Novel Vanadium-substituted Tungstosulfate Polyoxometalates
(POMs) as Peroxidase Mimetics and Their Potential Application
in Biosensing

Ayad Saeeda, Dr. Muhammad Umere*, Naoya Yamasakib,c,d, Shinya Azumab,c,d, Prof.
Tadaharu Uedab,c,d, Dr. Muhammad J. A. Shiddikya,e*

a

School of Environment and Science (ESC) and Queensland Micro- and Nanotechnology
Centre (QMNC), Griffith University, Nathan Campus, QLD 4111, Australia.
E-mails: m.shiddiky@griffith.edu.au (MJAS); m.umer@griffith.edu.au (MU)

b
c

Faculty of Agriculture and Marine Science, Kochi University, Nankoku, 783-8502, Japan

Graduate School of Integrated Arts and Sciences Kochi University, Kochi, 780-8502, Japan
d

Center for Advanced Marine Core Research, Kochi University, Nankoku 783-8520, Japan
e

Queensland Micro and nanotechnology Centre, Griffith University, Nathan Campus,
Australia

1

Abstract
This article reports on the peroxidase-like catalytic activity of polyoxometalates (POMs) and
their potential use as natural peroxidases for developing a simple and efficient colorimetric
glucose sensor. Two Keggin-type vanadium-substituted tungstosulfates, [SVW11O40]3(SVW11) and [SV2W10O40]4- (SV2W10) were tested for their potential as natural enzyme
mimetics and exhibited strong peroxidase-like catalytic activity. The catalysis reaction was
found to be in accordance with Michaelis−Menten and Lineweaver−Burk kinetics models.
Michaelis−Menten constant (Km) and maximum velocity (Vmax) parameters were calculated to
be 0.0759 mM and 0.329 × 10-8 Ms-1 for SVW11, and 0.0543 mM and 2.67 × 10-8 Ms-1 for
SV2W10 respectively, indicating a high catalytic activity and a strong affinity of POMs
towards the TMB. In the case of H2O2, these values were found to be 57.1 mM and 0.325 ×
10-8 mMs-1 for SVW11, and 47.7mM and 2.72 × 10-8 mMs-1 for SV2W10. The peroxidase-like
catalytic activity of these POMs was used to develop colorimetric glucose sensors as a proofof-concept model for POMs based naked-eye detection of biomolecule. The limit of detcetion
(LOD) of glucose for SVW11 and SV2W10 was 1.14 μM and 1.24 μM respectively. Our
findings propose broad ranging potential applications of these novel POMs in biosensing and
bioanalytical chemistry.

Keywords: Polyoxometalates, peroxidase-like activity, kinetic parameters, colorimetric,
biosensing
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1. Introduction
In recent years, biosensors have found expansive applications ranging from disease
diagnostics to environmental monitoring, and food safety to detection of chemical and
biological warfare agents.[1] Introduction of nanostructured materials had a phenomenal
impact on the biosensing field as they brought unparalleled diversity and improved analytical
performances (i.e., better sensitivity, specificity, board dynamic range, reproducibility,
stability, etc.).[2-4] Simple nanostructured materials (e.g., metal nanoparticles) that exhibit
enzyme-mimic catalytic activity are referred to as nanozymes. These inorganic catalysts can
easily convert a colourless enzyme substrate [e.g., 3,3,5,5-tetramethylbenzidine (TMB), 2,2'azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS), 3,3'-diaminobenzidine (DAB), and
o-phenylenediamine dihydrochloride (OPD)] to a coloured product while following the
principles of natural enzyme (i.e., peroxidase) kinetics.[5-7] These so-called peroxidase-like
activity of nanostructured materials provide several advantages over natural enzymes, and has
widely been employed in developing biomolecule detection platforms. While natural
enzymes require strict physiological conditions for optimal performance and involve high
costs of synthesis and purification, nanozymes on the other hand are low-cost, highly stable,
multifunctional and tuneable[8]. By carefully controlling their geometries, selectivity, catalytic
performance, and surface biofunctionalization capabilities of nanozymes can be optimally
manoeuvred to suit desired applications. Such features have prompted wide ranging research
efforts to explore the application of nanozymes in areas as diverse as industrial production
and pollutant removal as well as disease therapies and biosensing.

