
International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                                   Spl. Issue-2 Feb.-2016 

Optimization of Bovine Serum Albumin Fibrillation by Congored Spectrophotometry For Using as A New Bio-Nanomaterial 
 

59 

OPTIMIZATION OF BOVINE SERUM ALBUMIN FIBRILLATION BY 
CONGORED SPECTROPHOTOMETRY FOR USING AS A NEW BIO-

NANOMATERIAL  
 

1AMIR ARASTEH, 2MARZIEH RASHVAND, 3AZADEH EBRAHIM HABIBI, 4MEHRAN HABIBI 
REZAEI, 5ALI AKBAR MOOSAVI MOVAHEDI 

 
1Department of Microbiology, Rasht Branch, Islamic Azad University, Rasht, Iran  

2Department of microbiology, falavarjan Branch, Islamic Azad University, falavarjan-Esfahan, Iran 
3Endocrinology and Metabolism Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran 

University of Medical Sciences, Tehran, Iran 
4Protein Technology Research Lab (PBRL), School of Biology, College of Science, University of Tehran, Tehran, Iran 

5Institute of Biochemistry and Biophysics, University of Tehran, Tehran, Iran 
E-mail: 1arasteh@iaurasht.ac.ir 

 
 
Abstract— Aim and Background: Amyloids are fibrilar protein structures produced from aggregation of proteins and 
peptide together. In recent years, amyloid fibrils are being considered as new experimental nanomaterials and from this 
perspective, increased levels of amyloid proteins can be desirable. In this study, the fibrillation of bovine serum albumin 
(BSA) as a model protein is optimized. 
Materials and Methods: Different concentrations of protein were subjected to different pH and temperature and amount of 
amyloid fibrils were detected by spectrophotometric Congored binding assay. This dye can integrate to fibrous amyloid 
structures and change the absorbance and λmax of fibrillated protein comparison to native form. 
Results: In this research, effect of four variables include temperature, pH, time of incubation and protein concentration was 
investigated on fibrillogenesis and results were confirmed by Congored spectrophotometric method as λmax and absorbance 
in λmax (Aλmax) accompanying with transmission electron microscopy. The optimum condition for fibrillogenesis was 
specified in 5 mg.ml-1 of protein and buffer pH of 3 after 72 hour incubation in 70ºC. 
Conclusion: simple Congored spectrophotometric method could be used as primary test for evaluating protein nanobiofibrils 
and absorbance in λmax is introduced as a valid indicator in this way.  
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1. INTRODUCTION 
 
In protein aggregation, normal monomeric or small 
oligomeric molecules bind together to form bigger 
protein particles which may be soluble or precipitate 
gradually because of high molecular weight [1]. The 
Amyloid word was used for first time by german 
physicist Rudolph Virchow, for nominating fibrous 

deposits in affected brain tissue. Unbranched, fibrillar 
structures with 7-12 nm in diameters is demonstrating 
by Electron microscopy. More accurate studies in this 
case was done by ohnishi etal on different six kind of 
fibrils, demonstrating cross beta containing 
protofilaments in all the fibrils [2]. Fig. 1a shows 
representative structure of amyloid fibers denoting 
direction of Congored binding between β-strands.  

 

 
Fig. 1) (a) schematic structure of amyloid fibrils, representing the direction of Congored binding (b) Congored spectrum for control 

(––) and optimum fibrillogenesis condition (….) from bovine serum albumin 
 

The fibrillogenesis process follows a specific pattern. 
Various spectroscopic, microscopic and compounds 
that specifically bind to the fibrils can be used to 
determine amyloid fibers. Congored one of the 

