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Final Brief Report  

Title of Project: 
“Synthesis of biocompatible magnetic nanoparticles and their applications in nanotherapy and 
prevention of environmental water pollution”-Project No: UGC-DAE- CSR-KC/CRS/19/MS-06/0401 
dt. 25/10/2021. 

The following works are done as per submitted year wise experimental plan. 

(i) Synthesis of gold (Au), gold silver core shell, Iron oxide, citrate capped iron oxide, albumin 
coated biocompatible iron oxide and Gold coated Iron oxide Nanoparticles: 

 
We have also synthesized colloidal citrate capped gold (Au) with diameter 13.6 nm, gold-silver 

core-shell nanoparticles (Au@AgNPs) without any functionalization. Synthesis of core shell 
Au@AgNPs is confirmed from the TEM and HRTEM images showing clearly the Ag shell formed on 
Au core and from the and SAED pattern representing the fcc crystalline structure of both Au and Ag. 
The bare, citrate functionalised and bovine serum albumin coated Fe3O4 nanoparticles (Fe3O4NPs, 
CFe3O4NPs and BFe3O4NPs) are synthesized. The XRD profile of the as prepared Fe3O4NPs as well as 
SQUID study confirms the synthesis of Fe3O4NPs. Along with the FTIR study confirms the synthesis 
of CFe3O4NPs and BFe3O4NPs. We have synthesized novel star shaped α-Fe2O3/Au nanocomposites. 
The α-Fe2O3/Au nano-composites are well crystalline in nature with excellent star/flower shaped 
particles having uniform arms/petals of length ~ 174 nm and maximum width ~ 51 nm. 

 
(ii) Study of the interaction of the gold, gold silver core shell, Iron oxide, citrate capped iron 

oxide, albumin coated biocompatible iron oxide nanoparticles with protein/enzyme: 
 
The interaction of Au NPs with a protein/enzyme lysozyme (Lyz) is studied through spectroscopic and 
microscopic studies. Corona formation of Lyz on Au NPs surfaces and its effect on the optical properties 
of Lyz as well as effect of aggregation of Au NPs on their plasmonic properties are analysed. Moreover, 
we have developed an open eye colorimetric method, based on quantitative analysis of RGB fractions 
of colorimetric changes of Au NPs to find the correlation with the corona formation of Lyz on surfaces 
of Au NPs. Molecular docking simulation endorses that, basic arginine are the binding sites of Lyz 
which have high binding affinity with tri-citrate ions of citrate capped Au NPs. The ground state 
complex formation between Lyz and Au NPs occurs with stoichiometric ratio 1:1, after time interval 
11 minute of mixing. The nature of time dependence of intensity and resonance wavelength of the 
surface plasmons of the Au NPs have been investigated with the change of medium dielectric constant, 
plasmon coupling and electrostatic interaction with Lyz. 

The ratio of UV-Vis absorbance of Au@AgNPs at two suitable wavelengths in presence of 
different concentrations of Lyz has been measured. Along with the relative increase in the absorbance 
ratio per nanomol/L increase in Lyz concentration has been determined. Moreover, we have performed 
sensitivity study of Au@AgNPs and AuNPs in colorimetric identification of Lyz solution in water 
among solutions of equal concentrations of several low and high isoelectric point (PI) proteins, namely, 
pepsin (PEP, PI=3.24), Bovine serum albumin (BSA, PI=4.7), Hemoglobin (Hb, PI=6.8), Cytochrome- 
C (Cyt-C, PI=10.2) and Lysozyme (Lyz, PI=11.1). Colorimetric identification have been done in respect 
of visible colours of the samples by naked eye observation as well as by comparison of the values of 
red, green and blue (RGB) components of the colours. The colorimetric selectivity of the Au@AgNPs, 
in detecting Lyz is observed to be better compared to that of AuNPs in this study. 