[9-11]

Previous research

works have found that various metallic nanoparticles (e.g., gold, platinum, palladium, etc),
metal oxides and hydroxides (e.g., Fe3O4, MnO2, Cu(OH)2, etc), and other nanomaterials
such as graphene oxide nanosheets, polypyrrole, etc., possess intrinsic enzyme mimicking
properties. [8]
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Polyoxometalates (POMs) are nanometre-sized anionic polynuclear metal oxide
cluster compounds formed by various combinations of oxygen and early transition metals at
their higher oxidation states (electronic configuration d0 or d1). [12] Metal and oxygen atoms in
POMs are pseudo-octahedrally coordinated in MO6 format where metal (M) = V, Nb, Mo, or
W. Terminal oxygen atoms in MO6 octahedra have unshared electrons with which these socalled addenda atom metals can form double bonds via pπ-dπ interactions. [12,13] POMs are
known to exhibit excellent redox behaviour as they can act both as soft Lewis bases as well
as Lewis acids. Oxygen atoms in POM molecules act as electron donors while metal atoms
can accept electrons due to their unoccupied orbitals. POMs have found wide ranging
applications in the area of catalysis. [12,14] Additionally, the POMs can be systematically tuned
at atomic levels[15]: Removal of one, two or three metal octahedrons from the parent POMs,
[XM12O40]n- (X=S, P, As, Si, Ge; M=W, Mo) by sophisticated pH control results in the
formation of mono-, di- or tri-lacunary POMs[16]. POM catalysts have many advantages, such
as high efficacy, stability and designability, making them promising candidates for industrial
catalysts. Discrete POMs are much smaller molecules compared to most of the
micro/nanostructre based nanozymes. This small size may help in achieving faster detection
(faster reaction kinetics) and a higher sensitivity (high surface area). [17] The reactions with
POM catalysts can be extended to a wider scope due to the variety of metals that can be
introduced to POMs. POMs have potentially useful properties for several applications, such
as nanoelectronics, nanocomposite and artificial enzymes in biomolecular sensing. [18-22]
In recent years, nanozymes activity of POMs (i.e., ability to convert a colourless
enzyme-substrate (e.g., TMB) to a coloured product while following the principles of natural
peroxidases (e.g., horseradish peroxidase) kinetics) have been used in the development of
POMs based colorimetric (e.g., naked eye) sensors for the detection of biomolecules. [17,23]
Among various classes of POMs, it has been reported that Keggin-structured POMs exhibit
4

highest nanozyme

activity compared to Wells-Dawson and lacunary type POMs.[14]

However, so far only a handful of research articles have explored the peroxidase mimicking
activities of [H4SiW12O40],[17] [PCoW11O39],[23] and POM-Calix hybrid.[24]
In this research work, peroxidase-like activity of two Keggin-type POMs, [(nC4H9)4N]3SVW11O40 (SVW11) and [(n-C4H9)4N]2SV2W10O40 (SV2W10) were tested towards
the catalytic oxidation of peroxidase substrate TMB in the presence of H2O2. Both SVW11
and SV2W10 were found to possess peroxidase-like activities. This property was further used
to develop a simple colorimetric (naked-eye) and electrochemical assay for the detection of
glucose. Generally, glucose oxidase catalyses the oxidation of D(+)-glucose and produce
H2O2 in the solution. The in-situ produced H2O2 can be used in a peroxidase- or nanozymecatalysed TMB oxidation reaction to generate blue coloured TMBox product (i.e., naked-eye
observation and subsequent ultra-violet visible spectroscopic quantification). [8,11] We used
this reaction as a model system to demonstrate the potential application of these novel
peroxidase mimicking POMs for naked-eye evaluation and colorimetric quantification of
biomolecules (e.g., glucose).

