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ABSTRACT 
 

      A layer of proteins covers the nanoparticles by exposure to the nanoparticles in biological fluids. The phenomenon known as biocorona 

can alter the nanoparticle's specific purpose. Since the usage of nanoparticles in biological issues such as drug delivery, biosensor, and 

photothermal has increased, evaluating nanoparticles' interactions with biomolecules is necessary. Hydrophilic polymers form a layer of 

water molecules that reduces the interaction potential between nanoparticles and biomolecules. In this study, the effects of gold 

nanoparticle morphology (spheres and rods) and surface functionalization (PEG and GSH) on glycosylated serum albumin, a model protein 

in diabetic patients, its secondary structure and chemical stability using circular dimorphism technique were investigated. PEG-AuNPs 

exhibit a larger hydrodynamic radius than GSH-AuNPs due to their large hydrophilic tails. After interaction with the protein, the 

nanoparticles showed less interaction with the protein due to the formation of a layer of water around them that reduces the probability of 

interaction with proteins. The circular dichroism also exhibits that different modified nanoparticles do not significantly influence secondary 

structure. The presence of nanoparticles with hydrophilic coatings, mainly polyethylene glycol with high water retention, reduce protein 

availability from urea in the long run and as a result will increase the ΔGH2O value. 
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INTRODUCTION 
 

      Nanotechnology development causes tremendous 

advances in therapeutics and diagnostics fields. Metal 

nanoparticles show different electronic and optical 

properties in comparison to bulk materials. Quantum 

confinement effects and high surface-to-volume ratio cause 

the unique properties of the nanoparticles [1,2]. 

      Lots of investigation has been done on gold 

nanoparticles. The unique properties of gold nanoparticles, 

such as their optical properties, easy-to-make synthesis 

processes, and surface functionalization, enable them to be 

used in numerous applications like the analytical sensing, 

drug delivery, molecular imaging, and photothermal 

treatment of tumors [3-6].  
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      Gold nanoparticle surfaces easily interact with coherent 

light. As a result, conduction-band electrons oscillate. This 

oscillation depends on nanoparticles size, shape, degree of 

aggregation, and their local environment. Gold nanorod 

(GNR) with the intense adjustable plasmon resonance 

absorbs the light a thousand times more than any organic 

dye, which makes it favorable in biosensing [5,7,8]. 

      By light exposure, GNR shows two-directional electron 

oscillations. Stronger absorption is along with the 

longitudinal band (> 600 nm), and the transverse band is the 

shorter axis one (around 520 nm). The environmental 

parameters can affect intensively on longitudinal band [9]. 

By exposure of nanoparticles to serum or plasma, protein 

corona is formed rapidly around the nanoparticles [10-12]. 

The formation of this nonspecific absorption has mainly two 

reasons: (i) raising in the collective entropy of the proteins 

on the surface of the nanoparticles (ii) nonspecific 

interactions  between  the   proteins  and  nanoparticles [13].  
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The protein corona is a dynamic structure that has two-
layer. The external layer (soft corona) quickly changes with 

the surrounding biomaterial. The inner layer (hard corona) 
is almost constant and irreversible due to covalent 
interaction [14-16]. 
      The kinetic and protein corona composition are 
dependent on a wide range of factors such as characteristic 
properties of the environment (protein composition and 

concentration), physicochemical aspects of nanoparticles 
(surface charge of functional groups, chemical composition, 
morphology), and the exposure time [10,17,18]. Protein 
corona critically affects the nanoparticle bio identity, which 
is distinctive from their synthetic identity [19]. Indeed, the 
attached proteins cover the pristine surface of NPs, exhibit a 

new identification for cell distinction, and result in notably 
changed in vivo fates [20,21]. 
      Therefore, manipulating the nanoparticles’ 
physicochemical properties during their development, such 
as their size, shape, morphology, and surface chemistry, is 
pertinent to improve their safety, efficacy, and control over 

