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Abstract 
Mercury is one of the three major environmental metal poisons, and mercuric chloride is a highly reactive compound which 
can harm cells by a variety of mechanisms including direct interaction with sulphydryl groups of proteins and enzymes, 
therefore affecting the enzymatic activity. This study focused on the effect of Hg++ on horseradish peroxidase (donor: hy-
drogen peroxide oxidoreductase, EC 1.11.1.7) (HRP) (Isoenzyme C) activity. In the presence of 88 mM hydrogen peroxide 
Km for o-dianisidine oxidation was 0.05 millimolar and Vmax was 8.5 µM.s-1. Incubation of the enzyme with 1 to 100 milli-
molar mercuric chloride for 5-20- and 60 min resulted in progressive inhibition of the enzymatic activity. At low Hg++ con-
centrations the inhibition was reversible by excess substrate, while at high Hg++ concentration the inhibition was not re-
versible. Results also indicated that the type of inhibition depended on the duration of incubation of the enzyme with metal 
ion and on the Hg++ concentration. So we could conclude that the type of inhibition changed from noncompetitive to mix 
with increased incubation time and increased metal concentration.  
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Introduction 
Metal- induced toxicity and carcinogenicity, is 
mediated by various modifications of bio-
molecules. For heavy metals such as mercury, 
cadmium and nickle the primary route for their 
toxicity is depletion of glutathione and bonding 
to sulfhydryl groups of proteins (1). The re-
markable affinity of Hg2+ for aminoacids and 
proteins can cause structural and functional ab-
normalities in biomolecules (2).  
Mercury is widely distributed in the earth’s 
crust, sea, ground and rain water, and its toxic 
effects on biological systems through direct up-
take as well as by accumulation in food chains 
is well known (1, 2).  
Peroxidase is important detoxifying enzymes 
serving to rid cells of excess H2O2 under nor-
mal and stress conditions. Although peroxi-
dases remain active in the presence of a number 
of metal ions, recent reports have also indicated 
their inhibition by metal ions (3-6). 

In this study, the effect of increasing amounts 
of Hg2+ ion on horseradish peroxidase (HRP) 
activity was investigated in vitro. HRP is a 
member of the plant peroxidase superfamily, 
which utilizes hydrogen peroxide to oxidize a 
wide variety of organic and inorganic com-
pounds. This gives rise to a range of colorimet-
ric, fluorimetric, chemiluminescent and electro-
chemical assays for HRP activity. HRP is very 
widely used as an indicator in immunoassays, 
non-isotopic DNA probes, cytochemistry, bi-
enzyme systems, biosensors and chimeric can-
cer therapy prodrugs. This is owing to its sta-
bility, high catalytic rates, ease of conjugation 
to other molecules and wide choice of assays of 
activity. (7-10)  
Furthermore this enzyme has good potentiali-
ties for removing toxic aromatic compounds 
like phenol from waste water of various indus-
tries, such as pulp and paper industry (11-13).  

 * Corresponding author: Tel: + 98 21 64432525, E-mail: einolahn@sina.tums.ac.ir 

Iranian J Publ Health, 2006, Vol. 35, No. 2, pp.49-56



N Einollahi et al: Effect of Mercuric Chloride… 

50 

Materials and Methods 
HRP (isoenzyme c) was obtained from Sigma 
Chemical Co., as a freeze-dried powder (type 
XII); o-dianisidine dihydrochloride was also 
obtained from Sigma. Hydrogen peroxide (30% 
solution), mercury chloride and all the other 
chemicals used in this work were obtained from 
Merck and were of reagent grade.  
HRP activity was measured by following the 
H2O2 dependent oxidation of o-dianisidine at 
460 nm, using an extinction coefficient of 11.3 
mM-1 cm-1 (14). o-dianisidine stock solutions 
(10 mM) were prepared by dissolving o-dian-
isidine in distilled water. H2O2 stock solutions 
(88 mM) were prepared daily by appropriate 
dilution of 30% H2O2 in distilled water. HRP 
solutions (1 mg/ml) were prepared by dissolv-
ing the enzyme in distilled water. Enzyme con-
centrations were determined spectrophotomet-
rically using an extinction coefficient of 133 
mM-1cm-1 at 404 nm and a molecular weight of 
44,000. Stock solutions of HgCl2 (1M) were 
prepared in distilled water. The assay was per-
formed in 0.1 M citrate buffer, pH 4.0, since a 
preliminary pH profile indicated 4.0 as the op-
timum pH. The reaction was started by adding 
30 µl of 0.088 M H202. For assays done in the 
presence of Hg2+ ions, appropriate amounts of 
stock solution were mixed with 0.1 M citrate 
buffer, the final volume was always 3 ml and 
the concentration of ions varied from 1 to 100 
mM. The enzyme (final concentration 3.6 nM) 
was added and incubated with the ions for 5, 20 
or 60 min before addition of o-dianisidine. The 
reaction was then started by adding H202 as 
usual. 
All assays were carried out on ice using ultras-
pec 4000 spectrophotometer. Results were av-
erage of at least three separate experiments and 
were analyzed with swift software. 
 