organic compounds capable of crosslinking with 
crossing structures of amyloid and enhance the λmax 
of the dye Congored absorbance. However, the red 
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shift, usually associated with an increased rate of 
absorption.  
Serum albumin is a protein that most research has 
been done about it. The protein is the most plasma 
protein and with concentration about fifty mM. 
Albumin is responsible for regulation about 80% of 
blood osmotic potential. Albumin is the most 
important factor in blood pH stability and also 
carriers of many metabolites in plasma and In terms 
of thermal stability, the protein is relatively resistant. 
When BSA is heated, the protein denatures in two 
steps. The first step is reversible and can be seen at 30 
to 65 °C. The second stage of the process occurs at 
temperatures above 65 °C and is irreversible. At this 
temperature, the secondary structure of the protein 
and its hydrogen bonds are undergoing changes. At 
temperatures higher than 65 °C, unwinding the 
protein is irreversible. In this temperature range, new 
disulfide bridges may be developed between free 
cysteine amino acids. Among the reasons for 
selecting the protein as a protein source used for 
fibrillation, one is that the spherical structure which 
could be identified easily by fibrillation and the other 
is low cost and availability of the protein. 
fibrilliogenesis in protein bovine serum albumin was 
studied in different states of various temperatures and 
pH. At room temperature and low pH, Protein 
changes to a manner like molten globule, exposing 
the internal hydrophobic regions. Increase in protein 
concentration can induce fibrils bind together via 
their first structural domains as cross beta structures. 
At high temperatures, a conformational conversion 
from alpha helix and random coil occur to a rich β-
amyloid structure that goes on to form a mature 
amyloid structure. Several studies have examined the 
effect of temperature and pH on the formation of 
BSA amyloid aggregates. In these studies, the pH in 
the range between 1 to 4.7 and different temperatures 
(40 to 80 °C) are considered. High temperatures 
cause the chemical assembly of proteins, for example 
formation of covalent oligomers in insulin and other 
and polymers occurs at temperatures over 25 °C. It 
may even change the relative composition of the 
secondary structure and alters behavior of 
aggregation process. Amount of pH in solution 
dictate the type and distribution of protein surface 
charge. In very high or very low buffer pH, the 
proteins are heavily charged. This charge cause 
repulsive interactions in internal parts and surface of 
proteins, make them to be unfolded. The main goal of 
this research is to recognize fibers structure and either 
investigation of optimum condition for bovine serum 
albumin (BSA) fibrillation in order to introduce them 
as a new bio nanomaterial.  
 
II. MATERIALS AND METHOD 
 
2.1. Materials 
Thioflavin T, Congored and sodium azide was from 
Sigma-Aldrich (St Louis, MO, USA), Bovine serum 

albumin, Coomassie brilliant blue, glycine and other 
essential salts was purchased from Merck (Merck-
Germany-Darmstad) and 0.22 and 0.45 filter papers 
prepared from milipore.  
 
2.2. Preparation of Buffers and solutions 
Mixed Citrate, phosphate–glycine Buffer  
A stock solution of 0.1 M Citric acid and 0.2 M 
K2HPO4 and 50 mM glycine solution was mixed by 
special proportions in distilled water in order to 
prepare different buffer pH from 1–7.4. pH values 
was finally adjusted separately [3]. In order to avoid 
microbial contamination, a 0.05% sodium azide 
solution was added and after passing through the 0.22 
filter paper, the solution was stored in dark glasses at 
4° C.  
 
Mixed Citrate–phosphate buffer  
Different proportions of 0.1 M Citric acid and 0.2 M 
K2HPO4 was mixed in distilled water to prepare 2.6–7 
buffer pH and finally, the pH amounts was adjusted 
separately. The buffer preserved by 0.05% sodium 
azide solution [3].  
 
Congored Buffer 
The dye was solved in phosphate buffer saline (PBS) 
containing 140 mM NaCl, 2.5 mM KCl, 10 mM 
Na2HPO4 and 2 mM KH2PO4 to final concentration of 
20 µM, adjusted the pH at 7.4 and passed from 0.22 
filter paper and stored at 4 °C in dark glass.  
 
Bovine Serum Albumin solution and determining the 
concentration  
The solution is prepared by gently agitation of BSA 
in distilled water. In order to maximum Maximum 
reliability of the protein concentration and because of 
high purity, very sensitive Bradford assay was used 
for protein determination.  
 