NP-protein interactions [22-24]. In diabetic cases, 52-60% 
of the plasma protein is Glycated Human Serum Albumin. 
HSA regulates the osmotic pressure, mediates lipid 
metabolism, and binds to free radicals. The most critical 
HSA function is transporting various ingredients, such as 
drugs and hormones. Therefore, it is a main protein in the 

research field and has been chosen as a model protein 
[25,26]. 
      This protein has only one polypeptide chain containing 
585 amino acids and most residues are in the alpha-helix 
structure. It has seventeen disulfide bridges, as well. Any 
alterations in the protein structure can hamper its functions 

and causes an immune response [27,28]. Glycation is the 
non-enzymatic process that carbohydrate moieties are added 
to the reactive protein residues. In this process, the Millard 
reaction is done between the carbonyl part of the sugar and 
a specific residue via its free amino group [29-31]. Amadori 
products and Schiff's bases are produced in the early stage 

of glycation. Advanced glycated end products (AGE), 
which represent a wide range of chemical structures with 
different biological properties, are made by additional 
oxidation [32-34]. 

      Coating nanoparticles with an organic layer makes them 

more  long-term  stable  biological  fluids  because  they can  

 

 
overcome the attracting forces occurring between 
nanoparticles. Polymers having functional groups with high 

affinity to gold like sulfhydryl (–SH) and amino (–NH2) 
groups are good stabilizing agents for gold Nanoparticles 
[35,36]. The typical strategy for minimizing the 
nanoparticle surface energy is grafting hydrophilic 
polymers, such as PEG (polyethylene glycol) or PEEP (poly 
ethyl ethylene phosphate), on the nanoparticle surface [37]. 

Hydrophilic polymers provide a highly hydrated shell that 
forcefully decreases the attractive forces between 
nanoparticles and biomolecules.  
      Therefore, hydrophilic polymers such as PEG 
significantly increase the nanoparticle's physical stability 
[38]. Glutathione (GSH) is a tri-peptide (Glu-Cys-Gly) that 

is urgent in oxidative damage to protect intracellular 
components since a hydrophilic interface is formed by two 
free –COOH and a –NH2 group [39-41]. Herein, the 
interaction of gold nanoparticles with different morphology 
(sphere and rod) and surface functionalization (PEG and 
GSH) on glycated human serum albumin, a biological 

protein model in a diabetic individual was studied since the 
influence of the charge, morphology, and surface 
functionalization on nanoparticle efficiency has been 
proved. 
 
MATERIALS AND METHODS 
 
Chemicals  
      HAuCl4·3H2O (99.9%), NaBH4 (99%), ascorbic acid 
(99%), hexadecyl trimethyl ammonium bromide (CTAB) 
(99%), AgNO3 (99%) and glycated albumin were procured 
from Sigma-Aldrich (USA). Anhydrous potassium 
dihydrogen phosphate and dipotassium hydrogen phosphate 

were purchased from (Germany). All experiments were 
carried out in deionized water (DI).  

 
Gold Spherical Nanoparticles and Gold Nanorods 
Preparation and Purification   
      Gold nanorods (AuNRs) were made through seed-

mediated growth methods [42,43]. Add 250 μl of an 
aqueous 10 mM solution of HAuCl4, 3H2O to 7.5 ml of        
a saturated 95 mM cetyltrimethylammonium bromide 
(CTAB) solution and then adding of 600 μl of 10 mM       
ice-cold  NaBH4 aqueous   solution,  the  seed  solution  was 



 

 

 

Interaction of Gold Nanoparticle with Glycated Human Serum Albumin/Biomacromol. J., Vol. 7, No. 3, 103-113, December 2021. 

 105 

 

 
prepared.  
      Then, the solution was shaken for two minutes. The 

tubes were kept at room temperature for about two hours. 
The seed step is followed by the growth step, which is 
briefly explained. 9.5 ml of 95 mM CTAB, 400 μl of 10 
mM HAuCl4.3H2O, 60 μl of 10 mM AgNO3 solutions, and 
64 μl of 100 mM ascorbic acid were added, respectively. 
The tubes were kept undisturbed for 3 h to allow the 

particles growth. The nanorod solution was purified with 
centrifugation (14500 rpm, 5 min). After three rounds of 
centrifuging and washing with deionized water, the 
phosphate buffer (pH = 6.8) was replaced with deionized 
water. 
      Spherical gold nanoparticles (AuNSs) were prepared 

