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a  b  s  t  r  a  c  t

The  purpose  of  this  study  was presentation  of a new  biosensor  capable  of determination  of  fibronectin.
This  biosensor  was  based  on  the  specific  interaction  of  anti-fibronectin  antibody  produced  in rabbit
with  fibronectin.  The  surface  plasmon  resonance  imaging  (SPRI)  technique  was  used  as  a detecting
method.  Optimization  and  characterization  properties  of  the  biosensor  were  studied.  The  determination
of  fibronectin  concentration  in natural  samples  was done.  The  results  were  compared  with  a reference
method  (Enzyme-Linked  Immunosorbent  Assay-ELISA).  The  analytically  useful  dynamic  response  range
of biosensor  is  between  5 and 400  ng mL−1. The  detection  limit  is 1.5  ng mL−1 and  limit quantification  is
5  ng  mL−1. The  proposed  SPRI  biosensor  showed  good  selectivity  for potential  interferences.  It  was  applied
to  determine  fibronectin  concentrations  in plasma  of  healthy  donors  and  of  patients  after  thermal  injury.
Good  correlations  between  results  obtained  using  the  SPRI  biosensor  and  ELISA  test  (correlation  coeffi-

cients  for  healthy  donors  0.996,  for patients  0.984)  were  obtained.  The  average  fibronectin  concentration
of  healthy  donors  was 140.5  ± 24.6 �g mL −1 and  the  average  fibronectin  concentration  of  patients  was
601.5  ±  72.1  �g  mL −1, which  was  in  agreement  with  results  obtained  by  other  investigators.  The obtained
results  indicate  that  the  developed  biosensor  may  be a candidate  for  monitoring  fibronectin  concentration
in  blood  samples.

© 2017  Published  by  Elsevier  B.V.
. Introduction

Surface plasmon resonance imaging (SPRI) was  first demon-
trated in the late 1980s [1,2]. Since then, SPRI has found rapid
ncreasing research interests. Extensive research work on SPR
maging has been conducted by Corn et al. [3]. In the literature

e can find various SPRI systems, for example: Multi-parametric
urface Plasmon Resonance (MP-SPR) [4], Localized Surface Plas-
on  Resonance (LSPR) [5] and spectral surface plasmon resonance

�SPR) [6].

This technique measures the refractive index changes in the

icinity of thin metal layers in response to biomolecular inter-
ctions. The refractive index is proportional to the amount of

∗ Corresponding author.
E-mail addresses: ania@uwb.edu.pl (A. Sankiewicz),

ech.romanowicz@umb.edu.pl (L. Romanowicz), marlena.pyc@gmail.com (M.  Pyc),
hermanowicz@wp.pl (A. Hermanowicz), ewka@uwb.edu.pl (E. Gorodkiewicz).

ttps://doi.org/10.1016/j.jpba.2017.11.070
731-7085/© 2017 Published by Elsevier B.V.
immobilized molecules on the metal surface. The label-free nature
of SPRI makes it an attractive alternative technique to others, in
which labels have to be used. The labeling process can cause the loss
of functional properties of biomolecules (functional proteomics).

SPRI biosensor allows the real-time biomolecules detection.
SPRI experiment may  be exploited to monitor interaction between
molecules and determining the kinetics of interaction [7–9].

The combination of SPRI technique with the biosensor is a sen-
sitive, quantitative and rapid measurement method with abundant
applications in the bioanalytical field [10–15].

The analytically active layer (receptor) of biosensor is formed
with biological material being immobilized on a suitable support.
Receptor type affects the sensitivity and selectivity with respect
to the test substance. The antibody or inhibitor may be used
as recognition elements in SPRI biosensor. The numerous exam-

ples of successful use of SPRI biosensors for the determination of
diagnostically significant biomolecules have been reported [6–8].
The SPRI biosensor may  be one of the competitive techniques in

https://doi.org/10.1016/j.jpba.2017.11.070
http://www.sciencedirect.com/science/journal/07317085
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mailto:marlena.pyc@gmail.com
mailto:ahermanowicz@wp.pl
mailto:ewka@uwb.edu.pl
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omparison to the ELISA assay in the determination of diagnosti-
ally significant biologically active species [16,17].

