. Among suchthods,
the use of polyethylene glycol (PEG, with variousl@cular
weights) has been reported to increase the staldlitd
lifetime of the enzyme [8-11].

Generally, it is believed that transition metahsocould
coordinate to the active site donor residues lepdm the
activation of enzymes [12]. Conversely, such camation
may block substrate interaction causing inhibitih3].

phenolic compounds ard’reviously, we reported the effects of transitiontah ions,

including Mrf*, C&*, Ni**, and Cd@*, on the functional
stability and kinetic parameters of HRP catalykiias been
shown [14] that in the presence of low concentregiof metal
ions activatory effects occurred, while at
concentrations of metal ions inhibitory behavibewe been
observed. An earlier study showed that the
functional stability of HRP induced bgn activatory

higher
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concentration of Ni was associated with an increase in its
conformational stability [15]. Such an increase énzyme
activity and stability could be applied to improwelustrially
important processes such as phenol removal ancewaistr
treatment.

The present research investigates the protecffiagteof
Ni?* on the suicide-peroxide inactivation of HRP, imihg its
increased catalytic activity and its reduction e tsuicide
inactivation rate.

EXPERIMENTAL

Materials

Horseradish peroxidase type Il, with a purity xaé 2.30
(R.Z = 2.3), was obtained from Sigma Chemical QSA.
(Guaiacol) orthoomethoxy phenol, nickel chloride

The percentage of phenol conversion or phenol vaimo
(efficiency) was determined using the followingaténships:

Ay [ [AH] o; [AH] consumed A/Ay ~ [AH] o
[AH] t= [AH] (e [AH] consumed
%Removal = [AH]onsumel{/AH] o~ 100

where A and [AH} are the absorbance and concentration,
respectively, of AH at time t. At high concentraiso of
guaiacol, at which a high molecular weight polymeay be
obtained, the concentration of the remaining gudiat each
time is determined spectrophotometrically (510 nusing 4-
amino antipyrine. In order to stop the reactioraapecified
time, 30 | of 3 M sodium azide was added to 1 ml of reaction

(NiCl,.6H,0), ammonium sulfate, sodium phosphates, andnixture. After filtration of the mixture, the amdurof

hydrogen peroxide were obtained from Merck, Germaiily
solutions were prepared in G@ee deionized water
(Barnstead Nanopure D4742, resistance = 18/3.M

Methods

remaining guaiacol, and thus the removal efficignapas
determined. The concentration of hydrogen peroxides
determined = 43.6 crit M™) as previously described [18].

RESULTS AND DISCUSSION

The concentration of peroxidase in the sample was

determined spectrophotometricallyg= 1.02 x 18cm* M™)
[22]. According to our earlier procedure [15], eagtzyme
sample solution is stabilized with Rli Enzyme solutions of
different concentrations were prepared by dilutthg stock
sample (2.35 x I0M) with 5 mM phosphate buffer (pH 7.0)
and 2 mM nickel chloride solution and stored for I24The
specific activity of the native enzyme was 230 U/mg

A temperature controlled (water circulating thelrath,

Fundamentals of Suicide-Peroxide Inactivation of
HRP
Scheme 1 shows the catalytic reaction cycle arel th

inactivation pathway for HRP. The two main reacsiaf the
cycle are shown as reactions (I) and (Il). Reac{ipris the
inactivation process and reaction (ll) (oxidatidrgoaiacol by
peroxide) is the enzyme-catalyzed reaction thatised to
monitor the inactivation process,, B, AH, and P denote the

MLW 8) Shimadzu double beam spectrophotometer modekhole forms of the active enzyme (sum of E, C-l &),
2101 PC was used to measure absorbance and rdoord inactivated enzyme, hydrogen donor (reductant-satedt and
electronic spectra at 2C. The specific activity of HRP was the product (tetraguaiacol), respectively. Thehd denote

determined spectrophotometrically in a 1-min reacttime
course (lag time = 7 s) using guaiacol as the rgeinodonor
[17]. Progress curves of the reaction were obtairgd
following the change
(tetraguaiacol) at 470 nm and by obtaining the maxn
absorbance change upon the addition of 100of fresh
enzyme solution to the reaction mixture at the efdhe
process. The maximum change in absorbance (A) sorels
to the initial amount of guaiacol.