using the protocol described by Fenger et al. in which a            
10 ml mixture of trisodium citrate and HAuCl4 (both with 
0.25 mM concentration) was prepared. 0.3 ml of ice-cold 
NaBH4 (0.1 M) was rapidly added to the mixture of 
trisodium citrate and HAuCl4. The orange-red color of the 
solution indicated the formation of gold seeds S1. 2 h 

incubation time is required to seed preparation. The growth 
solution adds 0.25 mM of HAuCl4 to 0.08 M of CTAB. 
Then 0.1 M of a reductant, ascorbic acid (0.25 ml), and             
5 ml of seed solution S1 were added. By centrifugation at 
14500 rpm for 5 min excess amount of CTAB has been 
separated [44]. 

 
Modification of Nanoparticles Using Thiol 
Compounds  
      In this study, PEG-SH and glutathione having thiol 
compounds were used to modify nanoparticles and were 
covalently grafted to the surface of the Au nanoparticles. In 

the modification approach, a ligand solution (10 × 10-4 M) 
was added into 1 ml of nanoparticles solution (about              
150 nM), and then the resulting solution was stirred for 24 h 
at 4 °C. The excess PEG-SH and GSH were removed via 
centrifugation at 15 000 rpm for about 10 min. The 
successful modification of the nanoparticles was approved 

using different physicochemical techniques.  
      UV-Vis spectroscopy. The modified gold nanoparticles 
were characterized by a UV-Vis absorption 
spectrophotometer (Scinco UV S-2100 LabPro Plus) within 
the 400-900 nm wavelength range.  

      Transmission    electron    microscopy.    The    excess 

 

 
amount of modifier was removed by two rounds of 
centrifugation and re-dispersion in deionized water. The 

diluted sample was deposited and left undisturbed to 
 evaporate the solvent on a carbon-coated copper grid.  After 
that, Transmission Electron Microscopy (TEM) study was 
done with a TE 2000 Zeiss electron microscope.  

      Dynamic light scattering and zeta potential 
measurements. The ζ potentials of modified nanoparticles 

and hydrodynamic diameters of modified GNPs after 
modification and after 2 h interaction with protein solution 
were determined by Malvern Zetasizer Nano series ZS 
instrument, equipped with a HeNe laser operating at               
632.8 nm.  
      FTIR analysis. Samples of modified nanoparticles were 

converted into a dry powder using a lyophilizer (LYSFME-
Snijders scientific). On a NICOLET IR 100 (FT-IR), the 
spectra were recorded and in the 800-3800 cm-1 was 
reported to approve the modification.  
 
Circular Dichroism Spectropolarimetry  
      A determined concentration of protein (2.9 µM) was 
mixed with different nanoparticle concentrations (0-         
0.66 mM). After 1 h incubation at 4 °C, far UV-CD 
measurements were done on JASCO Spectropolarimeter          
(J-715) to trace the conformational change in protein 
induced by different nanoparticles.  

Analyzed data were reported in terms of molar ellipticity [θ] 
based on mean amino acids residue weight (MRW):  
 
      [θ] = θ × 100 MRW/Cl  
 
Where C is the protein concentration in mg ml-1, l is the 

light path length in centimeters and Ѳ is the measured 
ellipticity in degree at wavelength λ [45-47]. 

      Equilibrium unfolding of glycated albumin with 
urea. The experiments of equilibrium unfolding protein 
were done in the presence of modified nanoparticles. In 
studies of protein unfolding in the presence of nanoparticles, 

a series of solutions containing constant amounts of free and 
cross-linked glycosylated albumin were incubated with 
different concentrations of urea (0 to 12 M) for at least 1 h. 
The CD region was then scanned in the far ultraviolet (UV) 
between 200 and 250 nm with a bandwidth of 1 nm. All 
experiments were performed at room temperature (25 °C). 
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      The unfolding free energy was calculated by converting 

the CD UV data to the unfolding free energy (ΔGD) for 

each data point. The equilibrium constant "K" is calculated 

for a given protein concentration. Assuming a two-state 

unfolding mechanism, the urea-induced unfolding curve can 

be used to calculate the free energy of Gibb's stabilization 

(ΔGH20) in the absence of urea by linearly extrapolating the 

ΔGD value to zero urea concentration [48-50]. 

