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Abstract: This work aimed to study the interaction of silver nanoparticles (AgNP) and lipases with 

models of biological membranes based on natural phospholipid and cholesterol. The crude 

phosphatidylcholine from egg yolk (PCe1) and synthetic cholesterol (Chol)  were obtained from Sigma-

Aldrich. Porcine pancreatic lipase (PPL) was obtained by purification from the hog pancreas. AgNP 

dispersion was prepared by the well-known citrate method. Measurement of surface tension (ST) was 

carried out using a BPA-1P device. The equilibrium surface tension (eST) was obtained by calculating 

the ST-time isotherms using the ADSA program. The particle sizes were determined by the dynamic 

light scattering method. An addition of AgNPs led to a pronounced decrease in both ST and eST 

(whereas almost no changes occurred by lipase addition), and AgNPs destructed the large lipid particles. 

The average lipid particle diameter values changed drastically, whereas the effective particle diameter 

values were almost the same by lipase addition. Thus, the interactions of AgNPs or lipase with the 

mixture of natural phospholipid and cholesterol have had entirely different features. These effects are 

interesting for modeling the interactions of inorganic and organic compounds with biological 

membranes.  
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1. Introduction 

Interfacial properties of biologically active compounds (phospholipids, cholesterols, 

membrane proteins, peptides, etc.) are very important for studying the biological membranes' 

structure-function. In recent years, the study of the properties and applications of silver 

nanoparticles (AgNPs) is of high interest [1-3]. The antimicrobial effects of silver ions and 

their salts are well known [4]. The high activity of nanoparticles is due to their small size and 

highly developed interfacial surface, strong adsorption properties, the presence of unsaturated 

metal valences, and the formation of a large set of «chelate» compounds [5-7]. This opens up 

the possibility of nanomaterial applications in the fields of biomedicine, pharmacology, food, 

and agricultural production [2, 4-7]. The effects of nanoparticles on biological objects are 
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currently controversial and have not been definitively evaluated in many cases. In the available 

literature, the opinion is increasingly expressed that various nanoparticles, under certain 

conditions, can negatively affect the course of several biochemical processes in a living 

organism [2-4]. 

The synthesis and properties of silver nanoparticles and the achievements and prospects 

of their use are well described in Russian [4-7] and foreign [8-10] publications. Besides, it is 

quite convenient to work with silver nanoparticles when studying several biochemical 

processes [11-20].  

There are numerous reviews [21-26] on purification, structure-function relations, 

immobilization, and application of various lipases that are not a subject to discuss. It is 

important to highlight that lipase preparations are widely used in biotechnology and 

biomedicine, especially for therapy of the pancreas, liver, and gallbladder diseases [27-32]. The 

study of the effect of lipase interaction with lipid vesicles in aqueous dispersions is of 

fundamental and practical interest.  

This work aimed to study AgNPs and lipases' interaction with biological membranes' 

models based on natural phospholipid and cholesterol.  

2. Materials and Methods 

The following compounds and reagents from Sigma-Aldrich were used in this work: 

crude phosphatidylcholine from egg yolk (PCe1) and synthetic cholesterol (Chol). A dispersion 

of silver nanoparticles (AgNPs) was obtained by the well-known citrate method [4]. 

Measurement of surface tension (ST) was carried out using a BPA-1P device by measuring the 

maximum pressure in a bubble with a surface lifetime of 0.5 s to 7 s [33]. The equilibrium 

surface tension (eST) was obtained by calculating the ST-time isotherms using the ADSA 

program [33]. The particle sizes in the obtained colloidal solutions (i.e., AgNP dispersions) 

were determined by the method of dynamic light scattering. Porcine pancreatic lipase (PPL) 

was obtained by purification from the hog pancreas by well-known methods [21-22]. The data 

obtained were subjected to the statistical treatment by STATISTICA 10 (the average errors 

were below 1%).  

3. Results and Discussion 

The surface tension (ST) and particle size values of two-component mixtures of 

phosphatidylcholine and cholesterol (as models of lipid biomembranes) were investigated in 

the presence of silver nanoparticles or PPL at the same concentration level.  