Induction of amyloidogenesis in BSA 
Five different amounts of four variables containing 
protein concentration, pH, temperature and time of 
incubation were considered for preparing amyloid 
fibrils. This means that each of 1–5 mg.ml-1 of 
protein concentration was solved in Citrate–
phosphate buffer, pH from 1–7.4 and incubated 
separately in 40–80 °C water bath with gently 
agitation in 100 rpm for 0, 24, 48 and 72 hour. 
Accordingly, various conditions for fibrillogenesis 
were examined after elapsed time. Samples were 
stored in –80 °C before Congored spectroscopy.  
 
Congored spectroscopy 
For this purpose, 500 µl Congored buffer was mixed 
with 25 µl sample protein solution in a 0.5 ml test 
tube agitating for 10 minutes in laboratory 
temperature in order to fixation of dye. The spectra 
were measured by Shimadzu UV-1800 
Spectrophotometer, against Congored buffer from 
400–600 nm. Data was saved and analysed for 
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determining λmax and absorbance in λmax by EXCEL 
software. In this range, the Congored molecule has 
maximum absoption in 485 nm but by formation of 
amyloid structure, it can be rises up to 500 nm. 
Chemical structure of Congored is shown in fig. 1b.  
 
III. RESULTS 
The maximum wave length (λmax) and absorbance in 
maximum wave length (Abs. in λmax) was determined 
after 0, 24, 48 and 72 hour and changes was graphed 
against wave length. The effect of protein 
concentration, temperature, pH and time were 
examined and results were graphed as λmax and Abs. 
in λmax against time of incubation.  
 
3.1. fibrillogenesis by change in protein 
concentration  
For investigating the effect of concentration, 
temperature and pH, in each case, it is essential that 
two other variables to be considered as fixed 
parameters. In this research, changes in protein 
concentration were determined in Optimum 
conditions of fibrillogenesis, at fixed 70 °C and pH 3. 
As shown in Fig. 2a,b and c, the process of fibril 
formation in the different concentrations of protein 
shows an upward trend and the process increases by 
concentration, the more quickly it takes, so that the 
highest amounts of fibrils was produced in 5 mg.ml-1 

(in λmax plot). Similar template was observed in Abs. 
in λmax plot.  
 

 

 

 
Fig. 2) Changes in protein concentration (mg.ml-1) after 72 h in 

optimal conditions (70 °C and pH 3) of fibrillogenesis (a), 
monitoring the fibril formation process in 70 °C and pH 3 as 

change in λmax (b) and Abs. λmax (c) in different protein 
concentration. 

 
3.2. fibrillogenesis by change in buffer temperature   
The effect of temperature on fibrillogenesis was 
determined in 5 mg.ml-1 protein concentration and 
pH=3 (optimal conditions for fibrillogenesis). A wave 
scan spectrum for each temperature after 72 h was 
shown in Fig. 3a and changes against λmax and Abs. in 
λmax was shown in Fig. 3b and c, respectively. As the 
temperature increases, the amount of red shift and the 
absorption rate is higher as the highest peak in the 
spectrum is related to 70 °C. The process of fibril 
formation at different temperatures in 5 mg.ml-1 
protein concentration and pH=3 shows similar 
patterns. As the highest formation of amyloid fibers 
after 72 hours can be seen at 70 °C in the λmax graph 
and the same situation exists in Abs. in λmax graph.  
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Fig. 3) Changes in temperature after 72 h in optimal conditions 
(5mg.ml-1 and pH 3) of fibrillogenesis (a), monitoring the fibril 

formation process in optimal condition as change in λmax (b) 
and Abs. λmax (c) in different temperatures. 

 
3.2. fibrillogenesis by change in buffer pH    
In this research, the effect of pH on fibrillogenesis 
was determined at 70 °C and in 5 mg.ml-1 protein 
concentration (optimal conditions for fibrillogenesis) 
that wave scan spectrum for each pH is demonstrated 
after 72 h in Fig. 4a and changes against λmax and 
Abs. in λmax is shown in Fig. 4b and c, respectively. 
As demonstrated in Figures, by increasing pH, the 
amount of red shift and the absorption rate is higher 
until pH 3 and the highest peak in the spectrum 
belongs to pH 3 while then belongs to pH 7.4 and 2 
respectively. The similar pattern can be seen in the 
process of fibril formation.  