2.Experimental Section:
2.1 Materials
The 3,3′,5,5′‐tetramethylbenzidine (TMB) ≥98.0% was purchased from SigmaAldrich (Australia), dimethyl sulfoxide AR (DMSO) was purchased from Chem‐Supply,
Australia. Hydrogen peroxide (H2O2, 30% w/w in H2O), acetic acid, sodium acetate
(NaCH3COO, ≥99%), and D(+) glucose were purchased from Sigma‐Aldrich (Australia).
Glucose oxidase, from Aspergillus Niger, recombinant (GOx) was purchased from MerckMillipore. Acetate buffer solutions (0.2 M) with different pH values were prepared by mixing
stock standard solutions of sodium acetate and the pH was adjusted with acetic acid or
5

NaOH and de-ionized water was used to make up the required volume. All the chemicals
were used as received without further purification.
2.2 Synthesis and characterization of tetrabutyl ammonium salt of [SV2W10O40]4(SV2W10) and [SVW11O40]3-(SVW11).
Both of SV2W10 and SVW11 were prepared on the basis of the literature method.25
The W(VI) and V(V) stock solutions were prepared by dissolving 82.462 g Na2WO4·2H2O in
500 mL water and by mixing 45.47 g V2O5 and 30 g NaOH in 500 mL water, respectively. 50
mL of W(V) stock solution and 10 mL of V(V) stock solution were added to 175 mL water,
and then 250 mL of CH3CN was added with stirring. 14 mL of conc. H2SO4 was added drop
by drop to the W(VI)-V(V)-CH3CN solution. The reaction mixture was heated in the sealed
bottle at 70ºC for a day. 5 g of n-Bu4NBr was added to the cooled reaction mixture. The
precipitate was collected by vacuum filtration, and washed with water and ethanol, and airdried. The obtained salt was re-crystallized at least twice to obtain the single crystal of (nBu4N)4[SV2W10O40]. A 1.8 g of (n-Bu4N)4[SV2W10O40]. was dissolved in a 350 mL of
CH3CN and 100 mL of H2O mixed solution. After addition of 50 mL of 10 M HCl, the
reaction mixture was heated in the sealed bottle at 70ºC for a day. 5 g of n-Bu4NBr was added
to hot reaction mixture and the solution was cooled to room temperature. The yellow
precipitate, (n-Bu4N)3[SVW11O40], was collected by vacuum filtration, and washed with cool
CH3CN, and air-dried. The obtained salt was further recrystallized at least twice from CH3CN
to obtain single crystal.
Both of the salts were checked by IR spectra (Figure S1). The observed IR peaks were
identical with the reported data.[25,26] Cyclic voltammograms of 0.5 mM SVW11 and SV2W10
were measured in CH3CN containing 0.1 M n-Bu4NPF6 in the absence and in the presence of
CF3SO3H. All of the first reduction processes for SVW11 are due to V(V/IV). In the case of
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the SV2W10, two vanadiums were reduced at the same potential after addition of acid (Figure
S2).[26]
2.3 Peroxidase mimicking activity of POMs
Unless otherwise stated, the peroxidase-like activity of POMs was carried out at room
temperature using 10 µg SVW11 or 20 µg SV2W10 in 50 μL 0.2 M NaOAc buffer (pH = 5.6) in
the presence of 800 μM freshly prepared TMB (TMB dissolved in DMSO) and 700 mM
H2O2. The mixture was incubated in the dark for 25 and 5 min for SVW11 and SV2W10,
respectively. Formation of blue coloured charge-transfer complex (TMBox) was quantified
by determining the OD at 652 nm (ε = 39000 M-1 cm-1) in a standard enzyme-linked
immunosorbent assay (ELISA) plate reader.
A set of optimization experiments were conducted to evaluate the peroxides-like
activity of the POMs. Optimum POMs concentrations were investigated by varying starting
quantities; 1-10 μg for SVW11 and 1-20 μg for SV2W10. The effect of pH on the enzymecatalysis reaction was optimized by varying the pH of 0.2 M NaOAc buffer from 3.6 to 9.4 at
room temperature.

2.4 Michaelis–Menten kinetic parameters
The Michaelis–Menten kinetic parameters are represented as the Michaelis-Menten
constant (Km) and maximal rate of reaction (Vmax). The steady-state kinetic assays were carried out
using the peroxidase-like reaction of POMs was carried out at room temperature using 10 µg
SVW11 or 20 µg SV2W10 in 50 μL 0.2 M NaOAc buffer (pH = 5.6) by varying the concentration
of H2O2 (100 – 1000 mM) at a fixed concentration of TMB (800 μM) and vice versa for the
varying the concentration of TMB (100-1000 μM) at 700 mM H2O2. Reaction kinetics were
monitored by measuring the intensity of blue colour (TMBox)at 652 nm) using standard ELISA
plate reader (Infinite 200 PRO, Tecan Life Science) in time scan mode. In the spectrophotometric
7

