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Abstract Selenium nanoparticles (SeNPs) are con-

sidered to be the new selenium supplement forms with

high biological activity and low toxicity; however, the

molecular mechanism by which SeNPs exert the

biological function is unclear. Here, we reported that

biocompatibility SeNPs possessed intrinsic oxidase-

like activity. Using Na2SeO3 as a precursor and

glutathione as a reductant, biocompatibility SeNPs

were synthesized by the wet chemical reduction

method in the presence of bovine serum albumin

(BSA). The results of structure characterization

revealed that synthesized SeNPs were amorphous

red elementary selenium with spherical morphology,

and ranged in size from 25 to 70 nm size with a narrow

distribution (41.4 ± 6.7 nm). The oxidase-like activ-

ity of the as-synthesized SeNPs was tested with

3,30,5,50-tetramethylbenzidine (TMB) as a substrate.

The results indicated that SeNPs could catalyze the

oxidization of TMB by dissolved oxygen. These

SeNPs showed an optimum catalytic activity at pH 4

and 30 �C, and the oxidase-like activity was higher as
the concentration of SeNPs increased and the size of

SeNPs decreased. The Michaelis constant (Km) values

and maximal reaction velocity (Vmax) of the SeNPs for

TMB oxidation were 0.0083 mol/L and 3.042 lmol/L

min, respectively.
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Introduction

The research on nanozyme which is a novel enzyme

mimic based on nanomaterial is becoming a rapidly

emerging field, since ferromagnetic nanoparticles with

intrinsic peroxidase-like activity were first reported in

2007 (Gao et al. 2007; Wei and Wang 2013). Various

nanostructures have been reported to be enzyme-like

properties. These materials include peroxidase-like

activity of FeSe, CuO nanoparticles, V2O5 nanowires,

graphene oxide, and metal nanostructures; oxidase-

like activity of CeO2, CoFe2O4, Co3O4 nanoparticles;

peroxidase-like or oxidase-like activity of Au, Pt, and

alloy nanoparticle (Dutta et al. 2012; Feng et al. 2015;

Hayat et al. 2015; Lin et al. 2014; Shen et al. 2015;

Zhang et al. 2013). As compared with nature enzyme,

these nanostructures mimic enzyme with advantages

of high stability against denaturing, excellent catalytic

performance, together with easy synthesis and store in

low cost. Thus, these mimic enzymes can supersede

the nature enzyme using in many fields such as

biosensor, colorimetric detection, immunoassays,
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cancer diagnostics and therapy, and pollutant

degradation.

The biological application of nanozyme has

attracted a lot of attention in recent researches. For

example, An et al. found that Fe3O4@carbon hybrid

nanoparticles enhanced the ascorbic acid-induced

oxidative stress and selective damage to PC-3 prostate

cancer cells owing to the peroxidase mimic to create

highly toxic �OH radicals (An et al. 2013). Xu et al.

reported a drug delivery using CeO2 nanoparticles

capped mesoporous silica nanoparticles (MSN)-deco-

rated ferrocene. The intrinsic oxidase-like activity of

CeO2 could oxidize ferrocenyl moieties, which trig-

gered the uncapping of the CeO2 and caused the drug

release (Xu et al. 2013). Gao et al. constructed peptide-

AuNPs with the intrinsic peroxidase-like activity as

novel nanoprobes for early cancer diagnosis and

efficient treatment (Gao et al. 2015). Asati et al.

expounded a new method for sensitive fluorigenic

detection of cancer biomarkers at neutral pH based on

the oxidase-like activity of CeO2 nanoparticles (Asati

et al. 2011). However, though many nanostructures

mimic enzyme can replace the nature enzyme using in

biological fields, there were little attention on the

biocompatibility and toxicity of these inorganic

materials. Therefore, modifying these nanozymes

and discovering new nanozymes with better biocom-

patibility may broaden the applications of the

nanozymes in biological filed.

Selenium (Se) is an essential trace element of

fundamental importance to human health. Severe

selenium deficiency can have adverse consequences

for susceptibility to multiple diseases, including

cardiovascular disease, cancer, HIV infection, Keshan

disease, and Kashin-Beck disease, while selenium

supplementation can protect against these diseases in

humans. The biologic function of selenium is primar-

ily implemented through its incorporation into seleno-

proteins containing selenocysteine, the 21st

genetically encoded protein amino acid. Selenium,

as well as many selenoproteins, such as glutathione

peroxidase (the most abundant selenoprotein), thiore-

doxin reductases, is involved in antioxidant defense

and the regulation of cellular redox signaling (Hatfield

et al. 2014). However, the narrow margin between the

nutrient and toxicity dosage of Se tremendously

inhibits its application. Studies showed that the

efficient dose (200 lg/day) of Se as the anticancer

agent was close to or even above the toxicity range,

which could cause damage to normal tissues and cells.