 

 

 

 
Fig. 4a) Congored pectrum for bovine serum albumin at 

different pHs, after 72 h in optimal conditions (5mg.ml-1 and 70 
°C) of fibrillogenesis (a), monitoring the fibril formation 

process in optimal condition as change in λmax (b) and Abs. λmax 
(c) in different pHs. 

 
IV. DISCUSSION 
 
Because of biotechnology and pharmaceutical 
applications in the production of protein products and 
also their involvement in various diseases, the protein 
aggregation process is studied in a wide range. In 
addition, now realizing that amyloid fibers can be 
used in a variety of nanoscience such as carbon 
nanotubes, the importance of the process is 
hundredfold [4-7]. Moreover, these very complex 
structures with anomalous effects on various cellular 
factors have created many questions in the minds of 
scientists. These cell abnormalities eventually can 
cause various diseases such as Alzheimer's and 
Parkinson's disease. The remarkable thing is that 
most scientists believe that environmental factors are 
involved in changing from natural protein to 
pathogenic structures and only a small percentage of 
neurological diseases are the result of genetic 
changes. In this way, investigation of the mechanism 
of fibril formation is very effective for finding ways 
for development effective treatments and even 
prevention [8-9]. In this section we discuss the 
process of forming amyloid aggregates and the 
effects of various factors on this process will be 
examined.  
 
Investigation of amyloid fibril formation process 
The overall goal of this part of the study was to assess 
the ability of all α protein called bovine serum 
albumin to form structures rich of β sheets in 
different situations and optimization of the process. In 
various studies, different conditions were used for the 
formation of amyloid aggregates in bovine serum 
albumin. In this study the formation of amyloid 
protein under varying conditions, temperature, pH 
and time were used to examine the effect of each one 
separately. Because of changing protein net charge in 
acidic pH, this range of pH was used. According to 
the bovine serum albumin pI 7.4, the protein net 
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charge is positive in the acidic range of pH. As a 
result, the repulsive forces arise between different 
parts of the protein, leading to a partial opening of the 
tertiary structure. The pH changes can not cause such 
as guanidine hydrochloride opening the 3D structure 
of proteins. Partial opening of the protein structure 
known as an unstable intermediate, that is why, this 
intermediate parts interact with one another to change 
into pre-fibrillar structures and eventually into fibrils 
that are more stable structures. It should be noted that 
the positive charge repulsion at low pH is not enough 
to prevent the formation of the forces and interactions 
in proteins as the hydrophobic forces that play 
fundamental role can do. Many proteins are highly 
unstable at low pH to the extent that their structure 
largely destroyed. Bovine serum albumin is stable 
protein and the use of low pH alone does not change 
mainly its structure and could not induce amyloid 
formation, so in addition high temperatures are 
commonly used to creating effective opening in 3D 
structure of protein. However, at temperatures above 
60 °C and low pH, there is a possibility of a fracture 
in the polypeptide chain which led to the emergence 
of various parts of the protein [10]. Formation of 
these intermediate is associated by increasing the 
hydrophobic nature of the surface protein which leads 
to spontaneous aggregation of the protein [11]. 
Previous studies on bovine serum albumin were 
shown that the melting temperature is 59 °C. This 
affects the opening process in the protein structure 
and can accelerate the aggregation process. The 
method of stirring the solution or lack of it, during the 
formation of aggregates, can changes structure of 
amyloid fibrils as stirring the solution reduces the 
time required for fibril formation. The reason may be 
more likely association of intermediates involved in 
kinetics of amyloid formation process but no solution 
stirring causes to create longer and thicker fibrils.  
In this research, the effect of both pH and temperature 
were investigated simultaneously and more over, the 
effect of different temperatures in physiological pH 
and different buffer pH in physiological temperatures 
has been studied. This means that we investigate the 
effect of pH and temperatures separately on the 
fibrillogenesis process. Is the temperature alone, 
regardless of the pH factor is able to create amyloid 
fibers? Or is the pH factor alone leads to the 
formation of the amyloid fibrils? To answer this 
question the Congored method was used and found 
that simple incubation at physiological pH, but in 
high temperatures, is sufficient to induce amyloid 
aggregates. Protein aggregates that are obtained from 
this case has certain characteristics that make them 
distinct from classic fibrils [10]. First, they show very 
slightly red shift compared with a variety of Aβ 
fibrils and second, their structure is free from 
protease resistant cores and unlike the Aβ fibrils and 
β2-microglubolin and lysozyme, they divided into 
smaller pieces in the presence of proteases. Third that 
they are much narrower and longer and more 