3.1. Surface tension changes by the interaction of AgNPs with model membranes.  

The surface tension (ST) values of the mixtures of phosphatidylcholine with cholesterol 

were investigated in the presence of silver nanoparticles. In many samples of individual 

PCe1:Chol dispersions (i.e., without the addition of nanoparticles), the following reference data 

were obtained: a) 72.20±0.11 mN/m (ST) with a surface lifetime of 0.5 s (i.e., in the range of 

measurement errors) and b) 70.03±0.12 mN/m (eST).  

The surface tension values of phosphatidylcholine:cholesterol=19:1 mixture by 

addition of silver nanoparticles at concentrations from 0.01 to 1.0 a.u. (arbitrary units) are 

presented in Table 1.   
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Table 1. The surface tension (ST) values for the samples of PCe1:Chol=19:1 in the presence of silver 

nanoparticles. 

Samples  t = 0.5 s ST at t→∞ , s 

PCe1+ Chol +0.01 Ag 72.07±0.12 70.63±0.18 

PCe1+ Chol +0.05 Ag 72.94±0.14 72.11±0.14 

PCe1+ Chol +0.1 Ag 72.88±0.11 72.20±0.10 

PCe1+ Chol +0.3 Ag 73.00±0.10 70.76±0.11 

PCe1+ Chol +0.5 Ag 72.55±0.10 69.46±0.14 

PCe1+ Chol +0.7 Ag 72.73±0.12 71.58±0.13 

PCe1+ Chol +1.0 Ag 72.61±0.13 70.83±0.12 

The data in Table 1 agree with the expected ones for a high ratio of phosphatidylcholine 

in the mixture and can be considered the reference data for the further mixtures studied. A 

small decrease of ST values (at a surface lifetime of 0.5 s) and an increase of eST values (see 

table 1) after adding 0.01 a. u. of AgNP dispersion was obtained. It is important to highlight 

that the simultaneous increase observed of the ST and eST values (see table 1) was more 

pronounced (up to 72.94-72.88 mN/m) after adding 0.05-0.1 a. u. of AgNP dispersion to 

PCe1:Chol mixtures. This further small increase of ST values (at a surface lifetime of 0.5 s) 

and a decrease of eST values (see table 1) after adding 0.3 a. u. of AgNP dispersion was found. 

The further addition of 0.5-1.0 a. u. of AgNP dispersion to PCe1:Chol mixtures did not change 

the ST values, whereas the eST values varied essentially (from 69.46±0.14 to 71.58±0.13), but 

the average value was about 70.62±0.10 that was very close to 70.63±0.18 after adding 0.01 a. 

u. of AgNP dispersion (Table 1).  

3.2. Particle size changes by the interaction of AgNPs with model membranes.  

The average particle diameters, measured at the first step of AgNP addition (0.01 a.u.) 

to PCe1 mixture with cholesterol, was on 89% higher as compared to the initial 

PCe1:cholesterol=19:1 mixture. In contrast, the effective particle diameters, measured at the 

first step of AgNP addition (0.01 a.u.) to PCe1 mixture with cholesterol, were almost the same 

as for the initial PCe1:cholesterol=19:1 mixture (Table 2).  

Table 2. The average particle diameter (APD) and effective particle diameter (EPD) values for the samples of 

PCe1:Chol=19:1 in the presence of silver nanoparticles. 

Samples APD, nm EPD, nm 

ePC1+ Chol +0.01 Ag  152.0±0.1 221.2±0.2 

ePC1+ Chol +0.05 Ag  4.70±0.20 201.4±0.2 

ePC1+ Chol +0.1 Ag  4.10±0.10 184.4±0.3 

ePC1+ Chol +0.3 Ag  4.10±0.04 155.6±0.1 

ePC1+ Chol +0.5 Ag  3.20±0.10 128.1±0.2 

ePC1+ Chol +0.7 Ag  3.10±0.03 112.4±0.1 

ePC1+ Chol +1.0 Ag  3.10±0.03 96.0±0.1 

During an increase of AgNPs concentration up to 0.05 a.u. the average particle diameter 

decreased drastically (by 30 times), whereas the effective particle diameter decreased by 10% 

only (see table2). The further increase of AgNPs concentration up to 0.3 a.u. led to the average 

particle diameter decrease by 32% and the effective one - by 10% in these mixtures. There are 

no significant changes in the average particle diameter and the effective one in the case of the 

synthetic PC-containing samples. In general, an increase in AgNP concentration in dispersion 

samples by every 0.2 a.u. led to a decrease in the samples' effective particle diameter by 15-

17% (Table 2).  
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3.3. Surface tension changes by the interaction of lipase with model membranes. 