 

RESULTS AND DISCUSSION  
 

Functionalized Gold Nanoparticles Characterization 
      UV-Vis spectroscopy and transmission electron 

microscopy. Figure 1 represents transmission electron 

microscopy image of gold nanoparticles. According to the 

TEM image, the size of the monodisperse GNPs and GNRs 

was assessed to be 15 ± 2 nm and 30 ±  2 (length) and 10 ± 

2 nm (width), respectively.  

      The characteristic plasmonic absorption bands of gold 

nanoparticles were shown in Fig. 2. Their characteristic 

surface plasmon resonance bands after functionalization 

with GSH and PEG were compared as well. A slight 

decrease upon functionalization was observed in the 

plasmonic absorption band intensity of functionalized gold 

nanoparticles. This decrement indicates that the sensitivity 

of the electron oscillation to the surrounding environment 

changes and confirms that the gold nanoparticle 

environment has changed. 

      Dynamic light scattering and zeta potential analysis. 

As electron microscopy of Au nanoparticles needs 

dehydrated samples, and the diameter of modified 

nanoparticles does not exhibit any changes, the DLS 

technique is applied, which is sensitive for the 

characterization of dispersions of nanoparticles and 

nanoparticle-polymer hybrids.  

      Because of the PEG chains' flexibility compared to 

GSH, PEG can reduce the Brownian motion of particles by 

presenting additional frictional drag and decreasing 

nanoparticle diffusivity compared with GSH-AuNPs 

[51]. The validation of loading of PEG and GSH on the 

AuNP surface can be proved via the zeta potential and 

dynamic light scattering measurements. For the positively 

charged CTAB-capped  gold  nanospheres  (CTAB-AuNSs)  

 
 

Fig. 1. TEM image of (TEM 2000 ziess) the purified (A) 
GNPs and (B) GNRs. 
 
 

 

 
Fig. 2. Representative absorption spectra of (A) gold 
Nanospheres, (B) gold Nanorods dispersed in 10 mM 
phosphate buffer, pH 6.8; CTAB-gold Nanoparticles (blue 
line); PEG-gold Nanoparticles (gray line); and GSH-gold 
Nanoparticles (orange line).  
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and gold nanorods (CTAB-AuNRs), the zeta potential 
values were 16.33 and 20.8, respectively. As it can be seen 
in Table 1, after functionalizing with PEG and GSH, this 
parameter becomes near negative values because PEG has 

long hydrophilic chains with a neutral charge and GSH in 
pH = 6.8 has a negative charge (PEG-AuNS: -11.98, PEG-
AuNR: -14.3, GSH-AuNS: -8.05, PEG-AuNR: -22.42). 
Before and after functionalization with PEG and GSH, 
measuring the mean hydrodynamic diameters of CTAB-
AuNPs was done. 

      According to Table 1, upon functionalization, the 
hydrodynamics radius values of functionalized 
nanoparticles increased due to the presence of hydrophilic 
chains which attract water molecules. This increment 
represented that in modified nanoparticles the ζ potentials 
and the hydrodynamic diameters were completely different 

comparing to those of unmodified nanoparticles, which 
confirms the GNPs successful modification of nanoparticles 
with thiol compounds. 
      After successful nanoparticle modification and 
interaction with a protein solution, the modified 
nanoparticles' hydrodynamics radius did not significantly 

change, indicating lesser interaction with protein. This result 
demonstrates that coated nanoparticles with hydrophilic 
polymers interact with proteins lesser than CTAB-AuNPs 
(Table 2). 
      FTIR analyses. To confirm the modification of 
nanoparticles with PEG and GSH, the FTIR spectrum was 

recorded. The IR spectrum of free GSH and PEG reveals the 
presence of mercapto groups in 2530-2660 nm-1. As shown 
in Fig. 3, the mercapto groups in the FTIR spectrum of GSH  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. The Hydrodynamic Radius of Different 

Nanoparticles before and after Exposure to the Protein 

Solution. The Protein and Nanoparticle Concentrations are 

2.9 µM and 150 µM Respectively 

 

 

 

 

 

 

 

 

 

 

 

and PEG disappeared in that of GSH-AuNPs and PEG-

AuNPS. This fact indicates that the binding of PEG and 

GSH to nanoparticles was done via mercapto groups, and 

the GNPs were successfully modified with thiol 

compounds.  