Traditional Se compounds as inorganic and organic

selenium forms containing selenite, selenomethionine

(SeMet), etc., are inefficient due to their low activity

and inadequate toxicity (Abdulah et al. 2005). As the

forms and dose are significance for the biological

function of Se, searching for novel Se species that are

more effective and less toxic is an effective way to

expand the application of Se. In the recent years,

selenium nanoparticles (SeNPs), the red zero valent

selenium, have garnered a great deal of attention as

potential chemopreventive agent (Feng et al. 2014;

Peng et al. 2007; Wang et al. 2014, 2015; Zheng et al.

2015), due to their excellent biological activities and

low toxicity. Abundant evidence actually supports the

better biocompatibility and bioefficacy of SeNPs when

comparing to traditional inorganic and organic Se

forms (Benko et al. 2012; Forootanfar et al. 2014; Gao

et al. 2014; Huang et al. 2003; Wang et al. 2007). For

example, Wang et al. revealed that SeNPs could

equally increase the activities of glutathione peroxi-

dase and thioredoxin reductase but have much lower

toxicity compared with selenomethionine(Wang et al.

2007). Benko et al. showed that the toxicity of

Se species decreased in the following order: sele-

nate[ selenite[ SeNPs (Benko et al. 2012). Huang

et al. reported that SeNPs exhibited better scavenging

effects of free radicals than other Se sources, and also

showed protective effects against the oxidation of

DNA with low toxicity and acceptable bioavailability

(Huang et al. 2003). Furthermore, SeNPs were found

to be mainly concentrated in cancer cells, and such a

favorable selective distribution resulted in strong

proliferation suppression on cancer cells without

perceived host toxicity (Wang et al. 2014). Although

SeNPs has been considered as high biological activity

and low toxicity, there were lack of the molecular

explanation involved in their unique biological func-

tion, especially from the point of enzyme mimic even

Se atoms were the active sites of selenoenzymes.

In this work, biocompatibility SeNPs were prepared

and characterized by transmission electronmicroscopy

(TEM), X-ray powder diffraction (XRD), dynamic

light scattering (DLS), X-ray photoelectron spec-

troscopy (XPS), UV–Vis absorption, and infrared

spectrum (IR). Then oxidase-like activity of the as-

synthesized SeNPs was studied with the oxidization of

3,30,5,50-tetramethylbenzidine (TMB) by dissolved

oxygen. We found for the first time that SeNPs had
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intrinsic oxidase-like activity, which provided a new

molecular explanation for the biological function of

SeNPs observed in cell and animal experiment.

Furthermore, the oxidase-like activity of SeNPs may

also broaden its applications in biosensor, biochem-

istry detection, and other biological fields.

Experimental section

Materials

All chemicals were of analytical grade and used

without further purification. Ethanol, acetic acid,

sodium hydroxide (NaOH), glutathione (GSH), and

sodium selenite (Na2SeO3) were purchased from

Sinopharm Chemical Reagent Co., Ltd (Shanghai,

China). Bovine serum albumin (BSA) was purchased

from Biosharp (Hefei, China) and TMB was pur-

chased from Aladdin (Shanghai, China). Double-

distilled water was used throughout the whole

experiment.

Preparation of the SeNPs

Colloidal SeNPs were prepared by a modified process

according to the literature (Li et al. 2008). First, 5 mL

of 10 mmol/L Na2SeO3 was mixed with 400 mg BSA

under vigorous stirring, and 20 mL of 10 mmol/L

GSH was added into the mixture. The color of the

mixture turned into orange-red after 130 lL of 1 mol/

L NaOH was rapidly injected, which indicated that the

SeNPs were formed. Then, the colloidal was dialyzed

using dialysis bag (MW cutoff 3500) against double-

distilled water for 48 h with the water changing every

24 h to separate the oxidized glutathione (GSSG).

Finally, the obtained solution was then centrifuged to

abandon the suspension, while the red precipitate was

dispersed into distilled water and stored at 4 �C.
SeNPs with different sizes can be synthesized by

adding different amounts of BSA into the redox

system.

