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Bovine serum albumin and fibrinogen attachment on aluminosilicate samples with biomedical potential was tested as major 
plasma proteins which are adsorbed on the surface of blood contact biomaterials. The samples were incubated for 2 hours 
in simulated body fluid with bovine serum albumin and buffered fibrinogen solution. Proteins attachment on the surface of 
the investigated samples is reflected by the presence of the N 1s photoelectron peak and by the modification in the C 1s 
core-level signal in the XPS spectra of the samples treated with protein solution. The results obtained from FTIR analysis of 
amide I vibrations were correlated with the secondary structure of the proteins attached on investigated sample surface.  
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1. Introduction 
 
The study of protein-material surface interactions 

represents one of the most important topics in the field of 
biomaterials for several decades [1]. The reason for the 
great interest in this topic is due to the fact that protein-
surface interactions are fundamentally responsible for the 
biocompatibility of medical devices, because when a solid 
material comes in contact with a fluid that contains soluble 
proteins, e.g., blood, interstitial fluid, cell culture media, 
proteins rapidly adsorb onto the surface of the material, 
saturating the surface within a time frame of seconds to 
minutes [2]. Protein adsorption and subsequent changes in 
their conformation are primary interactions of a biological 
environment with foreign surfaces [3].  When living cells, 
which are much larger than proteins and thus much more 
slowly moving, approach the biomaterial surface, they do 
not actually contact the molecular structure of the material 
surface itself, but rather they contact and interact with the 
molecular structure of the adsorbed protein layer. The cells 
perceive their surrounding by means of membrane 
receptors that can bind to specific bioactive features 
presented by the adsorbed proteins, and these receptor-
protein binding events determine the cells response. The 
cellular response can be controlled by the adsorbed layer 
of proteins  [4, 5]. 

Albumin and fibrinogen are two main components of 
blood plasma. The  ratio between human serum albumin 
and fibrinogen is normally 10:1 [6]. The attachment of 
these proteins on the surface of blood contact biomaterials 
strongly affect their biocompatibility [7, 8]. Albumin is a 
globular protein, has the molecular mass of 67 kDa, and is 
the predominant plasma protein, making up 60-70% of 
plasma [9]. In human serum the albumin is present at 
concentrations in the range of 35 to 45 mg/ml [10] and it 
has been found that its adsorption on surfaces inhibits 
thrombus formation [11, 12]. Albumin is generally 
considered to passivate the surface and greatly reduce the 

acute inflammatory response of the biomaterial [13].  
Fibrinogen is a 340 kDa dimeric fibrous protein and its 
normal concentration in human blood is in the range of 2 
to 4 mg/ml [14]. Fibrinogen adsorption is one of the initial 
events that occur when biomaterials come into intimate 
contact with blood [15]. Therefore, the tendency to adsorb 
fibrinogen appears to be an indicator of biocompatibility.  

The aluminosilicate glass ceramics are highly stable in 
the body and by addition of iron and yttrium oxides they 
could be optimised for hyperthermia and radiotherapy 
applications [16-21]. The modifications on the surface of 
biomaterials are expected to ensure the biocompatiblity 
and stability against defence system of the body, 
permitting their long term maintenance in organism.  

X-ray Photoelectron Spectroscopy (XPS) yields 
information concerning the atomic composition and 
chemical environment of the first 2-10 nm layer of a 
material surface and can accurately determine the surface 
coverage. Fourier Transform Infrared Spectroscopy 
(FTIR) is one of the most used techniques for studying 
protein secondary structures. 

The present study aims to investigate the interaction 
of bovine serum albumin and fibrinogen with an 
aluminosilicate system containing iron and yttrium, for 
further biomedical applications.  XPS and FTIR 
spectroscopy were used to investigate the proteins 
adsorption after 2 hours of sample immersion in vitro in 
protein solutions. 

 
 
2. Materials and methods 
 
Bovine serum albumin (BSA, fraction V) and 

fibrinogen (type I-S, from bovine plasma) were purchased 
from Fluka and respectively from Sigma-Aldrich, as 
lyophilised samples.  

