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Abstract

Background: Silver Nanoparticles (AgNPs) can change proteins function and structure. The increased production and high surface
reactivity of silver nanoparticles, has interested researchers to study the interactions of these particles with biomolecules.
Objectives: The present study aimed to show the effects of AgNPs on rice plant root peroxidase enzyme and the interaction quality
between silver nanoparticles and the enzyme.
Materials and Methods: Extracted peroxidase enzyme of rice plant root was treated by AgNPs at concentrations of 0, 20, 40, 80,
100mg/L for 2, 7 and 24 hours. The experiment was done with 15 treatments for measuring the peroxidase enzyme activity using the
spectrophotometry method at a wavelength of 470.
Results: Low concentrations of AgNPs and short incubation times can have the maximum positive impact on the peroxidase activity,
and in the present study the highest activity was seen at a concentration of 40 mg/L and two hours of incubation time.
Conclusions: This study suggests that changes of enzyme activity can occur as a result of the effect of silver nanoparticles on enzyme
conformation, increase of reactive environment pH, and amount of substrate and enzyme stability.
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1. Background

Many improvements have occurred regarding
nanoparticles synthesis with exact sizes and specific char-
acteristics (1). The most essential parts of nanotechnology
are comprehensive understanding of nanoparticles inter-
action with proteins, and response of biological systems
for analysis of nano medicine and nano biotechnology
experimental results (2). One of the most important
nanoparticles in industry is silver nanoparticles with
production rate of 500 tons per year (3). The interactions
of these particles with biomolecules and controlling these
interactions especially with proteins, has become one
of the main issues of research in this field, and the use
of silver nanoparticles has been the subject of attention
by different industries especially medicine, agriculture,
food and production of disinfectants (4-7). The general
reaction of physiological environments against the en-
trance of foreign substances into cells is by adjoining of
biomolecules like proteins to these particles that create
coronas (8). Forming a corona is a competitive process,
and these entities start to grow in biological solutions
quickly and upon the clash of nanoparticles with proteins
and under influence of hydrodynamic, electrodynam-
ics and electrostatic forces (9, 10). The created corona

quickly becomes complete in a way that at first the pro-
teins with high concentration absorb quickly to these
particles, yet during the time lapse their positions are
substituted with those proteins, which have the highest
tendency (1, 11). These particles can have deep impacts
on the proteins at conformation and performance levels,
protein tertiary structure (by decoration of a helixes
and beta sheets), compact construction of the central
hydrophobic amino acids, a sharp reduction in entropy
and electrostatic repulsion are controlled; the reaction
of the protein with the charged levels and interaction
with foreign forces can make some changes in the three
dimensional structure of the protein (12, 13). The created
changes in the three dimensional structure of the protein
can be considered as the main reason of nanoparticles
entrance in enzymes and their function in the increase
of activity and stability of the enzyme. Most studies have
been done on proteins with due attention to the protein
sensitivity to the surroundings environment (14, 15). Song
et al. reported that the activity of peroxidase enzyme,
adsorption to graphite, single-layer carbon nanotubes
and fullerenes were increased in terms of denaturation.
Other studies reported that the six-fold activity increased
the absorption of myoglobin on SBA-15 (2, 16). The proteins
stabilization on the suitable supporters can also increase
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the proteins activity and stability; the thermal stability of
the glucose oxidase enzyme absorption to the nano-silica
is much more than the free enzyme (14); however, reversed
results may be observed. Peroxidase, as a general enzyme
among fungi, plants and vertebrates has many functions
in different areas and it is used in the biology and indus-
try areas as a hydrogen peroxide indicator (13), and in
Enzyme-Linked Immmunosorbent Assay (ELISA) systems,
for polymerization and deposition of liquid phenol (15).

2. Objectives

The aim of this research was to study the interaction
of silver nanoparticles with the peroxidase enzyme regard-
ing enzyme activity and the state of nanoparticles interac-
tion with the protein.

