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2 Institute of Medical Chemistry, Faculty of Medicine, University of 

Belgrade, Serbia 
3 Istituto di Struttura della Materia, Consiglio Nazionale delle Ricerche, 
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ABSTRACT 

12-tungstosilicic acid (SiW12) and decavanadate (V10) are polyoxometalate 

compounds (POMs) exhibiting biological activity. In vitro studies of the 

influence SiW12 and V10 on synaptic plasma membrane (SPM) 

acetylcholinesterase (AChE) and Na,K-ATPase, respectively, showed that 

these POMs inhibit the enzyme activities in submicromolar concentrations. 

As Na,K-ATPase and AChE are membrane associated enzymes, the 

inhibition of their activities can result from the membrane changes induced 

by the inhibitor binding. Thus, the effect of SiW12 and V10 on the membrane 

structure was investigated by using Atomic Force Microscopy (AFM) 

technique. The obtained results demonstrated that the calculated average 

roughness values for SiW12 and V10 treated SPM were significantly higher 

(about 6 and 1.5 times, respectively), compared to untreated SPM preparation. 

The obtained changes indicate that both investigated POMs bind to the 

plasma membranes, and consequently their approved strong inhibitory 

potencies toward the membrane bound enzymes might be assigned to the 

induced membrane modifications. 

 

INTRODUCTION 

Decavanadate (V10) and 12-tungstosilicic acid (SiW12) are 

polyoxometalates (POMs), negatively charged inorganic compounds 

containing early transition metal ions in their highest oxidation state, 

surrounded by oxygen atoms [1]. POMs have been shown to exhibit 

biological activities in vitro as well as in vivo [2-5]. However, their biological 

mechanisms of action at the molecular level are not well understood [6]. It 

has been speculated that POMs are likely to act extracellularly inhibiting 

several different enzyme families mostly located on the plasma membrane 

and display extracellular binding sites [7].  
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The results of inhibitory influence of V10 and SiW12 on synaptic plasma 

membrane (SPM) acetylcholinesterase (AChE) and Na,K-ATPase showed 

that V10 induces 50% decrease in Na,K-ATPase activity at concentration of 

5 × 10-7 mol/L (IC50) [8], while IC50 value of 6.2 × 10-8 mol/L SiW12 for 

AChE was obtained. However, the structural and conformational 

modifications of these membrane enzymes in the presence of the tested 

polyoxometalates, which are expected to influence the activity, were not 

clarified. Furthermore, the activities of Na,K-ATPase as a transmembrane 

enzyme and AChE as a membrane bound enzyme might be modified due to 

some membrane changes induced by the inhibitor binding. Therefore, the aim 

of this study is to investigate the influence of SiW12 and V10 on the SPM 

structure by using Atomic Force Microscopy (AFM) technique.  

 

EXPERIMENTAL 

SiW12 (H4SiW12O40) was commercially available (Sigma Aldrich), and V10 

((NH4)6V10O28·5H2O) was synthesized [8, 9]. Stock solutions of SiW12 and 

V10 (0.01 mol/L) were prepared daily, by solving the solid compounds in 

water shortly before use. Working solutions (0.001 mol/L) were prepared 

daily by diluting the stock solutions. SPM were isolated from the whole brain 

of 3-month-old male Wistar albino rats according to the method of Towle and 

Sze [10]. Preliminary studies showed that the presence of 5 × 10-4 mol/L 

SiW12 did not change pH of the SPM preparation (7.4). 50 µL of SPM 

preparation was mixed with 50 µL of 0.001 mol/L investigated POM solution 

(1:1), and then applied in drops onto a glass surface. The SPM preparation in 

combination with water (1:1) served as a control. The prepared samples dried 

overnight. AFM measurements were performed using a home-designed 

microscope [11] that can be operated under controlled environmental 

conditions. The AFM measurements were performed in air, at room 

temperature and constant 30% relative humidity. The contact mode 

measurements were performed in the weak repulsive regime of constant force 

with a probe force below 1 nN from zero cantilever deflection. The high-

resolution images have been collected at a scanning speed of 0.25–0.35 Hz.  

 

RESULTS AND DISCUSSION 

The image of the control SPM sample (without POM) obtained by AFM 

technique is presented in Fig. 1. 
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Figure 1. The image of the control SPM sample obtained by AFM 

technique. 

  

The values of average roughness for the investigated POM (V10, SiW12)-

SPM samples and control SPM were calculated and presented in Fig. 2. The 

obtained results demonstrate that the roughness value for the SPMs after 

SiW12 treatment sugnificantly increased, more than 3 times, compared to the 

membrane roughness before the SiW12 treatment (SPM alone). The presence 

of V10 also induced increase in the membrane roughness compared to the 

SPM control, but about 1.5 times. 
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Figure 2. The calculated values of average roughness obtained for SPMs 

before (SPM) and after V10 (SPM + V10), and SiW12 (SPM + SiW12), 

treatment. 

 

The obtained results indicate that both SiW12 and V10 bind to the plasma 

membranes. Consequently, their previously approved strong inhibitory 

potencies (IC50 values in submicromolar concentrations) toward the 
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membrane bound enzymes (AChE and Na,K-ATPase) might be assigned to 

the induced membrane modifications. 

 

CONCLUSION 

The investigated polyoxometalates in this study, SiW12 and V10, inhibit the 

activities of membrane associated enzymes, SPM AChE and Na,K-ATPase 

in submicromolar concentrations, respectively. The results obtained by AFM 

technique demonstrate that both SiW12 and V10 induce increase in average 

roughness values of SPM compared to untreated SPM. Accordingly, it could 

be concluded that these compounds modify the plasma membrane structure, 

resulting in the affection of the membrane associated enzyme activities.  
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