The 60SiO2·20Al2O3·10Fe2O3·10Y2O3 (mol %) 
system used in this study was obtained by sol-gel process. 
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The dried sample was calcinated at 1200 oC in air for 24 
hours, milled and sieved to obtain particle size less than 60 
µm.  

Protein adsorption experiments were carried out by 
incubating the aluminosilicates sample in simulated body 
fluid (SBF) [22] with bovine serum albumin (BSA, 
1mg/ml), and in fibrinogen solution prepared in 
phosphate–buffered saline solution (PBS, pH 7.2, 2 
mg/ml). The samples immersed in these protein solutions 
were kept at 37°C in Incutherm RAYPA type incubator for 
2 hours under static conditions. After 2 hours they were 
plenty rinsed with ultra pure water and filtered to ensure 
that any non-adsorbed protein molecules were removed.  
Then the samples were air-dried at 37°C for 24 hours. 

XPS measurements were performed using a SPECS 
PHOIBOS 150 MCD system equipped with 
monochromatic Al-Kα source (250 W, hν=1486.6 eV), 
hemispherical analyser and multichannel detector.  The 
typical vacuum in the analysis chamber during the 
measurements was in the range of 10-9- 10-10 mBar. The 
binding energy scale was charge referenced to the C 1s at 
284.6 eV. Elemental compositions were gdetermined from 
spectra acquired at pass energy of 100 eV. High-resolution 
spectra were obtained using analyser pass energy of 30 eV. 

FTIR spectra of the samples were recorded in 
reflection configuration by a Jasco IRT-5000 FT-IR 
spectrometer in the range 4000-650 cm-1 with a resolution 
of 4 cm-1.  

 
 
3. Results and discussion   
 
The XPS survey spectrum recorded before immersion 

(Fig. 1a) reveals only photoelectron peaks corresponding 
to the elements entering in the sample composition, and 
the C 1s photoelectron peak which usually is evidenced on 
all surfaces exposed to the atmosphere.  The intensity 
decrease observed for the photoelectron peaks 
corresponding to  Si, Al, Fe and Y substrate elements after 
sample immersion in protein solutions (Fig. 1b and 1c) is 
explained by surface coverage with proteins.   

 

 
 
Fig. 1. XPS survey spectra before immersion (a), and 
after 2 hours immersion in BSA (b) and  in  fibrinogen (c)   
                                       solutions. 

 
 

Fig.  2.  N 1s high-resolution XPS spectra before 
immersion (a), and after 2 hours immersion in BSA (b) 

and fibrinogen (c) solutions. 
 
 
At the same time, the presence of the intense XPS 

nitrogen peak for every functionalised sample means the 
nitrogen content can be used as a reliable marker for 
protein adsorption (Fig. 2). In addition, the deconvolution 
of N 1s core level spectra (Fig. 3)  reveals two components 
at 398.2 and 400 eV, that are characteristic of C-NH2 
groups [23].  
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Fig.  3. Deconvoluted N 1s high resolution XPS spectra 
after  2  hours  immersion  in  BSA (a) and fibrinogen (b)  
                                 solutions. 
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Table 1. Elemental surface composition determined from XPS survey spectra before and after immersion of samples in BSA and 

fibrinogen solutions. 
 

at %  
Sample 

C N  O  Al  Si  Fe  Y  

before 
immersion 

6.92 - 53.08 2.3 36.77 0.18 0.75 

immersed in 
BSA 

28.93 6.46 37.21 1.71 25.2 0.03 0.46 

immersed in 
fibrinogen 51.81 11.5 23.25 0.41 13.02 0.01 

- 

 
The elemental analysis also indicates a remarkable 

increase of carbon content after incubation, but both the 
carbon and nitrogen levels are higher on the surface of the 
sample immersed in fibrinogen solution than on the 
surface of the sample immersed in BSA solution (Table 1).  

On the surface of the sample immersed in fibrinogen 
solution a content of 11.5 at % nitrogen occurs, while after 
immersion in albumin solution the nitrogen content is 6.46 
%, due to the smaller size of the albumin protein, which 
would yield a protein layer of smaller thickness than the 
XPS sampling depth. 