measurement, the passage length was 1 cm. The initial reaction velocity was calculated by BeerLambert Law.[27] The apparent kinetic parameters (Km and Vmax) for both TMB and H2O2 were
estimated by using the Michaelis–Menten and the Lineweaver–Burk equations as outlined in our
previous papers for studying enzyme-like activity of gold-loaded nanoporous ferric oxide
nanocubes,[6,10] porous iron oxide nanoflakes, [5] mesoporous nanocrystalline α- or γ-iron oxide, [9]
and mesoporous iron oxide.[11]

2.5 Colorimetric assay for glucose measurement
To demonstrate the applicability of these novel POMs for detecting biomolecules, a
glucose detection assay was performed as follows: 30 μL of D-glucose with different
concentrations ranging from 1 to 1000 μM were mixed with 3 μL of 20 mg/mL glucose oxidase
(GOx) in phosphate buffered saline solution (PBS, 10 mM, pH 7.4) and incubated at 45°C for 30
min. Then, 17 μL of TMB (700 μM), 10 μL of SVW11 (1 mg mL-1) and 73 μL of 0.2 M NaOAc
buffer solution (pH 5.6) were added to the glucose solution. The glucose detection was observed
by the naked eye as indicated by the colour change of the TMB solution from colourless to blue
and the resulting solution was used to perform the absorption spectroscopy measurements. The
same experiments were repeated for SV2W10 (20 μg).

3.Results and discussion
3.1 Peroxidase-like activity of POM nanomaterials
Catalysis of TMB by natural peroxidases like HRP, as well as peroxidase mimicking
nanozymes, in the presence of H2O2 generates a blue coloured 1-electron oxidation product
(TMBox) which absorbs light at 652 nm and can be used for naked eye evaluation
(qualitative) as well as UV-visible (UV-vis) quantification of the reaction.[5,6,9,10] Addition of
strong acids to the reaction generates the yellow coloured diimine terminal oxidation product
8

which absorbs light at 450 nm and is electroactive. This yellow coloured terminal reaction
product can be used for UV-vis (semiquantitative, colorimetric), as well as electrochemical
quantification.[5,6,9,10] The process is illustrated in the schematic 1 (Fig. 1c). Catalytic activity
of POMs in H2O2 based epoxidation and oxidation of organic compounds is well established
and involves multistep electron transfer reactions. Detailed mechanism of peroxidase-like
activity of POMs used in this study has not yet been experimentally determined. However
based on reports for POMs with similar structures, two possible mechanisms can be
proposed. In the first mechanism, peroxidase like activity of POMs may be due to their
ability to catalytically decompose H2O2 into OH radical via formation of active intermediates.
For example it has been proposed that reaction of [PTixW12−xO40](3+2x) with H2O2 produces
η2-peroxo Ti(O2) species as an active intermediate during olefin epoxidation reaction. [28,29]
Similarly di-vanadium substituted silicotungstate [SiW10O38V2(µ-OH)2]4– produces [γSiW10O38V2(µ-OH)(µ-OOH)]4- as an intermediate after reacting with H2O2 unlike lacunary
tungstate based POMs[30,31]. The second possibility is the redox mechanism from the balance
of redox potentials of H2O2, POM and TMB.
Nanozyme activity of the POMs was evaluated by testing their ability to oxidise TMB
in the presence of H2O2 (0.2 M NaOAc buffer pH 3.6). A negative control reaction was also
set up in parallel and contained only TMB+H2O2 in 0.2 M NaOAc buffer. The reactions were
incubated on room temperature. As shown in the Fig. 1a, in the presence of POMs the
reaction generated typical blue coloured solution. However, no colour change was observed
in negative control reaction (the one without POM) . Fig. 1b illustrates the absorptions of the
positive and negative control at 652 nm. The positive sample resulted the absorbance values
of 0.10647 and 0.09013 for SVW11 and SV2W10 respectively while it was 0.04298 for both
the negative controls. This indicated the peroxidase-like activity of SVW11 and SV2W10.