 

Secondary Structure of Glycated Human Albumin  
      Circular Dichroism (CD) is a beneficial method to detect 

some conformational alterations in the structure of 

macromolecules [52,53]. For glycated HSA at pH 7.0 two 

negative minima in the ultraviolet region at 208 and 222 nm 

were observed in the CD spectrum, which represents an α-

helical structure of the protein [54]. Analysis of the far-UV 

CD spectrum of glycated albumin confirms mixed α/β type 

secondary structures.  

Table 1. Different Nanoparticles' DLS and Zeta Potential before and after Functionalization with 100 mM 

Glutathione and PEG Concentrations 

 

Zeta potential 

(mv) 

Hydrodynamic radius 

(nm) 

pdI 

 

 

16.32 33.6 0.18 CTAB-AuNSs 

-8.05 37.44 0.21 GSH-AuNSs 

-11.98 284.73 0.32 PEG-AuNSs 

20.08   CTAB-AuNRs 

-22.42   GSH-AuNRs 

-14.30   PEG-AuNRs 

 

System Hydrodybamic radius 

(d nm) 

CTAB-AuNSs 76 

(CTAB-AuNSs)pr 55.98 

PEG-AuNSs 288.73 

(PEG-AuNSs)pr 288.28 

GSH-AuNSs 61.12 

(GSH-AuNSs)pr 60.61 
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Fig. 3. Representative FTIR spectra of (A) gold 
Nanospheres, (B) gold Nanorods; ctab-gold Nanoparticles 
(blue line); PEG-gold Nanoparticles (gray line); and GSH-
gold Nanoparticles (orange line).  

 

 

      In Fig. 4 far-UV CD spectra of glycated human albumin 

without and in the presence of different gold nanoparticles 

are shown, demonstrating the specificity of the interaction 

of a chiral molecule with polarized light. The characteristic 

peaks of 208 and 222 nm, can be explained by the π→π* 

and n→π* (respectively) transition of the peptide bond, 

which is representative of protein compactness. After 

adding nanoparticles, the peaks showed gentle changes, 

indicating a mild significant change in protein secondary 

structure and helical content. 

 

 

      Equilibrium unfolding of glycated albumin with 
urea. Changes in the secondary structure were used to 

determine the equilibrium constant (Keq) for the folding-
unfolding reaction to study protein unfolding by urea. Far-
UV CD analysis was carried out to assess the effect of 
modified nanoparticles on changing the protein structure 
induced by urea.  
      Based on the denaturant concentration, urea in this study 

can render a protein to be either fold or unfold. The 
folded/unfolded fraction of protein is determined [55,56].        
Figure 5 shows the impact of increasing urea concentration 
on the molecular ellipticity at 222 nm by assuming a two-
state model (nature and denature states). The molecular 
ellipticity was reduced from 2.0 M to 8 M and a complete 

around 12 M urea, illustrating an unfolded protein.  
      For the folding-unfolding reaction, the equilibrium 
constant (Keq) was calculated by analyzing the sigmoidal 
curves. Protein stabilities in the presence of each 
nanoparticle could be obtained by calculating the 
equilibrium constant in different denaturant concentrations, 

representing changes in the unfolding energies.  
      Figure 6 shows the Gibbs free energy changes plotted 
versus different denaturant concentrations. The m-value is 
calculated via the slope of the linear plots which reflects the 
difference in the accessible surface area between the 
unfolded and folded state of the protein. The bigger this 

value, the higher the degree of structural stability [42]. 
      As can be seen in Table 3, the m-value of protein in the 
presence of modified nanoparticles increases. Comparing 
the m-value between PEG-(gold Nanoparticles) and GSH- 
(gold Nanoparticles) revealed that PEG can increase this 
parameter more than GSH in both nanorods and 

nanospheres. 
      Gibbs free energy (ΔG) was calculated to investigate the 
conformational stability of glycated albumin. The free 
energy change is, therefore, a reliable indicator of the 
spontaneity of a process. In the absence of denaturant 
(ΔGH2O), the far-UV CD was utilized to calculate the 