Results 
The effect of Hg2+ on the oxidation of o-dian-
isidine by HRP in the presence of H2O2 was 
determined by following the formation of oxi-

dized o-dianisidine at 460 nm, under steady - 
state conditions, and after 5-, 20- or 60-min pre-
incubation of the enzyme with the metal ion.  
Optimum pH for assay of catalytic activity of 
HRP was 4 which is shown in Fig. 1. In Fig. 2 
the optimum enzyme concentration for assay of 
HRP catalytic activity is presented. Fig 3 and 4 
are Michaelis- Menten and Lineweaver- Burk 
plots for HRP. The enzyme's Vmax was 8.5 
µMs-1 and its Km was 0.06mM. Incubation of 
the enzyme with 1 to 100 millimolar mercuric 
chloride for 5-, 20- and 60 min resulted pro-
gressive inhibition of the enzymatic activity. In 
preliminary experiments 5 min incubation with 
1 to 100 millimolar HgCl2 in room temperature 
led to 27% to 63% inhibition while 60 min in-
cubation with 100 millimolar HgCl2 led to as 
much as 57% to 88% inhibition of the enzyme 
activity. 
In order to reduce the variations of temperature, 
rest of the experiments were performed on ice. 
Table 1 shows inhibition percent of various 
concentrations of Hg2+ on HRP activity on ice. 
Incubation of HRP (3.6 nM) with Hg2+ (1-100 
mM) resulted in inhibition of the enzymatic ac-
tivity; the type of inhibition depended on the 
length of incubation of the enzyme with the 
metal ion and on Hg2+ concentration. Inverse 
plots obtained after 5-min preincubation of 
HRP and Hg2+ at different Hg2+ concentrations 
with o-dianisidine as the varied substrate are 
shown in Fig 5. The plot was linear with a com-
mon intercept in the abscissa indication non-
competitive inhibition for 1 mM concentration 
of HgCl2. The enzyme’s Vmax

 decreased from 
8.3±0.2 µMs-1 for the control to 6.6±0.2 µMs-1 
for 1 mM Hg2+ while Km remained unaffected. 
As concentration increased, the type of inhibi-
tion changed from noncompetitive to mix. For 
concentrations of 25 to 100 mM, the common 
intercept was no longer found on the abscissa 
but above it and to the left of the ordinate, indi-
cating mixed inhibition of enzyme activity by 
Hg2+. Similar results were found when HRP 
and Hg2+ were preincubated for 20 min (Fig. 6). 
For 1 mM Hg2+ concentration the enzyme’s 
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Vmax decreased from 8.3±0.2 µMs-1 for the con-
trol to 6.2±0.2 µMs-1 for 1 mM, while its Km 
remained unaffected. For Hg2+ concentrations 
of 25 to 100 mM, mixed inhibition of HRP ac-
tivity by Hg2+ was found and both Vmax and Km 
were affected. When HRP was preincubated 
with Hg2+ for an interval of one hour, noncom- 
petitive inhibition was observed for 1 mM Hg2+ 

concentration, and for Hg2+ concentrations of 5 
mM and higher mixed inhibition of the enzyme 
activity by Hg2+ was found (Fig. 7).   
The values of Km

 and Vmax
 after incubation       

of HRP with increasing concentrations of Hg2+ 
for different times have been summarized in 
Table 2. 

  

 
Fig. 1: pH profile for HRP 

 

 
Fig. 2: The optimum enzyme concentration for assay of HRP catalytic activity. 
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Fig. 3: The Michaelis - Menten plot for HRP to determine Km and Vmax of the enzyme. 
 
 

 
 

Fig. 4: The lineweaver- Burk plot for HRP to determine Km and Vmax of the enzyme. 
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Fig. 5: Inverse Plots of 1/rate VS. 1/[o-dianisidine]. HgCl2 concentratinos of 0 (•), 1 ( ), 25 ( ), 50 (◊) and 100 ( ) mM 

were used. HRP and HgCl2 were preincubated for 5 minutes. 

 
Fig. 6: Inverse Plots of 1/rate VS. 1/[o-dianisidine]. HgCl2 concentratinos of 0 (•), 1 ( ), 25 ( ), 50 (◊) and 100 ( ) mM 

were used. HRP and HgCl2 were preincubated for 20 minutes. 
 