3. Materials andMethods

The AgNPs suspension: The silver nanoparticles were
created by the chemical reduction method of silver nitrate
aqueous solution by sodium citrate, in the presence of 0.1%
polyvinyl alcohol (PVA) stabilizer under stirring at a speed
of 1000 rpm and 97 ± 2°C the optical properties of AgNPs
were evaluated using a 2501PC Shimadzu Co UV-Vis spec-
trophotometer. Size of the prepared AgNPs was studied us-
ing a Nanophox DLS equipped with 632.8 nm HeNe-laser
from Sympatec Co. (Clausthal-Zellerfeld, Germany). For
the X-ray powder diffraction study, the powder microcrys-
talline sample was loaded to an aluminum sample holder
that was rotated during data collection to improve par-
ticle statistics and to minimize preferred orientation ef-
fects. Diffraction data were collected at a range of 1 - 80,
(2[U+019F]), on an STOE STADI P diffractometer equipped
with a scintillation detector, secondary monochromator
and Cu Ka1 radiation (λ = 1.5406 A°) (17).

Plant samples: the rice seeds (Orzya sativa, cv. IR651)
were obtained from the international rice research insti-
tute (IRRI, Iran) and seeds were settled on Yoshida broth by
a screen grid and in a growth chamber with distinct tem-
perature (27°C at days and 25°C at nights) and 16 hours pho-
toperiod and relative humidity. Then, after proper growth
of the plant, the samples were taken and the roots were
kept at the temperature of minus 70°C.

Enzyme extraction: in order to extract the peroxidase
enzyme, the plant root was crushed in 0.1 M Tris-HCl buffer
pH 8 and Polyvinylpyrrolidone (PVP) at 4°C. The crushed
tissue was centrifuged at 20000 g at 4°C during 20 min-
utes, and the obtained supernatant was used as the en-
zyme source (18).

The peroxidase enzyme activity in the presence of the
silver nanoparticles was measured by the spectrophotom-
etry method (18). The enzyme activity was measured by
15 treatments for measuring the guaiacol peroxidase en-
zyme activity with the spectrophotometry method and by
measuring the absorption at a wavelength 470 nm. For
each treatment, the reaction was started by adding 1.5µL of
treated enzyme source with AgNPs at concentrations of 0,
20, 40, 80 and 100 mg/L and durations of 2, 7 and 24 hours
to 800 µL of reactive buffer containing 5 mM guaiacol and
5 mM hydrogen peroxide in 0.2 M phosphate buffer and pH
5.8. The absorption of tetraguaiacol, as the product of the
reaction, was measured at 470 nm for calculating the per-
oxidase enzyme activity. The activity in each treatment was
reported as a percentage of maximum activity. The silver
nanoparticles stability is the main determining factor of
their influence, and controlling the accumulation and de-
position of nanoparticles in the aquatic environment plays
a basic role in this process. In order to control these events,
the buffer used for this study had a simple combination
and its components showed less interaction with the silver
nanoparticles. Besides, at the beginning, the nanoparticles
were diluted in double distilled water and all of the experi-
mental stages were done at 4°C and on a shaker. According
to Dynamic Light Scattering (DLS) reports, the nanoparti-
cles did not show notable changes in size (12, 19).

4. Results

In order to investigate the effects of nanoparticles on
enzyme, in this study the silver nanoparticles’ impact on
guaiacol peroxidase enzyme was studied. In the present
study, peroxidase activity was examined in the presence of
five different concentrations of AgNPs (0, 20, 40, 80 and
100 mg/L) and three different incubation times (2, 7 and 24
hours). The results showed that AgNPs are able to increase
the peroxidase enzyme activity (Figure 1). The peroxidase
activity responses to different concentrations and incuba-
tion times with AgNPs was determined by considering the
fact that there were clear differences between the obtained
results of the two AgNPs concentrations at different dura-
tions of time. Low concentrations (< 100 mg/L) and short
incubation time (two hours) had the maximum positive
effect on this enzyme activity. The most activity was seen
at the concentration of 40 mg/L and the incubation time
of two hours. The peroxidase enzyme showed activity re-
duction when incubation time was increased at the men-
tioned concentration. The 20 mg/L concentration signifi-
cantly increased peroxidase activity. The increase of incu-
bation time did not have a negative impact on the activity
level; the low interaction level of nanoparticles with the en-
zyme and lack of intense impact on the enzyme structure
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at this concentration can be one of the reasons for the lack
of activity reduction with the increase of treatment time.
The highest activity reduction was reported at the con-
centration of 100 mg/L silver nanoparticles and two hours
treatment time; at the primary hours of treatment, the en-
zyme activity is intensely under the influence of nanoparti-
cles yet the enzyme structure is partly restored by increas-
ing the incubation time in a way that most activity is seen
at the concentration of 100 mg/L after 24 hours of incuba-
tion.

