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ABSTRACT 
 

The pharmacological behavior of administered     

nanostructures strongly depends upon their interaction with 

plasma proteins and physicochemical characteristics. 

Herein, interaction of silver nanoparticles has been studied 

with different concentrations of Lysozyme. Complex 

formation and size change was studied by monitoring 

surface plasmon resonance (SPR) band of nanoparticles and 

dynamic light scattering (DLS). Within the nanomolar 

range, at low concentration of protein there was negligible 

change in the characteristic SPR band and hydrodynamic 

diameter of nanoparticles. Upon increment of biomolecule 

concentration, considerable red shift and decrease of SPR 

intensity occurred, and the nanoparticles experienced 

noticeable change in size. Scanning electron microscopy 

confirmed decrease of interparticle distance and formation 

of nanoparticle aggregates. This effort highlights combined 

utility of SPR and DLS data for facile estimation of 

optimized conditions in design of drug nanocarrier systems. 
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1 INTRODUCTION 
 

Silver nanoparticles (AgNPs) have received extensive 

attention owing to their outstanding features such as optical 

and antibacterial properties. The optical response of noble 

metal nanoparticles is governed by the collective oscillation 

of electrons confined to nanoscale volumes in the 

conduction band, known as surface plasmon resonance 

(SPR). A fascinating aspect of plasmonic nanostructures is 

that their optical properties are strongly affected by 

structural parameters such as size and shape, as well as 

material composition and the surrounding dielectric envi-

ronment [1]. Such unique physiochemical properties endow 

plasmonic nanostructures as excellent candidates for 

biomedical applications, such as medical diagnosis, 

biosensing and drug delivery systems  [2, 3]. Similar to 

AgNPs, lysozyme displays biocidial effect, through 

hydrolysis of mucopeptide cell wall of certain 

microorganisms [4]. Recently, the biomolecule’s potential 

ability in killing human immunodeficiency virus (HIV) has 

been evidenced [5]. With well-known physico-chemical 

properties and antibacterial activity, the enzyme has been 

dedicated extensive research due to its potency in delivery 

of drug molecules, such as captopril [6], naproxen [7] and 

puerarin [8]. Today, designing hybrid systems of 

nanoparticles and biomolecules as drug nanocarriers of 

enhanced properties has paved the way for future delivery 

strategies [9, 10]. However, to enable full exploitation and 

deeper understanding of a hybrid system, assessing both 

biomolecular and nanocarrier characteristics are important. 

Previous studies on NPs-biomolecule interactions suggest 

that proteins could induce large scale changes on the 

surface of nanoparticles, such as dissolution, ion leaching, 

phase transformation and agglomeration [11, 12]; leading to 

different cellular responses. Essentially, for innovation of 

functional nanobiomaterials, interaction conditions must be 

optimized in such a manner to preserve the intrinsic 

properties of each component and the final function of 

hybrid systems. 

The present work highlights possible changes in silver 

nanoparticles characteristics upon interaction with three 

different concentrations of lysozyme, using spectroscopic 

and microscopy techniques. Combined utility of dynamic 

light scattering and surface plasmon resonance 

characteristics of NPs could be considered as a feasible 

approach in optimization of interaction conditions, prior to 

design any drug nanocarrier system. 

 

 

2 EXPERIMENTAS 
 

2.1 Materials 

Chicken egg white lysozyme, silver nitrate (AgNO3) 

and sodium borhydride (NaBH4) were procured  from 

Sigma. Anhydrous sodium dihydrogen phosphate and di 

sodium hydrogen phosphate were purchased from Merck. 

Deionized water was used throughout the experiments.  
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2.2 Synthesis of Silver Nanoparticles 

Silver nanoparticles (AgNPs) were prepared by 

chemical reduction method, as previously described by 

Solomon et al. In a typical experiment, silver nitrate (1 mL, 

1.0 mM) was added dropwise to ice-cold sodium 

borhydride solution (3 mL, 2.0 mM), with vigorous stirring. 

Careful optimization of synthesis conditions including 

appropriate quantities of reagents, stirring time and 

coldness of NaBH4  solution are critical prerequisites to 

obtain  stable nanoparticles. 

Silver contents of nanoparticles were determined using 

Inductively Coupled Plasma-Atomic Emission 

Spectroscopy (ICP-AES). Prior to analysis, nanoparticles 

were purified by centrifugation at 20000 rpm for 60 

minutes. The pellet was collected and  digested up to 2 mL 

with 1% (v/v) HNO3. Given the number of atoms in the 

sample, concentration of the nanoparticles was calculated to 

be 2 nM. In case of  protein, Bradford assay was used to 

determine the concentration [13]. 