Fibronectin (FN) is one of the biologically active species which
ay  be important as a potential biomarker. It is a glycoprotein that

s an essential component of the extracellular matrix (ECM). FN is
resent in plasma and in various types of tissue and plays impor-
ant role in cell adhesion, growth, migration, differentiation, wound
ealing and embryonic development [18,19].

The basic structural unit of FN is a dimer composed of two  similar
ut not always identical polypeptide chains of similar molecular
eight of about 250 kDa. Each chain of fibronectin is composed with

epeated motifs of the amino acid sequence designated as type I, II
nd III. There are 12 modules of the type I, two of type II and 15–17
f type III in one subunit. The modules are distributed irregularly
nd form a mosaic structure of the protein [18,19].

Fibronectin in mammals coexists in the multiple molecular
orms. It exists in a soluble form – plasma (PFN), and two  insoluble
orms: bound to the cell membrane and present in the extracellular

atrix as cross-linker. According to Hynes [20], PFN is a globular
rotein consisting of independently folded globular domains and
ith a relatively compact conformation. Insoluble FN is in extended

onformation and may  be assembled into fibronectin fibrils [20].
FN soluble form occurs not only in plasma, but in other biological

uids: amniotic fluid [21], cerebrospinal fluid [22], saliva [23,24].
he soluble fibronectins are synthesized by hepatocytes while
he insoluble forms are produced by fibroblasts, macrophages,
ndothelial cells and epithelial cells [18].

Numerous studies have shown that the fibronectin deposition
nto the extracellular matrix and the turnover of FN is a dynamic
rocess. The steady state exists between assembly of ECM, its
emodeling and degradation. FN fibrils provides the matrix with
tability and rigidity [19].

The change in expression of fibronectin, organization, degra-
ation and its concentration in body fluids has been reported in
arious disease conditions. The levels of fibronectin increase in
lasma of patients with gastric cancer [25,26], colorectal cancer
27], breast cancer [28], bladder cancer [29], rheumatic disease
30], ischemic heart disease [31], collagen vascular diseases, dia-
etes mellitus [32]. Fibronectin detected in cerebrospinal fluid and
erum may  be a potential epilepsy biomarker [22].

FN concentration in plasma has low values in septic patients
ompared to healthy subjects and patients with different non-
nfectious pathologies and FN appears to act as a marker of sepsis
33].

The most common methods used for determination of
bronectin and its degradation products are immunohistochem-

stry [34,35] and enzyme-linked immunosorbent assays (ELISA)
22,25,29,31,32] respectively.

The fibronectin concentration in plasma was also determined by
aser nephelometry [33,36] or immunoturbimetric method [30,37].

 competitive radioimmunoassay (CRIA) for quantitating determi-
ation of human plasma fibronectin levels has been described [38].
he presence of cellular FN was determined in the plasma using a
ime-resolved fluorescence immunoassay (TRFIA) [39,40].

The classic version of SPR technique was used for determina-
ion of fetal fibronectin [41]. The interaction of fibronectin and the
ells was studied using SPRI technique. This technique makes it
ossible to monitor cellular modifications of FN in relation to the
xtracellular matrix forms in real-time [42].