The physical, chemical and biological characteristics
of silver nanoparticle were characterized. Particles smaller
than 20 nm exhibited absorption only below 430 nm, as
can be seen from the UV spectra in Figure 2A ; colloidal Ag-
NPs had the maximum absorbance (lmax) at 426 nm. DLS
analysis Figure 2B of synthesized AgNPs, demonstrates that
their size, volume mean diameter (VMD), and surface mean
diameter (SMD) were 18.34 nm (X99), 4.10 nm and 2.26 nm,
respectively. Based on the TEM images (Figure 2C), spheri-
cal AgNPs with relatively uniform in size distribution (Fig-
ure 2) (17).

5. Discussion

Peroxide production, change in environmental pH re-
action and increase of substrate: oxidation of AgNPs to the
silver ion is not accomplished with direct reduction of oxy-
gen to water, yet it is an oxidation-reduction (redox) reac-
tion that occurs along with peroxide production as an in-
termediate. The hydrogen peroxide is the easiest peroxide
that is produced during the release of silver ions. In solu-
tions containing silver ions as a control, no peroxide was
produced that suggest the fact that its production depends
on the release of silver ions from nanoparticles. This reac-
tion is shown in the Figure 3 (4-6, 15, 16).

The first reaction shows the silver nanoparticles inter-
action path with water molecules; this reaction is sponta-
neous and with released energy of -91.3 kJ/mol and at 298°K
(3, 20). In this reaction, in addition to the peroxide pro-
duction that is enumerated as the raw material of the re-
action at the second reaction, the path can cause reactive
environment pH increase by hydrogen consumption. The
proteins absorption has a high dependence on the reac-
tion’s environmental pH, in a way that at intense acidic and
basic environments, the proteins tendency lowers towards
nanoparticles and these acidity changes could have deep
impacts on the peroxidase enzyme construction (12, 19, 20).

In order to separate the peroxide that is produced in
reaction 1, and assessment of its impact on the products
produced in reaction 2, an experiment was conducted in
which the buffer had no hydrogen peroxide; this method

was then applied on each of the 15 treatments with the ob-
tained results presented in Figure 4. As observed from Fig-
ure 4A - C the produced hydrogen peroxide was not high
enough for significant effects on the amount of produced
tetraguaiacol, and there were no regular changes in the di-
agrams. The shown changes in Figure 2 can be attributed
to peroxidase activity changes.

Restoration of enzyme activity by increasing the incu-
bation time of each treatment could suggest that the per-
oxidase enzyme upon clashing with the silver nanoparti-
cles catches remarkable conformational changes for form-
ing nanoparticle-protein complexes. The peroxidase en-
zyme has a reflexive conformation status on the nanopar-
ticles and shows a fairly wide activity range; the highest
activity level was with the 40 mg/L treatment of the silver
nanoparticles and incubation time of two hours and the
lowest activity level occurred with 100 mg/L treatment of
silver nanoparticles and incubation time of two hours. The
lack of noticeable peroxide production in the reaction en-
vironment by AgNPs could indicate that the enzyme activ-
ity increase was due to changes in enzyme structure. How-
ever, the medium components such as PVA, citrate, and
tris-HCl can influence the chemical species of AgNPs, thus
indirectly affect enzyme activity. High reactivity of AgNPs
can have the most effect on oxidized guaiacol production.
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Figure 1. The Peroxidase Enzyme Activity With Different Treatments of Silver Nanoparticles
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A, The highest activity was measured with two hours of incubation time and 40 mg/L concentration of silver nanoparticles while the lowest one was with two hours of incu-
bation and 100 mg/L concentration; B, there was no significant difference in comparison with two hours of treatment; C, significant restoration of lost enzyme activity was
observed after 24 hours of incubation time and 100 mg/L silver nanoparticles concentration.
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Figure 2. A, UV absorbance spectra in the range of 280-500 nm; B, dynamic light scattering and size distribution at 632.8 nm; C, TEM image and (d-bottom) X-ray powder
diffraction patterns of aqueous colloidal AgNP; the Ag pattern from the JCPDS database is also shown for comparison (d-top).
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1) O2+H+                                                                           Ag+ +Peroxide Intermediates                                    Ag++ H2O 

