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Abstract: The inhibitory effect of para-nitrophenol on the catalytic reaction of catalase was

investigated. Michaelis-Menten kinetic parameters were determined from Lineweaver-Burk plots

obtained in the absence or in the presence of the inhibitor. The inhibitor pattern, revealed by

the Lineweaver-Burk plots, suggested a fully mixed inhibition mechanism. Spectrophotometric

monitoring of the indicator reaction: H2O2
catalase, para−nitrophenol
−−−−−−−−−−−−−−−−−→ H2O+ 1

2O2 in conjunction

with initial rate measurements was employed for the kinetic determination of the inhibitor.

Calibration plots of initial rate vs. para-nitrophenol concentration were linear in the

concentration range 0.9·10−5 – 2.5·10−5 mol/L and the detection limit was 3·10−6 mol/L (417

µg/L) para-nitrophenol. Interferences from other phenolic compounds like orto-cresole, meta-

and orto-nitrophenol were observed.
c© Central European Science Journals. All rights reserved.

Keywords: Kinetic method, catalase, para – nitrophenol, hydrogen peroxide, inhibition, water
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1 Introduction

Catalase (ferricatalase; EC 1.11.1.6) is a heme-containing enzyme present virtually in all

aerobic organisms [1], where it plays a significant role in the decomposition of hydro-

gen peroxide resulted from several biochemical reactions. This reaction, known as the

“catalatic” reaction:
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2H2O2
catalase
−−−−→ 2H2O + O2 (1)

has been the subject of extensive investigations both with regard to the kinetic [2, 3]

and the mechanism [4-6] of the reaction. The mechanism of catalatic action includes

two steps. In the first step occurs the reduction of one H2O2 molecule by ferricatalase,

yielding a covalent oxyferryl species with a porphyrin π – radical cation, called compound

I [7]:

Catalase + H2O2 ⇆ [catalase − H2O2] ⇆ Complex I + H2O very fast (2)

In the next step compound I oxidizes another H2O2 molecule regenerating the ferri-

catalase and releasing molecular oxygen and water:

Compound I + H2O2 ⇆ [Compound I − H2O2] → Catalase + H2O + O2 fast (3)

Compound I may react with a donor molecule (AH) to a secondary, catalytically inactive,

compound, where the oxyferryl center is retained but the porphyrin radical is reduced

[7]:

Compound I + AH → Compound II + A slow (4)

Compound II in turn may react with another H2O2 molecule to form compound III.

Reactions of other organic peroxides with catalase are also mentioned in the literature

[8, 9].

Catalase is also known to have a “peroxidatic” activity as it is an effective catalyst for

the oxidation of H-donors like methanol, ethanol, formic acid etc, by hydrogen peroxide

or other peroxides [10, 11]:

ROOH + H2A catalase
−−−−→ ROH + H2O + A (5)

R = H, alkyl, acyl

Typical inhibitors for the “catalatic” reaction are anions such as azide, cyanide and

fluoride [12-14] or compounds like 3-amino-1,2,4-triazole [15] and acetylsalicylic acid [16].

Phenolic compounds are an important category of pollutants of waters and soils be-

cause they are currently employed to obtain pesticides, in pulp processing or as preser-

vatives for woods, textiles and leather [17, 18]. Specifically, para-nitrophenol may be

found in industrial waste waters resulting from pesticide or dye – stuff synthesis and

from the treatment of leather. It contaminates the water also as a breakdown product of

pesticides like parathion [19]. The quantitative determination of phenol is therefore very

important to environmental protection; additionally there is a need for economical, rapid

and automated methods of analysis.

We found that para-nitrophenol exerts an inhibitory effect upon the catalase cat-

alyzed H2O2 decomposition. This fact allowed us to develop a kinetic method for the

determination of para-nitrophenol, applicable to waste water samples. Other methods

are currently used for the determination of phenols including UV-VIS spectrophotometry
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[20-22], potentiometric [23, 24] and amperometric methods [25, 26] or high – performance

chromatographic techniques [27-29]. Not so common methods like non – aqueous capillary

electrophoresis [30] or enzyme – linked immunosorbent assay [19, 31] were also employed

for the determination of phenols.

2 Experimental

2.1 Equipment

Spectrophotometric measurements were performed with a JASCO V-530 UV-VIS spec-

trophotometer, equipped with a thermally controlled cell-holder and with automatic data

acquisition on a PC. The temperature was kept constant at 20 ± 0.1 ◦C, by means of a

LAUDA M12 recirculatory water bath. Quartz cells of 10 mm path length were used.