 

2.3 Nanoparticle- Protein Interaction 

A fixed concentration of nanoparticles was interacted 

with three different concentrations of lysozyme (3, 30, 60 

nM) in sodium phosphate buffer (20 mM, pH 6.2). Samples 

were then incubated at the ambient temperature for 1 hour 

prior to characterization. 

 

2.4 Surface Plasmon Resonance Studies 

Formation of silver nanoparticles and possible change in 

their surface plasmon resonance characteristic was studied 

before and after treatment with different concentration of 

enzyme, using UV–Vis spectrophotometer (cary 100), with 

spectral resolution of 1 nm, from 200 to700 nm in the 

wavelength region.  

 

2.5 Dynamic Light Scattering 

Effect of protein concentrations on the average 

hydrodynamic size of nanoparticles was monitored using 

dynamic light scattering (Nano - ZS, Malvern Instruments). 

Measurements were carried out in standard polypropylene 

quartz cuvettes of 1 cm path length. Samples were excited 

with a 633 nm wavelength laser. Scattered intensities were 

recorded at a 173
◦
 angle in kilo counts per second. 

 

2.6 Electron Microscopy 

The particle size, morphology and distribution was 

studied by scanning electron microscopy (SEM), before and 

after interaction with lysozyme. Fresh samples were 

prepared and well disperesed by sonication. Samples were 

then dried and labeled with a gold monolayer (sputter 

coating), imaged by KYKY- EM3200 electron microscope 

at the accelerating voltage of 26 kV.  

3 RESULTS & DISCUSSION 
 

 

3.1 Characterization of SilverNanoparticles 

Formation of silver nanoparticles with spherical 

morphology was monitored by appearance of its 

charactristic absoption peak. Collective oscillation of 

electons in the conduction band of metal nanospheres at 

specific wavelengths results in a single absorption peak in 

the visible region, which is called as surface plasmon 

resonace (SPR) band. As depicted in Figue 1, the SPR band 

of silver nanoparticles exhibits a sharp peak at 392 nm, with 

FWHM of 50 to 60 nm, consistent with previous studies 

[14]. Since the plasmonic resonance band is strogly 

dependent on changes in the refractive index of the local 

environment, adsorption of biomolecule on nanoparticles 

directly affects its position and intensity. In the presence of 

lysozyme (3 nM), the SPR band of AgNPs decreased 

negligibly, showing adsorption of protein onto the 

nanoparticles. However, upon increment of concentartion 

(30 and 60 nM) it showed remarkable red shift and decrease 

of intensity. This could be a sign of significant change in 

interparticle distance and formation of large aggregates. 

Consistent with spectral response, the nanoparticles 

developed distinct changes in the color intensity in the 

presence of protein. The inset of Figure 1 shows how the 

bright yellow color of nanoparticles turns into darker shade 

when the aggregation phenomenon begins. In case of 

lowest concentration of lysozyme, no color change was 

observed. Therefore, it would be possible to gain insight 

into the colloidal situation by colorimetric surveys. 

 

 

 

Figure 1: UV–Vis spectra and appearance of AgNPs with 

different concentration of lysozyme. From top to bottom:   

0, 3, 30, 60 nM of protein.  
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Concentration of Lysozyme 

(nM) 

 

Zeta Potential  of AgNPs 

(mV) 

0 -22.0 

  3 -18.6 

30 -9.2 

60 -2.2 

 

Table 1: Zeta potential of silver nanoparticles treated with different concentrations of lysozyme. The bar chart (right) 

represents hydrodynamic size of the corresponding samples analyzed by DLS 

 
Figure 2: SEM images of AgNPs treated with different concentrations of protein (a) 0 nM, (b) 3 nM, (c) 30 nM, and (d) 60 nM. 

 
 

 

3.2 Dynamic Light Scattering 

Dynamic light scattering has long been a powerful tool 

for studying a wide range of phenomena, such as fractals, 

continuous phase transitions, spinodal decomposition, 

Brownian motion, the Wiener–Khinchine theorem, Brown–

Twiss effect, photon correlation spectroscopy and 

turbulence. Many phenomena and ideas of great importance 

in statistical and condensed matter physics can be attained 

by dynamic light scattering. In these and many other 

applications, the scattering is generated by particles 

introduced into the solvent, which is assumed to scatter 

light dependent on their size [15]. 