2) Guaiacol + H2O2                                                              Tetraguaiacol + H2O

Ag0 Ag0

POD

Figure 3. Chemical Reaction

Figure 4. The Peroxidase Enzyme Activity in the Absence of Peroxide in the Reactive Buffer
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A, The lack of significant oxidized guaiacol production at the all concentrations of AgNPs (0, 20, 40, 80 and 100 mg per liter) and incubation time of two hours; B, no significant
oxidized guaiacol production at all concentrations of AgNPs (0, 20, 40, 80 and 100 mg per liter) and incubation time of sever hours; C, no significant oxidized guaiacol
production at all concentrations of AgNPs (0, 20, 40, 80 and 100 mg per liter) and incubation time of 24 hours.

Avicenna J Med Biochem. 2016; 4(1):e30943. 5



Mohammadzade S et al.

Acknowledgments

The authors acknowledge the staff of biotechnology
laboratory for their support.

References

1. Hayashi T, Hitomi Y, Ando T, Mizutani T, Hisaeda Y, Kitagawa S, et
al. Peroxidase activity of myoglobin is enhanced by chemical muta-
tion of heme-propionates. J Am Chem Soc. 1999;121(34):7747–50. doi:
10.1021/ja9841005.

2. Blanco RM, Terreros P, Fernandez-Perez M, Otero C, Diaz-
Gonzalez G. Functionalization of mesoporous silica for lipase
immobilization. J Mol Catal B Enzym. 2004;30(2):83–93. doi:
10.1016/j.molcatb.2004.03.012.

3. Kim JS, Kuk E, Yu KN, Kim JH, Park SJ, Lee HJ, et al. Antimicrobial
effects of silver nanoparticles. Nanomedicine. 2007;3(1):95–101. doi:
10.1016/j.nano.2006.12.001. [PubMed: 17379174].

4. Bertini I, Gray HB, Lippard SJ, Valentine JS. Dioxygen Reaction In
Bioinorganic Chemistry. University Science Books Press, CA; 1994. pp.
253–313.

5. Liu J, Hurt RH. Ion release kinetics and particle persistence in aque-
ous nano-silver colloids. Environ Sci Technol. 2010;44(6):2169–75. doi:
10.1021/es9035557. [PubMed: 20175529].

6. Brash JL. Protein adsorption at the solid-solution interface in relation
to blood-material interactions. ;. ; 1987.

7. Schmidt M, Masson A, Brechignac C. Oxygen and silver clus-
ters: transition from chemisorption to oxidation. Phys Rev Lett.
2003;91(24):243401. doi: 10.1103/PhysRevLett.91.243401. [PubMed:
14683117].

8. Matsui T, Ozaki S, Liong E, Phillips GN, Watanabe Y. Effects of the loca-
tion of distal histidine in the reaction of myoglobin with hydrogen
peroxide. J Biol Chem. 1999;274(5):2838–44. [PubMed: 9915818].

9. Mahmoudi M, Sant S, Wang B, Laurent S, Sen T. Superparamagnetic
iron oxide nanoparticles (SPIONs): development, surface modifica-
tion and applications in chemotherapy. Adv Drug Deliv Rev. 2011;63(1-
2):24–46. doi: 10.1016/j.addr.2010.05.006. [PubMed: 20685224].

10. Siegel BZ, Galston AW. The isoperoxidases of Pisum sativum. Plant
Physiol. 1967;42(2):221–6. [PubMed: 6040893].

11. Nel AE, Madler L, Velegol D, Xia T, Hoek EM, Somasundaran P, et al.
Understanding biophysicochemical interactions at the nano-bio in-
terface.NatMater. 2009;8(7):543–57. doi: 10.1038/nmat2442. [PubMed:
19525947].

12. Leroux JC, Allémann E, De Jaeghere F, Doelker E, Gurny R. Biodegrad-
able Nanoparticles - From Sustained Release Formulations to Im-
proved Site Specific Drug Delivery. J Control Release. 1996;39(2-3):339–
50. doi: 10.1016/0168-3659(95)00164-6.