Characterization of the SeNPs

The as-obtained SeNPs were characterized by TEM,

XRD, DLS, XPS, IR, and UV–Vis absorption. TEM

sample was prepared by placing a drop of the colloidal

dispersion onto a copper grid coated with a perforated

carbon film, followed by evaporating the solvent at

room temperature. Then, the TEM graphs were

obtained on a Tecnai (G2 20, FEI Co., Netherlands)

at an acceleration voltage of 200 kV. The average

particle size and the distribution were determined from

about 200 particles of the enlarged micrographs. The

mean hydrodynamic diameter of SeNPs in aqueous

solution was obtained using a DLS instrument (LB-

550, Horiba, Ltd. Japan). XRD patterns were recorded

on an X-ray diffractometer (X’Pert PRO, PANalytical

B.V., Netherlands) using Cu Ka radiation with 40 kV

and 55 mA in the 2h range 10�–90�. The XPS sample

was prepared by spreading the colloidal ethanol

dispersion on a glass plate and dried under room

temperature, and the XPS pattern was operated on an

Axis-ultra Dld-600 W (Kratos, Japan) photoelectron

spectrometer. IR spectra of the samples were recorded

on IR spectrometer (Equinox 55, Bruker Optics,

Germany) in the range of 4000–500 cm-1 using the

KBr-disk method. UV–Vis absorption spectra were

collected on a UV–Vis spectrophotometer (Shimadzu

UV-2550) in the wavelength range of 190–900 nm.

Oxidase-like activity of SeNPs and kinetic studies

To investigate the oxidase-like activity of the as-

synthesized SeNPs, the catalytic oxidation of the

peroxidase substrate TMB in the absence of H2O2 was

tested. In a typical experiment, 100 lL of SeNPs (60

lg/mL) dispersion was added to 3.7 mL of NaAc

buffer solution (0.2 mol/L, pH 4.0) containing TMB

with a series concentration at 30 �C. As the reaction

proceeded during an hour, the blue color product of

oxTMB was monitored in time scan mode at 652 nm

using a Shimadzu UV-2450 spectrophotometer at an

interval of 10 min (Gao et al. 2007). The apparent

kinetic parameters were calculated based on the

Michaelis–Menten equation V = Vmax * [S]/

(Km ? [S]), where V is the initial velocity, Vmax is

the maximal reaction velocity, [S] is the concentration

of substrate, and Km is the Michaelis constant. To

explore the optimal conditions of the oxidation of

TMB with SeNPs, a range of temperatures (20–60 �C)
and a range of pH values (3–5) for the reaction were

measured under the same concentration mentioned

above. To investigate the effect of the SeNPs concen-

tration, catalytic reactions were performed in working

solutions (pH 4.0 NaAc buffer, temperature 30 �C,
833 lmol/L TMB) with different concentrations of
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SeNPs. To investigate the effect of SeNPs with

different sizes, catalytic reactions were performed in

working solutions (pH 4.0 NaAc buffer, temperature

30 �C, 833lmol/L TMB) using SeNPs with mean

diameters of 38.7 nm and 55.8 nm, respectively.

Results and discussion

Characterization of the SeNPs

The morphology and size distribution of the SeNPs

were characterized by TEM and DLS. As shown in

Fig. 1a, the morphology of the most SeNPs was

spherical-like with average size of about 38.7 nm.

DLS measurement showed that SeNPs had a diameter

in the range of 25–70 nm with the mean size of

41.4 nm, and the cumulative distribution under 50 nm

reached to 94.9 %, which showed the formation of

SeNPs with the nearly narrow size distribution

(SD = 6.7 nm). TEM and DLS measurements

revealed the consistent data of the average size and

size distribution of the SeNPs.

There are two kind forms of element Se, Trigonal

selenium (t-Se) with the gray color was known as

excellent photoelectric, catalytic, and semiconducting

materials; the other is amorphous (a-Se) seleniumwith

red color (Kumar et al. 2014). Since the red SeNPs was

found in the metabolites of the microorganism, the

amorphous selenium, especially nano-selenium had

attracted a lot attention due to their low toxicity and

high utilization in the organism compared with the

conventional selenium (Hunter and Manter 2009).

Figure 1c shows a typical XRD pattern of the SeNPs.