It was interesting to study an enzyme interaction, such as lipase from the hog pancreas 

(instead of the AgNPs), with the same model membranes. A lipase addition to the all two-

component mixtures at concentrations of 0.01, 0.05, 0.1, and 0.5 a.u. led to the significant (up 

to 10%) ST decrease in average.  

Table 3. The surface tension (ST) values for the samples of PCe1:Chol=19:1 in the presence lipase (PPL). 

Samples  t = 0.5 s ST at t→∞ , s 

PCe1+ Chol +0.01 PPL 72.37±0.12 71.91±0.18 

PCe1+ Chol +0.05 PPL 72.22±0.14 71.80±0.14 

PCe1+ Chol +0.1 PPL 72.01±0.11 71.53±0.10 

PCe1+ Chol +0.5 PPL 72.08±0.10 71.75±0.14 

PCe1+ Chol +1.0 PPL 72.12±0.13 71.43±0.12 

A small continuous decrease of ST values (at a surface lifetime of 0.5 s) and eST (ST 

at t→∞) values (Table 3) after adding from 0.01 to 0.1 a. u. of PPL dispersion was found. It is 

important to highlight that a very small increase that was observed for the ST and eST values 

(see table 3) after adding 0.5 a. u. of PPL dispersion to PCe1:Chol mixtures was almost in the 

experimental error ranges. A further small decrease of ST and eST values (Table 3) after adding 

1.0 a. u. of PPL dispersion was found.  

3.4. Particle size changes by the interaction of lipase with model membranes. 

The average and effective particle diameters, measured at the first step of lipase addition 

(0.01 a.u.) to PCe1 mixture with cholesterol (Table 4), was almost the same as for the initial 

PCe1:cholesterol=19:1 mixture.  

Table 4. The average particle diameter (APD) and effective particle diameter (EPD) values for the samples of 

PCe1:Chol=19:1 in the presence of lipase (PPL). 

Samples APD, nm EPD, nm 

ePC1+ Chol +0.01 PPL  57.6±0.1 243.2±0.1 

ePC1+ Chol +0.05 PPL 45.3±0.2 238.8±0.2 

ePC1+ Chol +0.1 PPL 117.1±0.3 218.4±0.3 

ePC1+ Chol +0.5 PPL  167.8±0.2 247.8±0.2 

ePC1+ Chol +1.0 PPL 226.6±0.1 239.9±0.1 

During an increase of lipase concentration up to 0.05 a.u. the average particle diameter 

decreased by 21%, whereas the effective particle diameter decreased slightly by 2% only (see 

table 4). The further increase of lipase concentration up to 1.0 a.u. led to the average particle 

diameter increase by 2 times and the effective one – by about 10%. During an increase of lipase 

concentration up to 0.5 or 1.0 a.u. the average particle diameter increased by 3 or 4 times 

compared to those at PPL 0.01 a.u., whereas the effective particle diameter was almost the 

same these conditions (Table 4).  

In general, the average particle diameter (APD) values changed drastically, whereas the 

effective particle diameter (EPD) values were almost the same by addition lipase from 0.01 to 

1.0 a.u. (Table 4).  

The obtained data agree with the found data on the activity of the lipase and their 

mixtures with some surfactants, lipids, and polymers [34-36].  
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4. Conclusions 

Thus, an addition of silver nanoparticles led to a decrease both in ST and eST, whereas 

almost no changes occurred by lipase addition. The addition of AgNPs leads to the destruction 

of the large lipid particles, i.e., the appearance of particles of very small diameter. Probably, 

the decrease in ST occurs more significantly with a narrower particle size distribution; but the 

appearance of the small particles does not play a significant role in the eST decrease. The 

average lipid particle diameter values changed drastically, whereas the effective particle 

diameter values were almost the same by lipase addition. Thus, AgNPs or lipase interactions 

with the mixture of natural phospholipid and cholesterol have been studied for the first time 

and have had entirely different features. A further comparative study of the inorganic and 

organic compounds with such models of biological membranes for both fundamental and 

applied aspects seems interesting.  
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