2.2 Reagents and solutions

The bacterial catalase of Micrococcus lysodeikticus 176340 U/ml‡ from Fluka was em-

ployed. From the ratio of absorbances at 405nm and 280nm, A405/A280, a purity index of

0.85 resulted for the enzyme. Catalase concentration was determined spectrophotomet-

rically at 407 nm, where the extinction coefficient is ε = 4·105 mol−1· dm3·cm−1[32]. All

other reagents were of analytical reagent grade. The solutions were prepared with deion-

ized, four-time distilled water in order to avoid the interference of heavy metals. Stock

solutions of catalase (9·10−10 mol/L), H2O2 0.1 mol/L and para-nitrophenol 10−3 mol/L

in phosphate buffer of pH = 7.0 were freshly prepared before each set of experiments.

2.3 Procedures

The consumption of H2O2 was followed spectrophotometrically at 240 nm. Samples of 2.5

mL volume were prepared directly in the cuvette from the thermally regulated solutions

of the reagents. The injection of 0.5 mL of the stock solution of the enzyme started

the reaction. Hydrogen peroxide exhibits an absorption peak at 240 nm, with ε = 50.1

mol−1·dm3·cm−1. The extinction coefficient was determined in phosphate buffer solution

over the concentration range of 4.8 ·10−3 mol/L to 4.8 ·10−2 mol/L H2O2. At the same

wavelength para-nitrophenol has an absorption minimum characterized by ε = 4 × 103

mol−1·dm3·cm−1. All the kinetic curves, absorbance vs. time obtained in the presence of

para-nitrophenol, were corrected with respect to the absorbance of this compound. No

reaction between para-nitrophenol and H2O2 could be observed, at least during the time

scale of our experiments. A typical kinetic curve of this kind is presented in Figure 1.

‡ 1 U (the enzyme unit) = the amount of enzyme, able to transform 1µmol of the substrate in 1 minute,

under standard conditions.
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3 Results and discussion

3.1 The decomposition of hydrogen peroxide by catalase

A large amount of information is available in the literature about the kinetics and the

mechanism [4, 33-35] of the catalytic reaction of catalase.

Fig. 1 A typical kinetic curve for the catalytic decomposition of H2O2 in the presence of para –
nitrophenol: [H2O2] = 5 · 10−3 mol/L, [catalase] = 1.8 · 10−10 mol/L, [p – nitrophenol] = 4·10−6

mol/L pH = 7, at 20 ◦C. “A” represents the absorbance of the reaction mixture at different
moments and “A∞” is the absorbance at the end of the reaction.

Measurements were performed, in the absence of p – nitrophenol, for five initial con-

centrations of H2O2 between 5·10−3 mol/L and 5.2·10−2 mol/L at constant enzyme con-

centration (1.8·10−10 mol/L), in order to obtain the Michaelis – Menten kinetic parame-

ters and compare them with data from the literature. The absorbance change for H2O2

disappearance was of first order up to 600 s from the start. It was possible to fit the

experimental curve to that for the first order decay of a reactant: y = a· exp(−b · x),

with correlation coefficients of about 0.99 (Figure 1), where ”a” stands for A0 - A∞ and

”b” stands for the observed first order rate constant, kobs. The initial velocities, r0, were

determined by numerical derivation, at t = 0.01 s, after converting the absorbance vs.

time curve in a concentration vs. time curve. Mean values of initial velocities were cal-

culated from 3 – 4 measurements at the same initial concentration of H2O2. The first –

order rate constants were calculated from the fitted curves and the values divided by the

initial concentration of the enzyme. It resulted in a mean k value of 1.92 · 107 L· mol−1·

s−1, which is very close to the values that have been reported for erythrocyte catalase

(k0/[E]0 = 3.5 ·107 mol· L−1· s−1 [5]), for horse blood catalase (k0/[E0]= 3.5 ·107 mol−1· L·

s−1 [36]) or for beef liver catalase (k0/[E]0 = 2 · 107 mol−1· L· s−1 [37]). Several methods
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were employed for the determination of the Michaelis – Menten parameters, including:

• the direct plot of initial velocity as a function of initial hydrogen peroxide concen-

tration, expressed like [S] [38]:

r0 =
rmax · [S]

KM + [S]
(6)

A nonlinear curve fit according to this equation was performed by means of a computer

graphic program and rmax and KM were calculated by the curve – fitting routine.