There were no sharp Bragg reflections except for a

broad peak at the 2h angles of 20�–30�, indicating that
the as-synthesized product was amorphous Se. The

XPS result of the sample revealed that the 3d orbit

binding energy of SeNPs was about 55.3 eV (Fig. 1d),

and these data were consistent with the standard value

of element Se, which confirmed the as-prepared

SeNPs was composed of element Se.

The UV–Vis absorption spectrum of SeNPs is

displayed in Fig. 2a. UV–Vis absorption spectrum did

not show any clear maximum in the wavelength region

studied, and absorbance increases toward higher

energy due to formation and surface plasmon vibration

of SeNPs (Vekariya et al. 2012; Yu et al. 2015). The

UV–Vis absorption spectrum of SeNPs was in accord

with the orange-red color of SeNPs colloid (the inset

Fig. 1 a TEM image of the

SeNPs; b Particle size

distribution of SeNPs with

DLS measurement; c XRD
pattern of the SeNPs; d XPS

spectrum of the SeNPs
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of Fig. 2a). The stability of the nanoparticles is a major

factor affecting its application. In order to further

verify the role of BSA in the stability of the

nanoparticles, IR spectra of pure BSA and BSA-Se

nanoparticles are compared in Fig. 2b. In pure BSA,

the characteristic vibrations of the –OH stretch, N–H

stretch, and the C=O stretch in amide I were found to

occur at 3381, 2927, and 1661 cm-1, respectively.

The IR spectra of the BSA-Se nanoparticles revealed

the obvious shift of the –OH stretch, N–H stretch, and

C=O stretch in amide I of the BSA, which indicated a

change of the secondary structure of the BSA with

SeNPs. This result confirmed that the SeNPs were

stabilized by BSA through the strong interaction

between the –OH, N–H and amide I with element Se.

The oxidase-like activity of the SeNPs

It was found that the substrate TMB of the peroxidase

can produce a blue color slowly under the NaAc buffer

in the absence of H2O2, which inspired us to explore

whether this reaction can be accelerated by SeNPs. As

shown in Fig. 3a, SeNPs could catalyze the oxidation

of TMB in NaAc buffer and produce the typical color

reaction during 60 min. To the contrast, the TMB-

NaAc solution without SeNPs maintains colorless.

Similar to other nanomaterials of enzyme mimic

reactions, the maximum absorbance peak of the

oxidation products of TMB (oxTMB) is located at

652 nm (Gao et al. 2007). As shown in Fig. 3b, the

absorbance of the oxTMB at 652 nm was gradually

increased in the presence of SeNPs (60 lg/mL) as

reaction time extended, while the absorbance of the

reaction system without SeNPs nearly unchanged.

Figure 3c shows the UV–Vis absorption spectrum of

the TMB solutions. The absorbance of TMB solutions

had no absorbance peak at 652 nm before reaction.

After oxidation for 60 min by dissolved oxygen

without SeNPs catalyst, the TMB solutions (0.2 M

NaAc, pH 4.0) at 652 nm showed a weak absorption

peak, indicating the minor oxidation of TMB under

this condition. The absorbance of the oxidized product

of TMB at 652 nm was significantly increased in the

presence of SeNPs, suggesting the obvious oxidation

of TMB. These results revealed that the as-synthesized

SeNPs exhibited intrinsic oxidase-like activity to the

certain degree. As a commonly used peroxidase

substrate, TMB is colorless and can be oxidized

slowly by H2O2 or dissolved oxygen. The reaction

mechanism may be the electron transfer from the

substrate TMB to the H2O2 or dissolved oxygen, and

the oxidation of TMB can be accelerated in the

presence of the enzyme or catalyst. Figure 3d shows

the UV–Vis absorption spectra of SeNPs before and

after catalyzing the oxidation of TMB. No absorption

peak at the long wavelength demonstrated the size,

and morphology of SeNPs had no obvious changes

after catalyzing the oxidation of TMB. Furthermore,

no obvious change was observed in the UV–Vis

absorption spectra of SeNPs before and after the

reaction, confirming that the SeNPs worked as catalyst

in the oxidation of TMB. Here, SeNPs used as mimic

enzyme may accelerate the electrons transfer between

the substrate TMB and dissolved oxygen.

Next, we studied the effects of pH, temperature,

SeNPs concentration, and size on catalytic activity of

the SeNPs.