The aim of this work was to develop SPRI method for the
etermination of fibronectin concentration in biological fluids. The
iosensor on the basis of fibronectin interaction with specific anti-

ody was constructed. Next, the analytical parameters of SPRI
iosensor were optimized and the biosensor’s ability to determine
bronectin in biological samples was tested.
and Biomedical Analysis 150 (2018) 1–8

2. Experimental materials and methods

2.1. Reagents

Fibronectin from human plasma (lyophilized powder)
as standard, anti-fibronectin antibody produced in rabbit,
collagen type IV, glycoprotein GPIIb/IIIa, human albumin,
bovine serum albumin (BSA), cysteamine hydrochloride,
N-ethyl-N′-(3-dimethylaminopropyl) carbodimide (EDC)
(Sigma, Steinheim, Germany, http://www.sigmaaldrich.com/
safc/facilities/steinheim-germany.html), N-hydroxysuccimide
(NHS), (Aldrich, Munich,Germany,http://www.sigmaaldrich.com/
germany.html), photopolimer ELPEMER SD 2054 and hydrophobic
protective paint SD 2368UV SG-DG (Peters, Kempen, Germany,
http://www.peters.de) were used, as well as absolute ethanol,
acetic acid, hydrochloric acid, sodium hydroxide, sodium chlo-
ride, sodium carbonate, sodium acetate, (POCh, Gliwice, Poland,
http://www.poch.com.pl/). HBS-ES buffer pH = 7.4 (0.01 M HEPES,
0.15 M sodium chloride, 0.005% Tween 20, 3 mM EDTA), Phos-
phate Buffered Saline (PBS) pH = 7.4, carbonate buffer pH = 8.5
(BIOMED, Lublin, Poland, http://www.biomed.lublin.pl) were used
as received. Aqueous solutions were prepared with milliQ water
(Simplicity

®
Millipore). Argon N 5.0 with a content Ar ≥ 99,999%

was used (AIR LIQUIDE Polska Sp.z o.o., Poland). ELISA kit for
fibronectin determination (Abcam, Cambridge, United Kingdom,
http://www.abcam.com) was used.

2.2. Biological samples

All blood samples were taken from children with thermal
injuries during the hospital admission to the L. Zamenhof Chil-
dren’s Clinical Hospital of the Medical University of Bialystok,
Pediatric Surgery Department (Bialystok, Poland). Patients were
aged 9 months to 14 years old. The blood samples were collected
from the median cubital vein using EDTA as an anticoagulant. Also,
the blood samples of the control group were taken from healthy
people (age 18–35 years old), who  are Honorary Blood Donors of
the Regional Blood Donor Centre of Bialystok, Poland.

Two milliliters of blood was centrifuged (1000 × g) for over
15 min  and filtered 3-times for the separation of blood plasma
from the cells. The blood plasma samples were frozen and stored at
−70 ◦C until their further use. The samples were diluted 1000–5000
times with PBS buffer directly prior to measurement.

The study had the approval of the Ethics Committee of the Med-
ical University in Bialystok and all patients gave informed consent.

2.3. Procedures

2.3.1. Chip preparation
Basis of the biosensor for fibronectin determination was pre-

pared as described in the previous paper [37]. The glass chips
were covered with gold (50 nm on a 1 nm thick chromium layer).
Next, gold surface was covered with photopolymer and hydropho-
bic paint. An array of 9 × 12 free gold surfaces was made – Fig. 3.
The nine different solutions can be simultaneously applied on chip.
Twelve independent measurements can be made for each solution,
so twelve individual SPRI signals for each sample can be obtained.

2.3.2. Antibody immobilization
The chip surface was rinsed with absolute ethanol and

water, dried in a stream of argon and was immersed in
20 mM cysteamine ethanolic solutions for a minimum of 18 h.

The chips with immobilized linker were rinsed and dried as
described above. In order to immobilize antibody,50 �L of anti-
body solution (4 �g mL−1, designated from the experiments for
optimization of antibody concentration) was  mixed with 250 �L of

http://www.sigmaaldrich.com/safc/facilities/steinheim-germany.html
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Fig. 1. The schematic illustration of the sensor active part.