• the Lineweaver–Burk double reciprocal plot [39]:

1

r0

=
1

rmax

+
KM

rmax

·
1

[S]
(7)

where rmax resulted from the intercept and KM from the slope of the graph

• the Eadie–Hofstee [40, 41] plot:

r0 = rmax − KM ·
r0

[S]
(8)

where again rmax resulted from the intercept and KM from the slope of the graph

• the Hanes–Wolff [42]:

[S]

r0
=

1

rmax

· [S] +
KM

rmax

(9)

where rmax was determined from the slope and KM from the intercept of the plot

• and the Eisenthal–Cornish–Bowden plot of r0 vs. –[S] [43], where rmax and KM were

obtained from the intersection point of the lines connecting the corresponding points on

the two axes.

The results are presented in Table 1.

Graphical Non-linear Lineweaver Eadie Hanes Eisenthal
methods curve fitting -Burk -Hofstee -Wolff -Cornish

-Bowden

rmax × 105

(mol·L−1·s−1) 8.5 ± 0.3 7.5 ± 0.5 7.8 ± 0.4 8.0 ± 0.5 7.5 ± 0.6

KM × 102

(mol/L) 5.16 ± 0.51 4.27 ± 0.30 4.49 ± 0.35 4.73 ± 0.40 4.23 ± 0.55

Table 1 Estimates of rmax and KM from various graphical treatments.

Mean value of Michaelis-Menten constant KM = (4.57 ± 0.38)·10−2 mol/L and max-

imum velocity rmax = (7.9 ± 0.4)·10−5mol·L−1·s−1, are comparable to those mentioned

by George [3] for low concentration substrates.
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3.2 The influence of para-nitrophenol concentration on the rate of hydro-

gen peroxide decomposition

The decomposition of hydrogen peroxide, in the presence of para-nitrophenol was also

investigated by means of initial rate studies.

Kinetic experiments for H2O2 decomposition performed in the presence of para-nitro-

phenol and repeated several times proved the inhibitory effect of this compound.

When the concentration of H2O2 was varied at several fixed concentrations of para-

nitrophenol, Lineweaver-Burk plots resulted in a family of straight lines (Figure 2). The

mathematical relationships for the Michaelis – Menten parameters in the presence of the

inhibitor, I, are:

rmax(I) = rmax





1 + β
[I]
K ′

I

1 + [I]
K ′

I



 and KM(I) = KM





1 + [I]
KI

1 + [I]
K ′

I



 (10)

where: K ′
I and KI are the dissociation constants of the enzyme – substrate – inhibitor

complex, ESI, and the enzyme – inhibitor complex, EI, respectively. The constant β is

equal to zero for full inhibition, while for partial inhibition 0< β ≤ 1.

Fig. 2 Lineweaver – Burk graphs for H2O2 decomposition in the presence of various concentra-
tions of inhibitor.

The Lineweaver – Burk plots converge to a common intersection point on the left side
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of the ordinate and above the abscissa (x = −3.3 L· mol−1; y = 0.1444 · 105 L·s·mol−1),

which corresponds to the inhibition pattern of full or partial mixed inhibitors [44, 45].

In order to distinguish between full and partial inhibition, the slopes and inter-

cepts from primary Lineweaver-Burk plots, were plotted against the corresponding para-

nitrophenol concentrations (Figure 2). Both plots gave straight lines, which is typical for

full inhibitors [38, 45].

Fig. 3 Linear dependence of the slopes and intercepts of Lineweaver – Burk plots on the con-
centration of the inhibitor.

Therefore it is very likely, that para-nitrophenol acts as a reversible, fully mixed

inhibitor according to the reaction mechanism:

where: E stands for catalase, S for hydrogen peroxide, I for para-nitrophenol and ES for

the compound I;

KI =
[E] · [I]

[EI]
and K ′

I =
[ES] · [I]

[ESI]
(11)
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The apparent Michaelis – Menten constants and maximum rates from Lineweaver –

Burk plots (Figure 2), in conjunction with the appropriate re-plots (Figure 3) were used

for the determination of the dissociation constants KI and K’I . The value of KI = (1.9

± 2.2)·10−6 mol/L was obtained from the slope of KM(I)/rmax(I) vs. [para-nitrophenol]

graph:

KI =
KM

rmax · slope
(12)

and K
′

I= (1.8 ± 0.8)·10−5mol/L was obtained from the slope of the 1/rmax(I) vs. [para

– nitrophenol] graph:

K ′
I =

1

rmax · slope
(13)

3.3 Kinetic Method for the Determination of Para-nitrophenol

We tried to exploit the inhibitory effect of para-nitrophenol, upon the catalytic reaction

of catalase, for the determination of this compound by means of a kinetic method.