rambling compared with classic fibrils and finally 
there is no lag phase in their aggregation process [10].  
 
Fibril formation process in different protein 
concentration, pH and temperature 
In Fibril formation process, in each case, by 
considering of two other factors to be fixed 
simultaneously, changes in one of variable could be 
subjected to exact and rational investigation. The 
Congored spectrophotometric method results have an 
increase in λmax amounts as the protein concentration 
increases from low to high. This suggests that the 
protein concentration as one of the main factors 
directly stimulates the formation of amyloid 
aggregates. The absorption in maximum wavelength 
obtained from Congored spectrophotometry is 
considered as an important factor representing the 
fibril formation. Same results obtaining from Abs. in 
maximum wavelength is also indicating that the 
protein aggregation process is dose-dependent and 
because of the assemblies formed by intramolecular 
interactions, increasing concentrations of many 
proteins, thereby increasing the concentration of 
protein aggregation. Increasing the protein 
concentration by raising the chance encounter 
intermediates to each other is also increased protein 
aggregation [12]. In fact, in high concentrations of 
protein, macromolecules populations increases and 
occupy a high volume and thereby the chance 
encounter with them also rises.  
For investigating the temperature changes, protein 
concentrations and pH was also fixed at their 
optimum values. The temperature is considered as the 
most effective factors in the formation of protein 
aggregates, therefore changes in temperatures directly 
affect the fibrillogenesis process. Usually proteins 
lose their folding at high temperatures and exposure 
of hydrophobic residues in protein can create protein 
aggregation. Rising temperatures increase the 
frequency of molecular collisions and thereby speed 
up the formation of protein aggregates [13]. 
Moreover, rising temperature through changes in 
protein structure causes increasing in intermolecular 
hydrophobic interactions and rising probability of 
forming aggregation. High temperature are also 
causes chemical changes in proteins, and these 
changes may also alter the proportional composition 
of secondary structures and change the behavior of 
assembly process [14]. Higher temperatures can 
directly affected the 3D structure of polypeptide 
chain in the third and fourth levels and creating 
aggregate forming intermediates. The accumulation 
of induced aggregates in this study can be seen at 70 
°C. This approve the fact that temperatures near Tm 
of protein (59 °C) or slightly above it, are specifically 
beneficial for induce protein aggregation. Amounts of 
λmax and Abs. in λmax confirm this fact. Extremely 
increase or decrease of buffer temperature can 
reduces the possibility of observing morph amyloid 
structures, as in very high temperatures (80 °C), the 
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aggregates are unstable and in lower temperatures 
(40–50 °C), peptides and proteins are still at their 
amorph structure [15]. However, the protein and its 
structural stability also is very importance. For 
example in proteins such as β-lactamase [16] and coat 
protein of P22 phage [17], temperatures over 35 °C 
induces protein aggregation.  
In a protein solution, change of temperature can 
directly affect the level of vibrations in 
macromolecular bands (essential for inducing 
aggregation in protein) and thereby causing the 
formation of amyloid aggregates [18]. Some proteins 
such as Bovine serum albumin, aggregate simply at 
room temperature. Results demonstrating that 
temperatures higher than physiological level, usually 
accelerate protein aggregation [19]. This is due to 
reducing activation energy, induction of hydrophobic 
interactions, increasing permeability and also 
collision frequency of protein molecules. In fact, the 
activation energy of aggregation process is amount of 
energy that is necessary for the formation of 
intermediates and temperature as an inducing factor 
can reduce the activation energy.  
 