Like natural enzyme, the activity of SeNPs was also

dependent on pH and temperature. The curve and

photograph of the oxidase-like activity of SeNPs under

different pH are shown in Fig. 4a, from which can be

seen that the optimum pH was 4.0. Figure 4b shows

Fig. 2 a UV–Vis

absorption spectrum of

SeNPs. Inset showing

photograph of the

as-synthesized SeNPs

colloid; b IR spectrum of the

pure BSA and BSA-Se

nanoparticles
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the UV–Vis absorption spectrum of SeNPs after

catalyzing the oxidation of TMB under different pH.

The absorption spectrum of SeNPs in NaAc solution

with different pH displayed no significant difference,

which revealed that the pH did not affect the size and

morphology of SeNPs. The pH-dependent activity of

SeNPs may be attributed to the interaction between

catalyst and substrate under different pH (Yang et al.

2013; Zhang et al. 2008). Temperature not only can

alter the reaction speed, but also can affect the stability

of the nanoparticles. Figure 4c shows the oxidase-like

activity of SeNPs in the range of 20–60 �C. SeNPs
exhibited high activity at the range of 25–35 �C and

the optimum temperature was 30 �C. As the temper-

ature was above 35 �C, the activity of the SeNPs

decreased sharply. In order to reveal the relation

between the structure of SeNPs and its temperature-

dependent activity, the UV–Vis absorption spectrum

of SeNPs after catalyzing the oxidation of TMB under

different temperatures is shown in Fig. 4d. SeNPs

displayed the similar absorption spectrum in the range

of 20–35 �C, indicating that SeNPs maintained stabil-

ity at low temperature. However, a remarkable

absorption peak at *540 nm was observed in the

absorption spectrum of SeNPs as the temperature was

above 35 �C. As previously reported, the peaks above
530 nm can be solely attributed to interchain interac-

tions perpendicular to the c axis within a given t-Se

crystal (Prabhu et al. 2013). The absorption spectrum

exhibited a large red shift, which might be associated

with the increased size and crystallization behaviors of

SeNPs as the temperature was above 35 �C. Therefore,
temperature affects the structure of SeNPs and its

activity.

Previous works indicated that different sizes of

SeNPs could be synthesized by changing the BSA

concentration in the redox system. Generally, higher

BSA concentration leads to smaller SeNPS size

(Zhang et al. 2004). Here, SeNPs with mean diameters

of 38.7 nm and 55.8 nm were obtained by adding 400

and 25 mg BSA into the redox system, respectively.

As shown in Fig. 4f, the UV–Vis absorption spectrum

of SeNPs was size-dependent. A remarkable absorp-

tion peak at 275 nm was observed in the absorption

spectrum of SeNPs with larger diameter (55.8 nm),

which was consistent with previous study (Yu et al.

Fig. 3 a The color

evolution of TMB oxidation

in different reaction

systems. 1 TMB ? NaAc, 2

TMB ? NaAc ? SeNPs;

b The absorbance of the

oxidation products of TMB

at 652 nm in the absence and

presence of SeNPs

(60 lg/mL); Experiment

were carried out in a volume

of 4 mL, 0.2 MNaAc buffer

(pH 4.0), with 833 lmol/L

TMB as substrate, reaction

temperature 30 �C; c The
UV–Vis absorption

spectrum of TMB and the

oxidation products of TMB

with and without SeNPs;

d The UV–Vis absorption

spectrum of SeNPs before

and after catalyzing the

oxidation of TMB. (Color

figure online)
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2015). The catalytic activities of the two sizes SeNPs

are shown in Fig. 4e; SeNPs with small size showed a

higher catalytic activity compared to the large size

SeNPs. Nanoparticles with small size can lead to large

surface area which is important in the catalytic

reaction. Here, small size SeNPs with well distribution

Fig. 4 a Effect of pH on the

oxidase-like activity of

SeNPs. TMB concentration:

833 lmol/L, SeNPs

concentration: 60 lg/mL,

reaction temperature 30 �C;
b The UV–Vis absorption

spectrum of SeNPs after

catalyzing the oxidation of

TMB under different pH;

c Effect of temperature on

the oxidase-like activity of

SeNPs. TMB concentration:

833 uM, SeNPs

concentration: 60 lg/mL,

pH 4.0 NaAc buffer; d The

UV–Vis absorption

spectrum of SeNPs after

catalyzing the oxidation of

TMB under different

temperatures; e Size
dependence of the oxidase-

like activity of SeNPs. TMB

concentration: 833 lmol/L,

SeNPs concentration: 60 lg/
mL, pH 4.0 NaAc buffer,

reaction temperature 30 �C;
f The UV–Vis absorption
spectrum of SeNPs with

different sizes; g Effect of

SeNPs concentration on its

catalytic activity. TMB

concentration: 833 lmol/L,

pH 4.0, temperature 30 �C
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can provide enough surface area for the substrate and

result in high catalytic activity.