9

Another set of experiments were conducted to determine the optimum quantity of
POMs required for enzyme mimicking experiments. As shown in Figure 2(a, b) the
absorbance increased steadily with increasing POMs concentrations. To keep the amount of
POMs at a optimal level, we have chosen 10 μg/µL and 20 μg/µL SVW11 and SV2W10
respectively as optimal amount of POMs for conducting all subsequent experiments.
Similar to the natural enzyme HRP, the POM activity is dependent on the reaction pH.
To investigate the effect of pH value on the peroxidase-like activity of POM, UV-Vis spectra
were measured for the reactions carried out at room temperature using 10 µg SVW11 or 20
μg/µL SV2W10 in 50 μL 0.2 M NaOAc buffer in the presence of 700 mM H2O2 and 800 μM
TMB under a range of pH conditions (3.6 - 9.4). As shown in Figure 3, the catalytic activity
of both the POMs was higher in the acidic pH as compared to neutral or basic pH. This
activity of POMs could be explained by the fact that POMs are high unstable (i.e., completely
decompose) at neutral and basic pH. The maximum catalytic activity was achieved at pH 5.6.
Thus, subsequent analysis of POMs activity was conducted at pH 5.6.
In order to study the kinetics of enzyme reaction catalysed by these POMs, the
concentrations of both TMB and H2O2 were varied systematically. As shown in Figures 4 and
5, the absorbance values at 652 nm increased with increasing the concentration of both TMB
and H2O2.

No inhibition was found for the POMs catalysed reaction at the TMB

concentration up to 1000 μM or the H2O2 concentration up to 1000 mM, signifying that
POMs exhibit stable catalytic activity even at very high TMB or H2O2 concentrations.
Therefore, we adopted the concentrations of TMB and H2O2 as 800 μM 700 mM respectively
for subsequent experiments.
The corresponding values of Michaelis-Menten parameters, Km and Vmax (Table 1)
were evaluated from double reciprocal plots (Figures 4 (b and d) and Figures 5(b and d)) to
yield 0.0759 mM and 0.329×10-8 Ms-1 for SVW11, and 0.0543 mM and 2.67×10-8 Ms-1 for
10

SV2W10, respectively, in the case of TMB substrate. In the case of H2O2, the corresponding
parameters were calculated to be 57.1 mM and 0.325×10-8 mMs-1 for SVW11, and 47.7mM
and 2.72×10-8 mMs-1 for SV2W10, respectively. Km value is identified as an indicator of
enzyme affinity towards the substrate, a low Km represents a strong substrate affinity and
desirable for high sensitivity. [32] On the other hand, a high Vmax represents a faster activity
which is desirable for a rapid response and to minimise sample background effects. The level of
Km and Vmax obtained for SVW11 and SV2W10 are highly comparable to pervious findings of
various nanostructured materials based nanozymes as shown in (Table 1).

[10,14,23,24,33-40]

These results suggest that the POMs exhibit strong affinity towards H2O2 and TMB and
possess excellent peroxidase-like activity.
A separate set of experiments was set up to compare the catalytic performance of
these novel of POMs with standard natural peroxidase horseradish peroxidase (HRP).
Catalytic performance 0.5 ng of HRP (PBS pH 7.4) in the presence of 700 mM H2O2 and two
different concentrations of TMB (500 and 1000 μM) were tested. The enzymatic reactions
were conducted in 0.2 M NaOAc buffer pH (5.6) at room temperature. The peroxidase
activity of HRP was calculated to be 2- and 3-times higher than that of the SVW11 in the
presence of 500 μM and 1000 μM TMB respectively (Figure 6a). These values were almost
3- and 4 times for SV2W10 (Figure 6b). The data clearly suggest that the natural enzymes
show better catalytic performance over the SVW11 and SV2W10 POMs.

3.2 Colorimetric glucose estimation
In order to demonstrate the applicability of peroxidase mimicking properties of these
novel POMs in biomolecule detection, we built a POMs-based colorimetric sensing method
for the detection of glucose. In conventional glucose sensor, glucose oxidase (GOx) catalyses
the oxidation of D-glucose and generates H2O2 and gluconic acid as products, where the
11