We have studied the binding of bare, citrate functionalized and bovine serum albumin coated 
Fe3O4 nanoparticles (Fe3O4NPs, CFe3O4NPs and BFe3O4NPs) with human hemoglobin (Hb), their 
effect on the secondary structure of Hb and a comparative study of their hemolytic effects on 
erythrocytes. Spectroscopic studies reveal that both the amino acid groups and the heme group of Hb 
participate in ground state complex formation with all the NPs with 1:1 stoichiometric ratio. While 
amino acid groups of Hb strongly bind with CFe3O4NPs, heme group strongly binds with bare 
Fe3O4NPs. Binding constant and changes in Gibbs free energy are noticeably small for of BFe3O4NPs, 
indicating its weak interaction with Hb. Fluorescence quenching of Hb in presence of the nanoparticles 
appears to be due to FRET with an additional factor in case of CFe3O4NPs - the hindering of energy 
transfer from tyrosine to tryptophan by the COO- group. Among the nanoparticles, BFe3O4NPs have 
smallest effect on the secondary structure of Hb and also they are least hemolytic. 
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Abstract 

Novel star shaped α-Fe2O3/Au nanocomposites have been synthesized by following a low cost as well as simple two-step method 
through chemical precipitation and seed growing technique. α-Fe2O3 nanoparticles have been precipitated from Iron (III) nitrate 
nonahydrate by ammonia solution and subsequently citrate capped and then Au has been deposited on the surface of the 
nanoparticles through reduction of Gold (III) chloride trihydrate by Hydroxylammonium chloride. The α-Fe2O3/Au 
nanocomposites are well crystalline in nature with excellent star/flower shaped particles having uniform arms/petals of length ~ 
174 nm and maximum width ~ 51 nm. XRD of nanocomposites show peaks representing all the crystal planes of Au and major 
crystal planes of α-Fe2O3.The optical absorbance band of the α-Fe2O3 nanoparticles is observed to shift considerably towards 
higher wavelength on their composite formation with gold. Magnetic measurements show that both α-Fe2O3 nanoparticles and α-
Fe2O3/Au nanocomposites are weakly ferromagnetic, having values of magnetization, respectively, 0.99 emu/g and 0.36 emu/g at 
a magnetizing field of 50 kOe. 
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The interaction between colloidal gold nanoparticles (AuNPs) and lysozyme (Lyz) has been
studied through spectroscopic and microscopic measurements, molecular docking simulation and
colorimetric measurements to investigate corona formation and the mechanism, a±nity, number
of sites and stoichiometry of binding. Molecular docking simulation endorses that, at physio-
logical pH, the interaction between basic NH2 group of arginine and citrate ions is predominant
than the interaction between citrate ions and the positive surface charge of the bare AuNPs that
result in the desorption of citrate ions from Au surfaces and ¯nally, electrostatic interaction
between �COO� group of arginine and positive charge surface of AuNPs results in the ad-
sorption of Lyz on Au surfaces. As observed from Benesi–Hildebrand and °uorescence analyses,
the ground state complex formation between Lyz and AuNPs requires several minutes, which is
approximately 11 min in the present work to attain stoichiometric ratio 1:1. CD spectra indicate
insigni¯cant or no conformational change in the secondary structure of Lyz in the presence of
AuNPs. The time variation of LSPR peak position and peak height in the presence of Lyz have
been studied extensively through spectroscopic and microscopic measurements. Detailed dis-
cussion on the probable time-speci¯c roles of change in local dielectric constant, plasmon coupling
and electrostatic interaction on these variations has been presented. Colorimetric change of the
AuNPs-Lyz system with time has been analyzed by measuring the red, blue and green color
fractions as well as its correlation with the process of corona formation and aggregation has been
investigated to propose a novel naked eye colorimetric approach of studying these processes in
AuNPs-Lyz system.

Keywords: Protein–nanoparticle interaction; molecular docking; time variation LSPR; corona;
colorimetric study.
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 Abstract: Background: Lysozyme level in body fluids is a significant indicator of various diseas-
es. Cheap and simple colorimetric detection of lysozyme, in biological sample, by gold and silver 
nanoparticles is a field of interest of nanoparticle research for more than a decade.  

Objective: We report here an attempt to improve the sensitivity part of the colorimetric lysozyme 
detection process by using citrate capped gold-silver core-shell nanoparticles without any func-
tionalization.  

Method: Performance of gold-silver core-shell nanoparticles in determining of lysozyme concen-
tration in water is done using colorimetric/spectroscopic technique. Gold nanoparticles, silver na-
noparticles and mixed colloidal suspension of gold and silver nanoparticles, for comparison have 
also been studied. Selectivity study has been performed through spectroscopic analysis, red-green-
blue colour component analysis and fractal dimension analysis of the nanoparticles interacted with 
several low and high isoelectric point proteins. 