Figure 4g shows the relationship between SeNPs

concentration and its catalytic activity. It was found

that the catalytic activity of SeNPs enhanced with the

increase of SeNPs concentration. As SeNPs concen-

tration remains in a relative low range (6–30 lg/mL),

the relationship between the SeNPs concentration

catalyst and catalytic activity is nearly linear. When

SeNPs concentration increases to over 30 lg/mL and

up to 60 lg/mL, the relationship between the SeNPs

concentration and catalytic activity becomes sublinear

and increasing slowly. When SeNPs concentration

was relative low, which means the substrate was

excess, the reaction speed depends on the concentra-

tion of SeNPs catalyst. As SeNPs concentration

increases to a exceed range, the reaction speed

depends not only on the concentration of SeNPs

catalyst, but also on the substrate concentration. This

causes the relationship between SeNPs concentration

and catalytic activity to become sublinear.

Since SeNPs exhibited oxidase-like activity, the

apparent steady-state kinetic parameters of TMB were

obtained by varying TMB concentration. As shown in

Fig. 5a, a typical Michaelis–Menten curve was

obtained with TMB by recording the absorbance

change at 652 nm for 60 min at an interval of 10 min.

The Michaelis–Menten constant (Km) and maximum

initial velocity (Vmax) were obtained using a Line-

weaver–Burk plot. The values of Km and Vmax for the

SeNPs with TMBwere 0.0083 mol/L and 3.042 lmol/

L min, respectively. Km is an important parameter for

measuring binding affinity of the enzyme to the

substrates and affects the value of the reaction rate. A

low Km means the strong affinity of the enzyme to the

substrates. As compared with other nanozyme, such as

Fe3O4 nanoparticles, Pt nanoparticles, gold nanopar-

ticles, and CuO nanoparticles, the Km for the SeNPs

with TMB was higher; meanwhile, the Vmax for the

SeNPs with TMB was lower (An et al. 2013; Shen

et al. 2015; Tao et al. 2015). However, Se is an

essential trace element of fundamental importance to

human health, thus SeNPs have unique biocompati-

bility as compared with other nanozyme. The intrinsic

oxidase-like activity of SeNPs provides a new molec-

ular explanation for the biological function of SeNPs

observed in cell and animal experiments. Furthermore,

the intrinsic oxidase-like activity of SeNPs may

expand the application area of element Se in biosen-

sors, biochemistry detection, nanomedicine fields, and

so on.

Conclusion

In conclusion, biocompatibility amorphous SeNPs

with spherical morphology and a mean diameter of

38.7 nm were synthesized by the wet chemical

reduction method using GSH as a reductant and

BSA as a protective agent. The as-synthesized SeNPs

can act as mimic oxidase and catalyze the oxidation

reaction of substrate TMB producing a blue color

product oxTMB. The influencing factors of the

catalytic reaction were studied and the data showed

that the optimal pH and temperature are approximately

pH 4 and 30 �C, respectively. The size and

Fig. 5 a The time-dependent absorbance changes at 652 nm of various concentrations of TMB. SeNPs (38.7 nm) concentration:

60 lg/mL, pH 4.0 NaAc buffer, reaction temperature 30 �C; b The steady-state kinetic assay of SeNPs with TMB
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concentration of the SeNPs also can affect their

oxidase-like activity. The Km and Vmax of the SeNPs

for TMB oxidation were 0.0083 mol/L and 3.042

lmol/L min, respectively. Although, the oxidase-like

activity of SeNPs was lower than other nanostructures

mimic enzyme as Fe3O4 nanoparticles, Pt nanoparti-

cles, CuO nanoparticles etc., SeNPs with excellent

biocompatibility which act as mimic enzyme were still

of great significance. The oxidase-like activity of

SeNPs may not only offer a new explanation for the

high biological activity and low toxicity of SeNPs

observed in cell and animal, but also can broaden the

potential applications of selenium in biosensors,

biochemistry detection, nanomedicine fields, and so

on.
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