The method consists of the spectrophotometric monitoring of H2O2 consumption fol-

lowed by the determination of initial rate. The results were then used to obtain a cal-

ibration graph of initial rate vs. para-nitrophenol concentration at fixed concentrations

of H2O2 and catalase. The graph was linear over the concentration range 0.5·10−5 to

2.5·10−5 mol/L (Figure 4)

The kinetic equation developed for the system, the relative standard deviation calcu-

lated for five individual kinetic trials at 1.5·10−5 mol/L para-nitrophenol and the detection

limit [46, 47] are summarized in Table 2.

Detection limit Linear regression equation Correlation rsd
× 106 (mol/L) r0 = initial rate (mol·L−1·s−1); coefficient %

C = molar concentration (mol·L) (n = 9)

3 r0 = (5.13 ± 0.31) · 10−5 − (1.65 ± 0.06) · C 0.9987 2.3

Table 2 Features of calibration graphs for the determination of para-nitrophenol.

The effect of various phenolic compounds and metal ions usually associated with

para-nitrophenol in wastewater samples were tested at 1.5·10−5 mol/L level of para-

nitophenole. A variation in initial rate of more than ± 2·10−6 mol·L−1·s−1, in the presence

of any co-existing matrix constituent was taken as an indication of interference. The re-

sults are given in Table 3.

It can be seen from data presented in Table 3, ortho-cresol, ortho – nitrophenol, meta

– nitrophenol, hydroxylamine and some heavy metals ions interfere with the reaction.

The influence of heavy metal ions usually present in wastewaters can be avoided by

complexation with EDTA. Because of the interference of ortho – and meta nitrophenol,
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Fig. 4 Calibration graph for the determination of para-nitrophenol. [H2O2] = 1.74·10−2 mol/L,
pH = 7; t = 20 ◦C.

Interfering species Tolerance limit
(species/p-nitrophenol)

Resorcine, hidroqunone, phenol, EDTA 2000

para-aminophenol 1500

Cysteine, methionine 500

MnO−
4 , Mg2+, Na+, K+ 100

2,4 dinitrophenol 7

Zn2+, Ni2+, Cd2+ 2

ortho-cresol, ortho – nitrophenol, meta-nitrophenol 1

Cu2+, Fe2+ 0.5

Hydroxylamine 0.1

Table 3 Results of interference study at the 1.5 · 10−5 mol/L of para-nitrophenol level.

the method will be suitable for the determination of the total amount of nitrophenols

from wastewater samples.

3.4 Validation of the Real Samples

The nitrophenol content in several samples of wastewater from S.C. Sinteza Oradea S.A.

was determined from the corresponding calibration graph obtained by our technique. The

real samples were filtered, treated with EDTA and the pH was adjusted to 7 prior to the

measurements. The analysis was repeated by using an equilibrium spectrophotometrical

method based on the coupling of nitrophenols with 4-aminoantipyrine, which yielded
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an azo-dye [48]. In Romania, as in other countries, this is a standard method for the

determination of phenols in surface and wastewaters. The recoveries were considered

relative to this method and the results are presented in Table 4.

Sample provenience [nitrophenol]0 × 105 (mol/L) R
STAS method Kinetic method (%)

1.0 0.98 98.0

1.2 1.21 100.8

Wastewater 1.7 1.64 96.5

2.1 2.13 101.4

2.5 2.47 98.8

Table 4 Recovery of nitrophenol concentration determined in wastewater.

The recovery is considered relative to the standard method [48] and ranges between

96 % and 102 %.

4 Conclusions

The kinetic method described in this paper is a promising alternative to currently used

methods for the determination of nitrophenols in waste water samples in quantities below

the levels permitted by legislation. When estimating the total amount of nitrophenol, the

para – nitrophenol was used as a reference for the calibration. The linear range of the

calibration graph varies from 0.5·10−5 to 2.5·10−5 mol/L and the minimum concentration

that can be detected is 3·10−6 mol/L. This kinetic method allows the determination of

para nitrophenol, which cannot be determined with 4-aminoantipyrine. It offers direct

determination of the total amount of nitrophenol in a relative short amount of time, once

the calibration graph is obtained, and it requires only low cost instrumentation.
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