 
Fig. 7: Inverse Plots of 1/rate VS. 1/[o-dianisidine]. HgCl2 concentratinos of 0 (•), 1 ( ), 5( ), 25 (◊) and 50 ( ) mM 

were used. HRP and HgCl2 were preincubated for 60 minutes. 
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Table 1: Inhibition percent of various concentrations of Hg2+ on HRP activity 
 

Hg++ Concentration 
Incubation time 

1 mM 
(%) 

25 mM 
(%) 

50 mM 
(%) 

100 mM 
(%) 

5 min 10 13 16 27 
20 min 18 20 33 48 
60 min 23 25 52 57 

 
Table 2: Values of Km and Vmax after incubation of HRP in increasing concentrations of Hg2+ for different times 

 

5 min 20 min 60 min Incubation time 
 
[Hg2+] mM Km (mM) Vmax (µMS-1) Km (mM) Vmax (µMS-1) Km (mM) Vmax (µMS-1) 

0 0.06 ± 0.02 8.3 ± 0.2 0.06 ± 0.02 8.3 ± 0.2 0.06 ± 0.02 8.3 ± 0.2 

1 0.06 ± 0.02 6.6 ± 0.2 0.06 ± 0.02 6.2 ± 0.2 0.06 ± 0.02 7.2 ± 0.2 

5 - - - - 0.09 ± 0.02 6.8 ± 0.2 

25 0.16 ±  0.02 6.6 ± 0.2 0.19 ± 0.02 6.4 ± 0.2 0.11 ± 0.02 5.4 ± 0.2 

50 0.20 ± 0.02 5.8 ± 0.2 0.26 ± 0.02 5.7 ± 0.2 0.16 ± 0.02 2.5 ± 0.2 

100 0.26 ± 0.02 5.2 ± 0.2 0.38 ± 0.02 4.4 ± 0.2 - - 

 
Discussion 
Mercury is of public health concern due to its 
toxic effects and widespread occurrence in the 
environment. Nowadays it is widely used in 
hundreds of applications. The distribution, ab-
sorption, metabolism, toxicity and excretion of 
metallic mercury have been examined exten-
sively in recent years (15). But unfortunately 
past research has rarely focused on the effect of 
mercuric chloride on horseradish peroxidase(8).  
In this study the effect of metallic mercury on 
HRP has been investigated. HRP is an impor-
tant heme-containing enzyme that has been 
studied for more than a century. It is an impor-
tant analytical tool, and has been used as a re-
agent for organic synthesis and biotransforma-
tion as well as in coupled enzyme assays, 
chemiluminescent assays, immunoassays, the 
treatment of waste waters and targeted cancer 

therapy(8). Few plant enzymes are represented 
so widely in the scientific and patent literature 
as HRP (8). 
There are several reports that show metal ions 
and organic molecules such as cadmium, co-
balt, copper, P-aminobenzoic acid, thiouracils 
and phenylcyclopropylamine can inhibit HRP 
activity (16, 17). Also the effect of metallic 
mercury on different enzymes other than HRP 
has been investigated. For example it is re-
ported that mercury is a noncompetitive in-
hibitor of glutathione peroxidase (18). Com-
pany et al. has shown Hg2+ has inhibitory effect 
on catalase activity in marine organisms (19). 
But there are few reports about the effect of 
Hg2+ on HRP activity. In two different reports 
which have used luminol-enhanced chemilumi-
nesence (LmCL) to study the in vitro effect of 
contaminants such as heavy metals, Ilyina et al. 
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has shown that mercury inhibited HRP-medi-
ated LmCL (20), though in another study mer-
cury did not significantly affect the HRP medi-
ated Lm CL (21). In yet another report, a me-
thylene blue- mediated enzyme biosensor for 
the detection of mercury (II) was developed and 
HgCl2 could irreversibly inactivate immobilized 
HRP (22). 
The studies on enzymatic activity presented 
here showed that Hg2+ was a reversible inhibi-
tor of o-dianisidine oxidation by HRP. Incuba-
tion of HRP with Hg2+ resulted in inhibition of 
the enzymatic activity; the type of inhibition 
depended on the length of incubation of the en-
zyme with the metal ion and on Hg2+ concen-
tration. Inverse plots obtained after different 
times of HRP preincubation with Hg2+ showed 
two patterns of inhibition the plot was linear 
with a common intercept in the abscissa indi-
cating noncompetitive inhibition for low con-
centrations of HgCl2 or for short preincubation 
times. The type of inhibition changed from non-
competitive to mix with increased incubation 
time and increased metal concentration. Further 
research should be performed to determine the 
binding site and the stoichiometry of Hg2+ bind-
ing to the enzyme.  
It was concluded that mercuric chloride was a 
potent reversible inhibitor of HRP and showed 
two different patterns of inhibition. 

 
Acknowledgements 
This work was supported in part by a grant 
from vice chancellor of research, Tehran Uni-
versity of Medical Sciences, Iran.  
 
References 
1. Valko M, Morris H, Cronin MT (2005). Met-

als, toxicity and oxidative stress. Curr 
Med Chem, 12(10): 1161-208. 