0 mM N-hydroxysuccinimide (NHS), 250 �L of 200 mM N-ethyl-
′-(3-dimethylaminopropyl) carbodiimide (EDC) and 100 �L of
arbonate buffer (pH = 8.5) and placed on the amine-modified sur-
ace. The chip prepared in this manner was incubated at 37 ◦C for

 h. After this time, the surface of the prepared biosensor was rinsed
ve times with PBS buffer. Then, 1 mg/mL  BSA in PBS was  placed
n the chip for 10 min  to minimize nonspecific adsorption on the
urface and it was rinsed with PBS buffer. The mixture of sodium
cetate (50 �L, 5 mM),  NHS (250 �L of 50 mM),  EDC (250 �L of
00 mM)  and carbonate buffer (100 �L, pH = 8.5) was used to deac-
ivate any remaining amine groups. Finally, the chip was rinsed
ith PBS buffer and water. The schematic illustration of the sensor

ctive part is presented on Fig. 1.
SEM pictures were used to confirm the creation of subse-

uent layers: gold, thiol (cysteamine), antibody and immobilized
bronectin. Fig. 2 shows a representative picture of the SEM mea-
urements. Pictures were taken of bare gold (Fig. 2a), cysteamine
Fig. 2b), antibody (Fig. 2c) and immobilized fibronectin (Fig. 2d).
he presented SEM pictures confirm that the described stages of
he creation of each layer on the biosensor surface have really taken
lace. This may  be concluded on the basis of the creation of different
tructures after each stage.

.3.3. SEM measurements
The Scanning Electron Microscopy (SEM) measurements were

erformed with a commercial SEM Phenom ProX equipped with a
eB6 electron source.

Microscopic examination was performed with using the accel-
rating voltage of 10 kV at magnifications of 5000× and using the
ackscattered electron detector (BSE). Fig. 2 shows representative
EM images of the subsequent layers on the chip surface.

.3.4. SPRI measurement
SPRI measurements were performed on a home-made appara-

us which had been successfully used and described previously
16,17,43]. The apparatus (Fig. 3) consists of a HeNe laser (JDS
niphase, Edmund Industrial Optics, USA), two glass lenses L1

f = 3 mm)  and L2 (f = 300 mm),  two polarizers (P1 and P2), a mirror,
 prism and a CCD camera (QICam, QImaging, Canada). NIH Image J
ersion 1.42 software was used for evaluation of the SPRI images in
D form. The biosensor preparation was described in the preceding
aragraphs.

The first step was optimization of SPR angle. The angle at which
here was the best contrast between active site and background

as selected. The measurements were performed at a fixed angle

f incident light and the reflectivity was simultaneously measured
cross an entire chip surface. The signal was measured on the basis
f images registered by CCD camera. The images were taken after
and Biomedical Analysis 150 (2018) 1–8 3

antibody immobilization and after interaction between antibody
and fibronectin. All measurements are performed under stationary
conditions. The biosensor consists of 12 spots for 9 different sam-
ples. The contrast values obtained for all pixels across a particular
sample single spot were integrated. A background correction was
applied i.e. some of the places on the biosensor covered with PBS
buffer were used as a control. Non-specific binding was monitored
by measuring the SPRI signal in place on the chip without the recep-
tor (ligand). Minimization of the non-specific binding was  obtained
by preparing samples in PBS buffer and by placing BSA in PBS buffer
on the chip. The SPRI signal, which was proportional to the mass of
entrapped fibronectin, was  obtained as the difference between the
signals before and after interaction with the analyzed sample, for
each spot separately.

The biosensors used can be regenerated [44]. The regeneration
of biosensors is not used during the measurements as a part of the
procedure, because that stationary approach was used.

2.4. Statistical analysis

All results were given as mean ± standard deviation. Student’s
t-test was used for statistical analysis. The data obtained by SPRI
biosensor and ELISA for natural samples was  analyzed using Pear-
son’s correlation. A value of p < 0.05 was  considered significant.