the apparent rate constant of inactivation andafiarent rate
constant of oxidation of the hydrogen donor, retipely.
In the catalytic reaction cycle, the active enzyspecies

in absorbance of the productre free active enzyme (E), C-I, and C-ll. The m@estants of

formation of C-I, C-Il, and Eare extremely large compared to
the k value. Furthermore,;ks about 100 times greater than k
and k. Accordingly, all the active enzyme species are
assumed to be in the form of C-l as the only specie
undergoing the inactivation process.
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Substitution of from Eq. (3) into Eq. (2) and the subsequent
rearrangement and integration, can be used to rolte
integrated kinetic equation of the suicide inadtiva process

in which the AH and KD, substrates are considered to be the
monitoring probe and the suicide inactivating stdist
respectively. Details of the kinetic model haverbdescribed
previously [19].

In summary, according to the model, by monitorthg
AH concentration in the catalytic reaction cyclejeocan
estimate the decrease in the level of the activengoof the
enzyme (due to the suicide inactivation proces®ndd, the

Scheme 1 rate of the consumption of the reducing substrate) @nd the
overall rate of the conversion of active enzyme) (® the
(HO,) k inactivated (B form provides the means of obtaining the
E, —» E (1) differential kinetic equation as well as the meetifiintegrated
kinetic relationship [19]:
(HO,, B
M F I [an] =AM, Exp (oK) (€5 -1) (4)

The following conditions are recommended for the
investigation of the suicide inactivation throughet
simultaneous progress of the reactions (1) and (II)

a) Higher concentration of peroxide with respect te th
concentration of the hydrogen donor (Akg. [H,O,]

wherea,, as the initial activity of the enzyme, is theusabfa
at time (t) = 0. [AH] and [AH], are the molar concentrations
of AH at time t and t = 0, respectively. Equatiet) €an be
used for the determinatiorvié non-linear regression) dd,
and k by fitting the experimental data into EUREKA, a

>> [AH]. M d for thi o
b) Selection and application of AH {(hydroggonor) as a common comput.er S‘? ware, was used for this putpéakies
of a, and kare given in Table 1.

“benign substrate” (substrate which does not damage i
The reductant substrate or hydrogen donor (phenoli

the enzyme)} concentration range, so that it do&s n 4 in th { 0.8 mM is a beni 9
lead to saturation of the enzyme by the substrate a compound) in t_e .rangfe 0_ -8 mM is a benign sabs{f19].
L . S - Indeed, the main inactivation effects are due t hiidrogen
coincides with the initial linear part of the Midles ) i T
peroxide (above 3 mM). This poses a restrictionhenabove-

plot [19-21]. Therefore, the rate of reactioni¢lplways ) , e
. . . mentioned model. This restriction is to ket hydrogen
proportional to the active enzyme concentration.

Our previous work [19] showed that the rates of
consumption of the active enzyme (reaction (l)) ahe

phenolic compound (reaction (11)) could be writas) Table 1.Kinetic Parameters Obtained for Suicide Inactosati