2. Valee BL, Ulmer DD (1972). Biochemical 
effects of mercury, cadmium and lead. 
Ann Rev Biochem, 91-125. 

3. Hegedus A, Erdeis S, Horvath G (2001). 
Comparative studies of H202 detoxifying 

enzymes in green and greening barley 
seedlings under cadmium stress. Plant 
Sci, 160: 1085-93. 

4. Converso DA, Fernandez ME, Tomaro ML 
(2000). Cadmium inhibition of a struc-
tural wheat peroxidase. J  Enzyme Inhib, 
15: 171-83. 

5. Keyhani J, Keyhani E, Einollahi N, Minai-
Tehrani D, Zarchipour S (2003). Het-
erogeneous inhibition of horseradish per-
oxidase activity by cadmium. Biochim 
Biophys Acta, 1621(2):140-48.  

6. Youngs HL, Sundramoorthy M, Gold 
MH (2000).Effects of cadmium on 
manganese peroxidase competitive 
inhibition of MnIl oxidation and thermal 
stabilization of the enzyme. Eur J 
Biochem, 267: 1761-69. 

7. Welinder KG (1985). Plant peroxidases. 
Their primary, secondary and tertiary 
structures, and relation to cytochrome c 
peroxidase. Eur J Biochem,151: 497-504. 

8. Veitch NC (2004). Horseradish Peroxidase: a 
modern view of a classic enzyme. Phyto-
chemistry, 65: 249-59.  

9. Rowley B, Monestier M (2005). Mechanisms 
of heavy metal-induced autoimmunity. 
Molecular Immunology, 42: 833-38.  

10. Ryan D, Smyth MR, Fagain CO (1994). 
Horseradish Peroxidase: The analyst's 
friend. Essays Biochem, 28:129-46. 

11. Courteix A, Bergel A (1995). HRP cata-
lyzed hydroxylation of phenol: II Kinetic 
model. Enzyme & Microbiol Tech, 17: 
1094-100. 

12. Tong Z, Qingxiang Z, Wilson S, Min Q 
(1998). Kinetic study of the removal of 
toxic phenol and chlorophenol from 
waste water by Horseradish peroxidase. 
Chemospere, 37(8):1571-77. 

13. Bodalo A, Gomez JL, Gomez E, Bastida J, 
Maximo MF (2005). Comparison of com-
mercial peroxidases for removing phenol 
from water solutions. Chemosphere, xxx 
Article in Press.  



N Einollahi et al: Effect of Mercuric Chloride… 

56 

14. Worthington CC, Worthington (1988). En-
zyme Manual: Enzymes and Related Bio-
chemicals. Freehold, New Jersey, pp.: 
254-60. 

15. Bhan A, Sackar NN (2005). Mercury in the 
environment: effect on health and repro-
duction. Rev Environ Health, 20(1):39-56 

16. Zaton AML, Aspuru EO (1995). Horse-
radish Peroxidase inhibition by 
thiouracils. FEBS letters, 374: 192-94.  

17. Sayre LM, Naismith RT,Bad MA,LI WS, 
Klein ME,Tennant MD (1996). Trans-2-
Phenylcyclopropylamine is a substrate 
for and inactivator of HRP. Biochim 
Biophys Acta, 1296: 250-56.  

18. Bem EM, Mailer K, Elson CM (1985). In-
fluence of mercury (II), cadmium (II) 
methylmercury and phenylmercury on 
the kinetic peroperties of rat liver glu-
tathione peroxidase. Can J Biochem Cell 
Biol, 63(12): 1212-16.  

19. Company R, Serafim A, Bebianno MJ, 
Cosson R, Shillito B, Fiala-Medioni A 

(2004). Effect of cadmium, copper and 
mercury on antioxidant enzyme activities 
and lipid peroxidation in the gills of the 
hydrothermal vent mussel Bathymodiolus 
azoricus. Marine Environmental Re-
search, 58: 377-81. 

20. lyina AD, Martinez Hernandez Jl, Lopez 
Lujan BH, Maurico Benavides JE, Garcia 
JR, Rodriguez Martinez J (2000). Water 
quality monitoring using an enhanced 
chemiluminescent assay based on peroxi-
dase-catalyzed peroxidation of luminal. 
Appl Biochem Biotechnol, 88: 45-58. 

21. Coteur G, Dubois P (2004). Interaction of 
metals with Peroxidase- mediated lumi-
nol -enhanced, chemiluminescense (PLm 
CL). Luminescence, 19: 283-86. 

22. Han S, Zhu M, Yuan Z, Li X (2001). A 
methylene blue- mediated enzyme elec-
trode for determination of trace mercury 
(II) Mercury (I) ... complex. Biosensors 
and Bioelectronics, 16: 9-16.  

 
 
 
 

 
 