Size distribution and surface charge are critical 

parameters on controlling cellular uptake and fate of 

nanoparticles in biological medium. In this regard, size 

distribution and zeta potential of silver nanoparticles was 

monitored by dynamic light scattering (DLS), also called as 

photon correlation spectroscopy (PCS). Compared to other 

techniques, an important aspect of DLS relies on its ability 

to analyze size of NPs in wet conditions, which precludes 

the risk of change in thier properties during the drying 

process. Table 1 reveals zeta potential changes of silver 

nanoparticles upon interaction with different concentartions 

of lysozyme. As the protein is introduced into nanoparticle 

medium, it starts to assmble in nanoparticle’s proximity by 

electrostatic interaction. Presence of the positively charged 

biomolecule increses the zeta potentioal of AgNPs from -22 

to -2 mV upon increment of lysozyme concentration, 

reprentiong higher degree of nanoparticle-protein 

interaction. From DLS Analysis, it could be found that the 

hydrodynamic diameter of AgNPs increased from 22.0 nm 

to 30 nm after interaction with 3 nM lysozyme. However, in 

case of higher concentrations of protein, the nanoparticles 

experienced noticeable change in size, i.e. 936 nm and 1051 

nm for 30 and 60 nM, respectively. Such remarkable 

change in hydrodynamic diameter of nanoparticles 

highlights the possiblity of formation of large AgNPs 

aggregates. Results of DLS were well consistent with 

surface plasmon resonance response of AgNPs treated wit 

specified range of biomolecule concentartion. Although 

DLS data on hydrodynamic size implies occurrence of 

aggregation phenomenon, it is worth to mention that poly 

dispersity index (PDI) value was measured to be 0.1. It 

seems that large aggregates of AgNPs have been formed in 

a uniform fashion. 
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3.3 Scanning Electron Microscopy 

Comlementary to surface plasmon resonance studies, 

scanning electron microscopy (SEM) is a proper technique 

to monitor morphology and size of nanoparticles. Figure 2 

depicts SEM images of silver nanoparticles before and after 

intercation with various concentartions of lysozyme. 

According to the Figure, the nanoparticles almost show 

even distribution with uniform size. In the presence of 

lysozyme, the interparticle distance between the 

nanoparticles starts decreasing, leading to incresae in size 

from 32 nm to 39 nm. Upon increment of lysozyme 

concentration, the complex size remarkably increased to 

500 and 989 nM for 30 and 60 nM, respectively. A glance 

at SEM images confirms decrease of interparticle distance 

and formation of large aggregates of silver nanoparticles, 

which is dictated by interaction with oppositely charged 

biomolecule. However, the spherical morphology of AgNPs 

has not been perturbed at higher concentrations of 

lysozyme. Comparison of the narrow size distribution of 

AgNPs-60 nM lysozyme (SEM image) with PDI value 

extracted from DLS results, confirms the uniform 

aggregation state of nanoparticles. Therefore, in 

consistency with scanning electron microscopy images, 

combination of surface plasmon resonnace response of 

noble metal nanoparticles and dynamic light scattering 

could be useful to monitor the optimized conditions for 

nanoparticle-biomolecule interactions, in the sense of 

availability, cost-effectiveness and reliability.     

 

 

 

CONCLUSION 
 

Interaction of nanoparticles and biomolecules often 

affects the physocochemical properties of each counterpart. 

Therefore, prior to design hybrid systems of a specific 

functionality, the essence of conducting fundametal survey 

on such interactions  come into picture. This effort 

highlighted the possibility of exploiting combined 

spectroscopic techniques to attain optimized conditions for 

a model drug nanocarrier system. Monitoring the 

characteristic surface plasmon resonance of silver 

nanoparticles accompanied by dynamic light scatting data 

of AgNPs-lysozyme complex provides sufficient 

information about quality of interaction, size and dispersity 

of the hybrid system. Although working within a fixed 

range of concentration (i.e nanomolar values), SPR and 

DLS data revealed that protein concentration plays critical 

role either in guiding formation of stable complexes or 

dictating irreversible aggregations of NPs. Combined utility 

of surface plasmon resonance provides further insights into 

situation of nanoparticles-protein interaction within a short 

time interval. Although SEM provides detailed, unique 

information on shape and morphology of NPs, the short 

time required for SPR and DLS analysis, together with 

relatively low cost of the experiments, candidates these 

techniques as appropriate alternatives for interaction 

studies, and as a facile approach for designing drug 

nanocarrier systems of optimized conditions. 
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