3. Results and discussion

3.1. Influence of antibody concentration on the analytical signal
of fibronectin

The usefulness of biosensor was determined by the receptor
concentration and ought to be optimized. The rabbit anti-
fibronectin antibody was used as a receptor. The purpose of
this investigation was to find the optimal antibody concentra-
tion. Experiments were performed at pH = 7.4 and at a constant
fibronectin concentration 500 ng mL−1 was used. Antibody concen-
tration varied between 0.5 and 7.0 �g mL−1. The antibody solutions
were transferred on to the chip, which had previously been mod-
ified with cysteamine thiol. The chip was  then treated with the
fibronectin solution by 10 min  in the room temperature. After the
interaction, the chip was  rinsed with HBS-ES buffer and water (at
least 10 times) and dried, and the SPRI measurement was then per-
formed. The results are shown in Fig. 4. The obtained curve was
of the Langmuir isotherm type. Gradual formation of a plateau
was the evidence of saturation of the biosensor surface with anti-
body. Further increase in antibody concentration did not cause
the increase in surface antibody concentration. Correct SPRI mea-
surement should be performed with the receptor concentration
corresponding to this plateau. On the basis of curve in Fig. 4, a
concentration 4 �g mL−1 was  selected as the optimal antibody con-
centration for further investigations.

3.2. Analytical response of the sensor to fibronectin
concentration. Calibration curve

The calibration curve for fibronectin determination with a
biosensor was performed in optimized conditions. The antibody
concentration was 4 �g mL−1 and pH = 7.4.

The response of the analytical SPRI signal for fibronectin was
measured within a range of its concentration between 5 and
1000 ng mL−1. The results are shown in Fig. 5. The curve was of

typical of Langmuirian type. The plateau of the curve corresponded
to saturation of active sites of the biosensor. The linear section of
the curve (Fig. 5) was  in range 5–400 ng mL−1 (R2 = 0.9938) and was
useful for analytical purposes.
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ig. 2. SEM images of the subsequent layers on the gold chip surface, a) the pure g
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.3. Recovery and precision of the developed method

Four series of measurements were performed for the determi-
ation of recovery, precision, and limits of detection (LOD) and

uantification (LOQ). The first series was ‘blank’, i.e. performed
ithout a fibronectin spike, other three series were performed with
bronectin spikes of 5.0, 200.0 and 400.0 ng mL−1 respectively. The
esults are shown in Table 1.

able 1
ecovery and precision of the developed method.

Series Number of measurements Spiked [ng mL−1] Fou

1 24 0 0 

2  24 5.0 5.2
3  24 200.0 20
4  24 400.0 40

a Standard deviation of the blank (buffer).
) the cysteamine layer; c) the antibody layer; and d) the fibronectin bound to the

Both precision and recovery were typical for this kind of deter-
mination, and they were satisfactory. The recoveries of fibronectin
spikes appeared in range 101–104%. The LOD calculated on the 3SD
of the blank (PBS buffer) and was equal to 1.5 ng mL−1. The LOQ

calculated on the 10 SD of the blank and it was equal to 5.0 ng mL−1.

Recovery of the developed method was also checked by the
addition of standard solution of fibronectin (100 ng mL−1) into nine
different samples of human plasma 1000 fold diluted (final con-

nd [ng mL−1] SD [ng mL−1] CV [%] Recovery [%]

0.5a –
 0.3 6.0 104
3.7 3.2 1.6 102
5.3 4.8 1.2 101
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Fig. 3. The schematic diagram of the apparatus and the illustration of used biosensor (A-photopolymer, B-free gold surface, C-hydrophobic paint).

Fig. 4. Dependence of SPRI signal (Arbitrary Units) on rabbit anti-human fibronectin
antibody concentration. Fibronectin concentration: 500 ng mL−1. pH = 7.4. Error bars
were calculated for 12 independent measurements for each concentration at a 95%
confidence level.

Fig. 5. Dependence of the SPRI signal (Arbitrary Units) on fibronectin concentration.
Rabbit anti-human fibronectin antibody concentration: 4 �g mL−1. pH = 7.4. Error
b
9

c
e
p

Table 2
Recoveries of fibronectin in plasma.