concentration of in-situ produced H2O2 is directly proportional to the starting glucose
concentration (Figure 7a). [27] As demonstrated in section 3.1, the catalytic activity of the
POMs is dependent on the concentration of H2O2. Therefore, the glucose oxidase (GOx)catalysed oxidation reaction of D-glucose can be used for POMs based indirect detection of
glucose (Eq 2).
The glucose detection experiment was conducted in two steps that involve (i) the
catalytic reaction of glucose with glucose oxidase (GOx) in 10 mM phosphate buffer solution
(pH 7.0) at 45 °C and (ii) the oxidation of TMB by POMs nanozymes in the presence of H2O2
(produced

in first step), resulting in the development of a blue-coloured charge-transfer

complex. The naked-eye observation (qualitative) of the generation of blue colour
demonstrated the presence of glucose in the samples. The intensity of the blue-coloured
complex is directly linked to the amount of H2O2 (hence the amount of glucose) present in
the samples. Colorimetric readout (semi-quantitative) was carried out by measuring the
absorbance of the blue-coloured complexed at 652 nm generated using samples containing
designated concentrations of glucose. The corresponding linear calibration plots for glucose
concentrations were obtained in range from 1 μM to 1000 μM both for GOx/TMB/SVW11 or
SV2W10 systems (Figures 7b and 7c). The intensity of blue colour (inset in Figures 7b and 7c)
and the absorbance were found to be increasing proportionally with the increasing
concentrations of glucose. This increase is attributed to the generation of higher amount of
H2O2 in the reaction solution by the GOx-catalysed oxidation of glucose, allowing an
increased POMs-catalysed oxidation of TMB. The limit of detections (LOD) for SVW11 and
SV2W10 were estimated by corresponding signal-to-noise ratio of 3.0 and was calculated to be
found to be 1.14 μM and 1.24 μM respectively. When compared with other well-known
peroxidase mimicking nanozymes, two POMs (SVW11 and SV2W10) showed either
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comparable (GO 1.0 μM[41]) or even lower LOD values (AuNPs 4.0 μM[42]and Fe3O4 30
μM[43]).

Conclusions
We have investigated the peroxidase-mimicking activity of two vanadium-substituted
tungstosulfates with Keggin-type structure. Our results demonstrate that these POMs have a
higher catalytic activity at acidic pH while they are unstable in basic environment. The
steady-state kinetic analysis indicated that the behaviour of these POMs is in accordance with
typical Michaelis-Menten kinetics. They exhibited great peroxidase-like activities over a
wide pH range, which was further exploited to develop a simple colorimetric (naked-eye)
assay for the detection of glucose. Both the SVW11 and SV2W10 offered glucose detection
in the range from 1 μM to 1000 μM with the detection limits of 1.14 μM and 1.24 μM
respectively. Our proof-of-concept demonstration of the nanozyme activity of POMs in
detecting glucose via well-established H2O2/TMB reaction indicates their strong potential for
development of ELISA-based sensing approaches in the fields of diagnostics (i.e., detection
of glucose), biotechnology, and agricultural sciences.
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Table 1: The obtained kinetic parameters (Km and Vmax) for POMs (SVW11 and SV2W10) in
comparison with the pervious findings
Substrate

Km (mM)

Vmax (10-8Ms–1)

TMB

0.0759

0.329

H2O2

57.1

0.325

TMB

0.0543

2.67

H2O2

47.7

2.72

TMB

0.098

3.44

H2O2

154

9.78

TMB

0.0237

3.45

H2O2

3.99

3.85

TMB

0.096

14.14

Pt NCs

H2O2

155

24.66

35

PdCNPs

TMB

0.335

3.43

36

H2O2

589.7

4.32

TMB

0.0375

14.9

H2O2

1595.3

49.3

TMB

0.183

14.5

H2O2

282.1

16.8

TMB

0.123

6.39

H2O2

320.5

6.65

TMB

0.327

2.01

H2O2

0.216

1.27

OPD

2.55

0.756

H2O2

707.8

3.21

Catalyst

SVW11

SV2W10

Fe3O4 MNPs

GO-COOH

PtCNPs

CuCNPs

NiCNPs

Ag3PO4

POM-Calix hybrid
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Ref

This work

This work

33

34

36

36

36

37

24

Au-NPFe2O3NC

PB-Fe2O3

[PCoW11O39]