of Horseradish Peroxidase Inducetli3y

(dEp/dt = -d /dt = k [H,O5). 1) (N7 (mMD) K i) i)
-(d[AH])/dt = [AH] =~ ,e™? (2) 0.0 (Native (3.80+ 0.08) x1¢°  (1.16+ 0.09) x 10
HRP)
Integration of Eq. (2) gives: 2.0 (Activatory (0.31+ 0.01) x 1 (2.56+ 0.06) x 10
concentration)
= o e (3) 8.0 (Inhibitory (6.52+ 0.02) x 1  (4.60+ 0.03) x 1¢°
concentration)
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peroxide concentration below the inactivatory ran@el
mM). In our model, by using mass balance relatiforsthe
active peroxidase (reaction (1)) and phenolic coumgb
(reaction (II)), the rate of inactivation of thezgme [Eq. (1)]
and also the rate of consumption of AH [Eq. (2)]swa
obtained. Meanwhile, the inactivatory effects oé thuicide
substrate (hydrogen peroxide) are taken into adcjsae Eq.
(4)]. Another possible solution for reducing andpoeventing
the suicidal effect of hydrogen peroxide is thd#itzation and
protection of the enzyme by suitable effectors liketal ions,
which has been the aim of this study.

In recent years, the use of peroxidases to catatihe
removal of phenolic compounds from waste waters been
investigated by independent researchers [22-29],irbunost
models, suicide inactivation of the enzyme is nmtsidered.
In the process of homogeneous catalysis by HRPh@ t
presence of high concentrations of hydrogen peeoXi 3
mM), irreversible inactivation of the enzyme
considerable importance [4,5].

It is known that metal ions coordinate to activige s
residues and activate enzymes [12] while, in sorases
coordination of metal ion results in inhibition [19n the
previous work, the effects of some metal ions,udiig Mrf*,
Co®*, Ni?*, and Cd&', on the functional stability of HRP and
the kinetics of enzyme catalysis were investigatesing
different concentrations of various metal ions [TBhis study
showed that in the presence of low concentratidnmetal
ions .9, 2 mM of N activatory effects is occurred.
However, at higher concentrations of metal ioag (8 mM
of Ni?*) an inhibitory behavior was observed appeared.

An earlier study showed that an increase in tmetfanal
stability of HRP induced by an activatory concetibra of
Ni?* is associated with an increase in conformatioteikty
of the enzyme §G,0) by 4.9 kJ mot [15]. For this reason,
the enzyme used for phenol removal was incubated an
activatory concentration of Rii (2 mM). Similar results were
reported for the effect of PEG on HRP stabilityl[&: In such

is of

phenoxy radicals formed by the one-electigidation of
phenolic substrates during the catalytic cycle. sThi
inactivation was thought to be caused by the banaih
the free radicals to the heme edge of the enzynte an
disrupting the active active site [33,34].

Reactions between hydrogen peroxide and imegliates
of the enzyme’s catalytic cycle, referred to ascisie-
peroxide inactivation’ [33].
Figure 1 shows typical progress curves for thelation of
guaiacol by hydrogen peroxide (0.3 mM) in the pneseof
the native HRP (lower curve) and “Nstabilized horseradish
peroxidase (upper curve).

Figure 2 shows the inactivation progress curves
different concentrations of Wi ion. The rate law of
inactivation reaction is described by Eq. (4) framich, after
fitting the experimental data into the equationnetic
parameters including &nda, could be obtained.

Figure 2 shows that HRP in the presence df Mower
curve) is more active than the native HRP (middieve), and
practically no suicidal effect of D, was detected (see Table
1). In order to elucidate the metal ion effects, aalditional
experiment was performed using an inhibitory cotretion
of Ni?* (8.0 mM). Results showed that, in the pmeseof

1)

a process, peroxidase can be inactivated by several Fig. 1.Typical progress curves for oxidation of guaiacol

mechanisms:

I) Adsorption of polymerized phenol on peroxidase ltesu
in reduced access of a substrate to the enzyméigeac
site [30-32].

Irreversible reactions between the enzyme anchypher

IN)

(monitored spectrophotometricallg@® nm) by

hydrogen peroxide: (a) in the presef native

HRP, (b) in the presence HRitired by Nf*
(2 mM). Assay conditions: [HRP], 12 nM; [AH],
0.25 mM; [HO;], 0.3 mM; Lag time, 7.s
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