 

295 290 285 280 275 270

In
te

ns
ity

   
(a

.u
.)

(c)

(b)

(a)

 

 

Binding energy   (eV)

 
Fig.  4.  C 1s high-resolution XPS spectra before 
immersion (a), after 2 hours immersion in BSA (b) and  
                              fibrinogen (c) solutions. 
 
 
 
 
 
 
 

The high-resolution C 1s spectra (Fig. 4) show that C 
1s photoelectron peaks are much broader after sample 
immersion in protein solutions. The analysis of the 
deconvoluted C 1s spectra (Fig. 5) shows that before 
immersion on the sample surface occur only 
contamination C-C and C-H species, giving rise to the sole 
component with binding energy 284.6 eV, representing the 
hydrocarbon (C-H), while after 2 hours immersion in 
protein solution beside the component of aliphatic carbon 
is well evidenced the component at about 288 eV 
corresponding to the C=O and –CONH- bonds of proteins 
[24, 25].  

The O 1s high resolution spectra (Fig. 6)  show that 
before immersion in protein solutions the O 1s 
photoelectron peak consists only of one component, at 
532.2 eV, which is related to the oxygen occurring in 
sample structural units [26], and to a limited extend it 
could be assigned to hydroxyl groups incidentally present 
on the surface due to the chemisorbed water molecules 
from environmental moisture [27]. After immersion in 
BSA and fibrinogen solutions, the O 1s photoelectron 
peaks are broader, especially after immersion in fibrinogen 
solution. The full with at half maximum is 2.87 eV before 
immersion and becomes 2.95 eV after immersion in BSA 
solution and 3.79 eV after immersion in fibrinogen 
solution. Oxygen concentration also decreases on the 
surface of the samples immersed for 2 hours in protein 
solutions (Table 1), because large part of the oxide 
aluminosilicate sample is covered by protein molecules, 
which are less rich in oxygen atoms. 
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Fig.  5. Deconvoluted C 1s high resolution XPS spectra recorded before immersion (a), and after 2 hours immersion in BSA (b) 

and fibrinogen (c) solutions. 
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Fig.  6. O1s high resolution XPS spectra before 
immersion (a), after 2 hours immersion  in  BSA (b) and  
                        fibrinogen (c) solutions. 
 
 
The infrared spectroscopy results were analysed  with 

respect to protein secondary structure. The proteins exhibit 
characteristic bands, emerging from vibration in the 
peptide linkages, in 4000-1200 cm-1 spectral range of FTIR 
spectra. There are two dominant bands, namely amide I 
band (1600-1700 cm-1) and amide II band around               

1540 cm-1. The amide I band is mostly used to extract 
information about the secondary structure. Because each 
of the different secondary structural elements contributes 
to the FTIR spectrum, the observed amide bands are 
composed of several overlapping components representing 
helices, β-structures, turns and random structures. Amide I 
(1600–1700 cm−1) comprises contribution from 80% C=O 
stretching mode), Amide II (1500–1600 cm−1: 60% N–H 
bending and 40% C–N stretching modes), Amide III 
(1200–1330 cm−1: 40% C–N stretching and 30% N–H 
bending modes) [28, 29]. The exact frequency of the 
amide I vibration depends on the nature of the hydrogen 
bonding involving C=O and N-H groups, this in turn is 
determined by the particular secondary structure adopted 
by the protein [30, 31]. This band mainly involves the 
carbonyl stretching vibrations of the peptide backbone and 
it is a sensitive marker of peptide secondary structure, as 
the vibrational frequency of each C=O bond depends on 
hydrogen bonding and the interactions between the amide 
units [32]. The interpretation of the absorption bands 
recorded in this region requires that bands for α-helical 
structure overlap with those from random structure. Band 
deconvolution using the second derivative can be used to 
identify the number and the position of the bands 
underlying the amides envelops [3, 18, 33-35]. The amide 
I band was deconvoluted with a Gaussian line function 
after the position of the components was determined from 
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second derivative of FTIR spectra recorded from the 
lyophilized proteins and from the samples immersed in 
protein solutions. The assignements of the component 
bands were 1610-1640 cm-1 to β-sheet, 1640-1650 cm-1 to 
random coil, 1650-1658 cm-1 to α-helix and 1660-1700 
cm-1 to β-turn structure [36]. The percentage of each 
component was calculated according to the coresponding 
integrated area.  
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Fig.  7. Deconvolution of amide I absorption band of 
BSA - lyophilized powder (a); attached on 