In the case of changing buffer pH, the study was done 
at fixed amounts of temperature and protein 
concentration. Since the pH of the solution, 
determines the type and distribution of surface charge 
it can have an important role on protein aggregation 
behavior thorough charge distribution in surface 
protein and affecting the electrostatic intra molecular 
interactions [20]. Therefore pH has a key role in 
protein aggregation process.  
 
In theory, the stability of proteins in the pI minimizes 
due to reduced electrical repulsion but recent results 
suggest that close to pI still significant interactions 
also can be created between proteins [21] and usually 
many protein aggregates near to their pI as in the case 
of BSA. In isoelectric point of BSA (4.7), results 
from Congored spectroscopy show minimum 
amounts of aggregates, so it seems that there can be 
still large amounts of interactions remains in the pI. 
In very low pH such as 3, in the case of BSA, 
proteins are heavily charged. This charge density in 
the surface of protein, increases the repulsive and 
intermolecular interactions and finally lead to 
formation of amyloid aggregates.  
 
amyloid formation in pH 7.4 is also high which is due 
to multiple effects of pH on protein itself and 
surrounding buffer. However, the effect of 
temperature should be further considered on this 
range of pH, because it needs to higher temperatures 
compared with pH 3. This shows the inadequacy of 
the higher pH for the formation of amyloid or at least 
less ability of pH in this process. However, the 
amount of red shift observed in Congored 
spectroscopy can not to be attributed only to 
temperature and other factors such as the structure of 

the protein should be considered. Thus, even at 
physiological pH and temperature we could see the 
formation of amyloid aggregates.  
 
Fibril formation process at physiological pH and 
temperature 
Basically, the ability of a protein to form a regular 
series of cross-beta structure is related to the nature of 
the amino acid is participating in its main chain and is 
independent to the normal structure protein. So when 
we see that a simple protein than other proteins is 
fibrillated, it is possible to be faced with conditions 
which make the natural structure of protein 
sufficiently unstable to form beta sheet rich structures 
[10]. Such conditions are likely to be viewed in large 
multi-domain protein such as bovine serum albumin, 
which frequency of alpha structures able to prevent 
access beta areas to each other. In this study, we 
observed that simple incubation at physiological pH 
and high temperatures is sufficient to induce 
aggregation. This observation was confirmed by 
Congored spectroscopy and Transmission electron 
microscopy (TEM) which confirms the innate ability 
of BSA to form aggregates of amyloid. It seems that 
in the case of a large protein such as bovine serum 
albumin, presence of alpha domains act as a steric 
hindrance against creation more regular β sheet 
structures and hold the aggregates in the early stage. 
Fig. 1b shows the structure of the Amyloid fibers 
derived from bovine serum albumin before and after 
incubation using TEM. 
 
At physiological temperature, due to the many bonds 
which stabilize protein structure, formation of 
amyloid structure lowers but at the same protein 
concentration as a factor affecting the kinetics of 
aggregation, plays its role. It seems that more of 
protein aggregates which created in relatively stable 
conditions, are structures that interact with the natural 
form of protein and permanently create the minimum 
amounts of aggregates in the environment.   
 
CONCLUSIONS 
 
For final conclusion, the amount of red shift observed 
in Congored spectroscopy can not to be attributed 
only to temperature and other factors such as the 
structure of the protein should be considered. 
Furthermore, the simple incubation at physiological 
temperature, but low pH can also be sufficient for the 
induction of amyloid aggregation and the more 
interesting is that the process of formation of amyloid 
aggregates could be achieved even at physiological 
pH and temperature. The reason could be seen in the 
nature of fibrils and structure of protein.  
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