Gibbs free energy which is the indicator of the 
conformational stability of the protein (Table 3).  
      As seen in Table 3, for the modified gold nanosphere in 
the absence of denaturant, the Gibbs free energy increases, 
which is an indicator of the stability of the protein in          
the presence of a modified gold  nanosphere  with  PEG and  
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Fig. 4. Far-UV CD spectra of glycated albumin in 0.01 M potasium phosphate buffer, pH 6.8. in different (A) ctab-gold 

nanosphere; (B) PEG-gold nanosphere; (C) GSH-gold nanosphere; (D) CTAB-gold nanorod; (E) PEG-gold nanorod; 

(F) GSH-gold nanorod concentrations (0-0.66 mM). The protein concentration is 2.9 µM. 
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Fig. 5. the effect of urea concentration on molecular ellipticity at 222 nm of (A) glycated albumin; (B) glycated 
albumin-GSH-AuNSs; (C) glycated albumin-PEG-AuNSs; (D) glycated albumin-PEG-AuNRs; (E) glycated albumin-

GSH-AuNRs. The protein and nanoparticle concentrations are 2.9 µM and 150 µM respectively. 
 



 

 

 

Interaction of Gold Nanoparticle with Glycated Human Serum Albumin/Biomacromol. J., Vol. 7, No. 3, 103-113, December 2021. 

 111 

 

 

 
Fig. 6. Thermodynamic analysis of unfolding data. 
Unfolding free energy change in (red line) glycated 
albumin; (gray line) glycated albumin-GSH-AuNSs; 
(yellow line) glycated albumin-PEG-AuNSs; (dark blue) 
glycated albumin-PEG-AuNRs; (blue line) glycated 
albumin-GSH-AuNRs is plotted versus different denaturant 
concentration. The protein and nanoparticle concentrations 
are 2.9 µM and 150 µM respectively. The urea 
concentration increases from 0 to 12 M. 

 
 

Table 3. Thermodynamic Parameters of AuNRs-glycated 

Albumin and AuNSs-glycated Albumin. The Protein and 

Nanoparticle Concentrations are 2.9 µM and 150 µM 

Respectively 

 

 

GSH. In the case of the gold nanorod, both modified 

nanorods increase the protein chemical stability, but the 

PEG-AuNRs increase the protein stability to a greater extent 

than GSH-AuNRs. 

 

 
CONCLUSION 
 
      Gold nanostructures with PEG and GSH 

functionalization show distinct changes in the stability and 
structure of glycated HSA. CD data showed that 
nanoparticles modified with hydrophilic polymers induced 
slight conformational changes in the protein secondary 
structure and the protein retained most of its helical 
structure. Variation in protein stability based on the free 

energy of unfolding was in the order HSA-GSH-AuNSs > 
HSA-PEG-AuNRs > HSA-PEG-AuNSs > HSA-GSH-
AuNRs. PEG-AuNPs exhibited higher hydrodynamic values 
comparing to CTAB-capped and GSH-capped counterparts.  
 Although the presence of nanoparticles affects the 
secondary structure of the protein to some extent, incubating 

the protein with 0.15 mM nanoparticles prior to adding 
different concentrations of urea increases the ΔGH2O 
parameter. The presence of nanoparticles with hydrophilic 
coatings, especially polyethylene glycol with higher water 
retention, prevents urea from reaching the protein ultimately 
and thus increases the ΔGH2O value. This research gives us 

in-depth insights into the interaction of different 
nanoparticles and the most abundant protein in diabetic 
blood, glycated albumin. This investigation showed that 
changing the morphology and surface-coated nanoparticles 
can create a system with the slightest interaction with 
biological macromolecules. The DLS data after interaction 

with proteins confirm that modified nanoparticles interact 
lesser than CTAB-AuNPS. 
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