aluminosilicate sample (b). 
 

 
 
Fig.  8. Distribution of α-helix, β-sheet and β-turn 
secondary structures in lyophilised,  and  attached  BSA. 

The results obtained for liophylised BSA and BSA 
adsorbed on the material surface show that the 
conformation of BSA protein changes when it is adsorbed 
on material surface (Fig. 7). Compared to the lyophilised 
BSA, there are several conformation changes for the 
protein adsorbed on surface (Fig. 8) toward a higher β--
sheet/β-turn ratio, which indicates protein-surface 
interaction and enhanced blood compatibility.  
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Fig.  9. Deconvolution of amide I absorption band of 
fibrinogen - lyophilized powder (a); attached on 

aluminosilicate sample (b). 
 

 
 
Fig. 10. Distribution of α-helix, β-sheet and β-turn 
secondary structures in lyophilised, and attached  
                                  fibrinogen. 
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Fibrinogen adsorbed on material surface also changes 
its native structure. Deconvolution of the native fibrinogen 
(Fig. 9) amide I band was made assuming six components, 
and for the adsorbed fibrinogen the deconvolution was 
made assuming seven components.The α-helix content of 
adsorbed fibrinogen obviously decreases and is mainly 
transformed to β-sheet which meaningfully increases, 
while the β-turn is less changed.  

One can observe from the data represented in Fig. 10 
that β-sheet content increases from 14.69 % in lyophilized 
state to 46.78 % after adsorption on the investigated 
aluminosilicate sample. At the same time, after adsorption 
α-helix conformation decreases from 27.92 % to 16.77 % 
and the turns decrease from 44.62% to 36.39 %. However, 
it is not excluded that the 1640 cm-1 H-O-H bending 
vibration of water molecules adsorbed at the surface of the 
samples may also contribute to the intensity of the peak 
located around 1650 cm-1 [37].  

The β-sheet/β-turns ratio used to indicate the 
biocompatibility of the biomaterial shows that  this ratio 
exhibits a higher value for the adsorbed protein compared 
to the native one (Fig. 10), indicating a good 
biocompatibility of the material, as supported by other 
data in literature [3]. The changes in secondary structure of 
the proteins molecules could be determined by 
electrostatic interactions between positive charges of the 
protein and negative charges on biomaterial surface, and 
hydrogen bonding interaction [38].  

 
 
4. Conclusions 
 
XPS and FTIR results prove the attachment of BSA 

and fibrinogen on iron and yttrium containing 
aluminosilicate samples. Due to the proteins coating, the 
elemental analysis of XPS survey spectra evidences the 
occurrence of nitrogen present in the amino acids of the 
proteins. 

On the surface of the sample immersed in fibrinogen 
solution a content of 11.5 at % nitrogen occurs, while after 
immersion in albumin solution the nitrogen content is 6.46 
%, due to the smaller size of the albumin protein, which 
would yield a protein layer of smaller thickness than the 
XPS sampling depth. After immersion in protein solutions, 
the O1s photoelectron peaks are broadened, denoting the 
contribution of the peptidic oxygen.  

FTIR absorption bands characteristic for proteins 
bring additional emphasis to the attachment of BSA and 
fibrinogen on sample surface. The secondary structure of 
amide I was analysed based on band deconvolution using 
the second derivative. The β-sheet/β-turns ratio exhibits a 
higher value for the adsorbed proteins compared to the 
native ones indicating a good biocompatibility of the 
material. 
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