13. Leroux JC, De Jaeghere F, Anner B, Doelker E, Gurny R. An investiga-
tion on the role of plasma and serum opsonins on the internaliza-
tion of biodegradable poly(D,L-lactic acid) nanoparticles by human
monocytes. Life Sci. 1995;57(7):695–703. [PubMed: 7637541].

14. Kato S, Ueno T, Fukuzumi S, Watanabe Y. Catalase reaction by
myoglobin mutants and native catalase: mechanistic investigation
by kinetic isotope effect. J Biol Chem. 2004;279(50):52376–81. doi:
10.1074/jbc.M403532200. [PubMed: 15347658].

15. Wan L, Twitchett MB, Eltis LD, Mauk AG, Smith M. In vitro evolution of
horse heart myoglobin to increase peroxidase activity. Proc Natl Acad
Sci U S A. 1998;95(22):12825–31. [PubMed: 9788999].

16. Juliano RL. Factors affecting the clearance kinetics and tissue distribu-
tion of liposomes, microspheres and emulsions. Advanced Drug Deliv-
ery Reviews. 1988;2(1):31–54. doi: 10.1016/0169-409x(88)90004-x.

17. Mirzajani F, Ghassempour A, Aliahmadi A, Esmaeili MA. Antibacte-
rial effect of silver nanoparticles on Staphylococcus aureus. Res Mi-
crobiol. 2011;162(5):542–9. doi: 10.1016/j.resmic.2011.04.009. [PubMed:
21530652].

18. Lepedus H, Cesar V, Krsnik-Rasol M. Guaiacol peroxidases in carrot
(Daucus carota L.) root. Food Technol Biotechnol. 2004;42(1):33–6.

19. Feller U, Anders I, Demirevska K. Degradation of rubisco and other
chloroplast proteins under abiotic stress. Gen Appl Plant Physiol.
2008;34(1-2):5–18.

20. Wigginton NS, de Titta A, Piccapietra F, Dobias J, Nesatyy VJ, Suter MJ,
et al. Binding of silver nanoparticles to bacterial proteins depends on
surface modifications and inhibits enzymatic activity.EnvironSci Tech-
nol. 2010;44(6):2163–8. doi: 10.1021/es903187s. [PubMed: 20158230].

6 Avicenna J Med Biochem. 2016; 4(1):e30943.

http://dx.doi.org/10.1021/ja9841005
http://dx.doi.org/10.1016/j.molcatb.2004.03.012
http://dx.doi.org/10.1016/j.nano.2006.12.001
http://www.ncbi.nlm.nih.gov/pubmed/17379174
http://dx.doi.org/10.1021/es9035557
http://www.ncbi.nlm.nih.gov/pubmed/20175529
http://dx.doi.org/10.1103/PhysRevLett.91.243401
http://www.ncbi.nlm.nih.gov/pubmed/14683117
http://www.ncbi.nlm.nih.gov/pubmed/9915818
http://dx.doi.org/10.1016/j.addr.2010.05.006
http://www.ncbi.nlm.nih.gov/pubmed/20685224
http://www.ncbi.nlm.nih.gov/pubmed/6040893
http://dx.doi.org/10.1038/nmat2442
http://www.ncbi.nlm.nih.gov/pubmed/19525947
http://dx.doi.org/10.1016/0168-3659(95)00164-6
http://www.ncbi.nlm.nih.gov/pubmed/7637541
http://dx.doi.org/10.1074/jbc.M403532200
http://www.ncbi.nlm.nih.gov/pubmed/15347658
http://www.ncbi.nlm.nih.gov/pubmed/9788999
http://dx.doi.org/10.1016/0169-409x(88)90004-x
http://dx.doi.org/10.1016/j.resmic.2011.04.009
http://www.ncbi.nlm.nih.gov/pubmed/21530652
http://dx.doi.org/10.1021/es903187s
http://www.ncbi.nlm.nih.gov/pubmed/20158230

	Abstract
	1. Background
	2. Objectives
	3. Materials and Methods
	4. Results
	Figure 1
	Figure 2

	5. Discussion
	Figure 3
	Figure 4

	Acknowledgments
	References