Results: Gold-silver core-shell nanoparticles showed higher sensitivity for a wider range of lyso-
zyme concentration compared to gold and silver nanoparticles prepared by us or reported in litera-
ture. Gold nanoparticles showed higher sensitivity compared to the core-shell nanoparticles, but 
for a narrow concentration range of lysozyme. For silver nanoparticles and the mixed nanoparticle 
system, both sensitivity and range of determination of lysozyme concentration were much smaller 
compared to the core-shell nanoparticles. Core-shell nanoparticles showed better selectivity com-
pared to gold nanoparticles in identifying aquatic solution of lysozyme from that of other proteins.  

Conclusion: Gold-silver core-shell nanoparticles have higher sensitivity in determining wide range 
of lysozyme concentration in water compared to gold and silver nanoparticles reported in litera-
ture. 

A R T I C L E  H I S T O R Y 
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1. INTRODUCTION 

Lysozyme (Lyz), a protein/enzyme that is present in dif-
ferent living things, including humans, defends several mi-
crobial and viral invasions in the host organism, including  
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human body as well as facilitates the activity of the instinc-
tive immune system [1-4]. Owing to its antibacterial activity, 
Lyz is often called the “body’s own antibiotic” [5-6], along 
with its anti HIV activity in human body has also been re-
ported [7]. In humans, Lyz is present in different body fluids 
like- saliva, mucus, tears, serum, mother’s milk, urine, tra-
cheal wall secretion, etc. with different levels [8-9]. Elevated 
levels of Lyz in different human body fluids have been ob-
served to be related to the occurrences of various life threat-
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 Abstract: Background: Fe3O4 nanoparticles have great potential in different biomedical applica-
tions. The study of the interaction of bare, and capped Fe3O4 nanoparticles with common blood 
proteins is a field of interest for understanding the underlying mechanism and biocompatibility.  

Objective: This work  aims at studying the nature of binding of bare, citrate functionalised and 
bovine serum albumin coated Fe3O4 nanoparticles (Fe3O4NPs, CFe3O4NPs and BFe3O4NPs) with 
human hemoglobin (Hb), and  their instantaneous effect on amino acid group, heme group and 
secondary structure of Hb.  

Method: Nanoparticles were prepared by the chemical route and characterised by TEM, XRD and 
UV-Visible and FTIR spectroscopy. UV-Visible absorbance and fluorescence emission/excitation 
spectroscopy and circular dichroism were performed to study the interaction of nanoparticles with 
Hb.  

Results: UV-Visible absorbance spectroscopy showed no blue or red shift of absorption peaks. 
Benesi-Hildebrand curves for the amino acid band and soret band of Hb absorbance spectrum 
were straight lines with positive intercepts; apparent binding constants and Gibbs free energy 
change were within a moderate level; they were larger for amino acid band in the presence of 
CFe3O4NPs, and  for soret band in the presence of Fe3O4NPs, but noticeably small for both bands 
in the presence of BFe3O4NPs. Fluorescence emission/excitation spectra showed no noticeable 
shift of emission/excitation peak position of Hb in the presence of the three nanoparticles. Multi-
ple peak fitting, done for the L-peak of the excitation spectrum of Hb, showed a major increase in 
the percentage of peak area of Tyr in the presence of CFe3O4NPs. Circular dichroism measure-
ment showed that CFe3O4NPs, Fe3O4NPs and BFe3O4NPs  reduced the α-helix content of Hb in 
decreasing order.  

Conclusion: Ground state complex formation of human hemoglobin with the studied nanoparti-
cles with 1:1 stoichiometric ratio is suggested. Moreover, it has been observed that CFe3O4NPs 
may have a stronger interaction with the amino acid group while bare Fe3O4NPs may have a 
stronger interaction with the heme group of Hb. Hinderance  of the energy transfer from tyrosine 
to tryptophan of Hb in the presence of CFe3O4NPs is also suggested. CFe3O4NPs may also have 
some effect on the secondary structure of Hb as indicated through reduction of the α-helix content. 
BFe3O4NPs have shown very weak interaction with Hb in the UV-Visible absorbance spectrosco-
py, fluorescence emission/excitation spectroscopy and circular dichroism experiment. 
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