K10
[Fe4(H2O)2(PW9O34)2]
[PW12O40]3-

LaCoO3

TMB

0.0429

5.882

H2O2

138.5

4.770

TMB

0.009

12.3

H2O2

15

22.8

TMB

0.81

1.3

H2O2

2.01

61.7

TMB

0.25

0.242

H2O2

1.09

0.102

TMB

0.11

0.431

H2O2

15.89

0.000424

TMB

0.24

34.9

H2O2

15.0

35.0

17

10

38

23

14

39

40

Figure captions
Fig. 1. (a) Typical photographs of TMB reaction solutions obtained from the catalytic
oxidation of TMB by POMs in the presence of H2O2. From left to right: no POM, 5 μg
SVW11 and 5 μg SV2W10. The experiments were carried out in the presence of 800 μM TMB
and 700 mM H2O2 in 0.2 M NaOAc buffer (pH 5.6) at room temperature. (b) Corresponding
UV-vis data obtained at 652 nm. POM1 = SVW11 and POM2 = SV2W10. (c) Schematic
illustration of the nanozyme activity of the POMs for the oxidation of TMB in the present of
H2O2.

Fig. 2. UV-vis absorbances at 652 nm for 800 μM TMB and 700 mM H2O2 systems in 0.2 M
NaOAc buffer (pH 3.6) at room temperature in the presence of (a) 1-10 μg SVW11 and (b) 120 μg SV2W10. The error bars represent the standard deviation for three measurements.

Fig. 3. UV-vis absorbances of SVW11, under different pH conditions (inset: pH (3.6, 4.6,
5.6)). Reaction conditions: SVW11 = 5 μg/µL, TMB = 800 μM and H2O2 = 700 mM.

Fig. 4. Steady-state kinetic analysis using the Michaelis-Menten model (a) and (c) and
Lineweaver-Burk model (b) and (d) for (SVW11, 10 μg/μL) by varying the concentration of
(a) and (b) TMB (100 - 1000 μM) and (c) and (d) H2O2 (100 - 1000 mM) with fixed amount
of (a) and (b) H2O2 (700 mM) and (c) and (d) TMB (700 μM), respectively.

Fig. 5. Steady state kinetic analysis using the Michaelis-Menten model (a) and (c) and
Lineweaver-Burk model (b) and (d) for (SV2W10, 20 μg/μL) by varying the concentration of
(a) and (b) TMB (100 - 1000 μM) and (c) and (d) H2O2 (100 - 1000 mM) with fixed amount
of (a) and (b) H2O2 (700 mM) and (c) and (d) TMB (700 μM), respectively.
18

Fig. 6. Comparision of the catalytic activity of POMs and HRP. UV-vis absorbances at (652
nm) for (a) SVW11/TMB/H2O2 [A, C] and HRP/TMB/H2O2 [B, D] (b) SV2W10/TMB/H2O2
[A, C] and HRP/TMB/H2O2 [B, D] systems. Experimental conditions, A: TMB = 500 μM,
H2O2 = 700 mM and SVW11 = 10 μg or SV2W10 = 20 μg, B: TMB = 500 μM, H2O2 = 700
mM and HRP = 0.5 ng. C: TMB = 1000 μM, H2O2= 700 mM and SVW11 = 10 μg or SV2W10
= 20 μg, D: TMB = 1000 μM, H2O2= 700 mM and HRP = 0.5 ng. Error bar represents the
standard deviation of three measurements.

Fig. 7. (a) Schematic representation of nanozyme-based glucose detection. The
corresponding linear calibration plot for glucose detection using (b) SVW11, (c) SV2W10 as
nanozymes with varying the glucose concentration from 1 μM to 1000 μM (inset: the
corresponding colour change). Error bar represents the standard deviation of three
measurements.
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Supporting information
for

Novel Vanadium-substituted Tungstosulfate Polyoxometalates (POMs) as
Peroxidase Mimetics and Their Potential Application in Biosensing
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Figure S1 IR spectra of tetrabutylammonium salt of (a) [SVW11O40]3- and (b) [SV2W10O40]4-
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Figure S2. Cyclic voltammograms of 0.5 mM SVW11(A) and SV2W10 (B) in CH3CN
containing 0.1 M n-Bu4NPF6 in the absence (a) and in the presence (b) of 5 mM CF3SO3H.
Scan rate: 0.1 V/s. Working electrode: Glassy carbon; counter electrode: Pt wire; reference
electrode: Ag/Ag+ electrode.
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