No of
samples

Fibronectin
concentration
without spike
[ng mL−1]

Added standard
concentration
[ng mL−1]

Determined
[ng mL−1]

Recovery
[%]

1 125.3 ± 1.5 100 229.1 ± 2.1 102
2  145.1 ± 2.1 100 253.2 ± 2.6 103
3  157.1 ± 1.7 100 269.3 ± 2.5 105
4  168.6 ± 2.0 100 266.9 ± 1.9 99
5  118.9 ± 2.4 100 220.9 ± 2.4 101
6  103.7 ± 1.9 100 207.0 ± 2.4 101
ars  were calculated for 12 independent measurements for each concentration at a
5% confidence level.
entration was about 100 ng mL−1). The samples were mixed in
qual volumes with twice higher concentrations. The results are
resented in Table 2.
7  101.4 ± 2.5 100 200.7 ± 1.9 100
8  145.7 ± 2.8 100 244.2 ± 1.5 99
9  146.6 ± 2.2 100 251.8 ± 1.7 102

The differences of determined concentrations were not statis-
tically significant p < 0.05. Recoveries were within the range of
99–105% and showed no significant matrix effect.

3.4. Selectivity of the developed method

The selectivity of the developed method is a crucial factor for its
potential application. In order to check if the interaction between
antibody and fibronectin was  selective, the chip with immobilized
antibody was treated with mixtures of fibronectin with potential
interferents. The albumin, collagen type IV, laminin, heparin and
glycoprotein GPIIB/IIIA were investigated as potential interferents.

Fibronectin concentration was  constant and selected as
100 ng mL−1, i.e. the value of the dynamic response range of the
method. The excess of interferents varied from 1:1 to 1:100. The
results are shown in Table 3.

No significant influence of these substances on fibronectin
determination was  observed at 100-fold excess. Thus, the selectiv-
ity of the developed biosensor was  confirmed. Applied antibody as
a natural receptor has excellent molecular recognition capabilities
and high affinity to fibronectin and antibody- fibronectin complex
has good stability in measuring conditions.

3.5. Determination of fibronectin in biological samples
The amount of fibronectin in biological samples was  determined
using developed SPRI biosensor. The tests were performed in nine
samples of plasma from healthy volunteers and from patients after
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Table 3
Selectivity of fibronectin determination with the developed method in the presence of potential interferents: albumin, collagen IV, laminin-5, heparin, glycoprotein GPIIB/IIIA
(n  = 12).

Potential Interferent Fibronectin
concentration [ng mL−1]

Excess over
fibronectin

Measured fibronectin
concentration [ng mL−1]

SD [ng mL−1] Recovery [%]

– 100 – 100.9 1.5 101

Albumin 100
1:1 104.2 2.8 104
1:10  97.2 3.1 97
1:100 90.9 5.6 91

Collagen IV 100
1:1 107.6 1.9 108
1:10  91.2 3.5 92
1:100 94.1 2.9 94

Laminin-5 100
1:1 103.6 3.1 104
1:10  102.1 2.4 102
1:100 100.5 4.1 101

Heparin 100
1:1 108.4 4.0 108
1:10  107.3 2.1 107
1:100 103.9 2.8 104

Glycoprotein GPIIB/IIIA 100
1:1 105.6 2.4 106
1:10  98.4 3.2 98
1:100 99.6 4.1 100

Table 4
Concentration of fibronectin in human blood plasma of patients after thermal injury
and  healthy volunteers measured by the developed method.

Fibronectin concentration [�g mL−1]

Healthy donors Patients after
thermal injury

1 180.4 ± 1.9 473.0 ± 2.7
2  101.4 ± 2.5 865.5 ± 1.4
3  168.6 ± 1.5 595.9 ± 3.1
4  108.1 ± 2.4 563.0 ± 2.6
5  208.0 ± 1.5 591.4 ± 2.4
6  107.8 ± 2.1 624.3 ± 2.6
7  125.3 ± 1.7 563.8 ± 1.9
8  118,9 ± 2.4 621.1 ± 1.9
9  145.7 ± 2.8 515.6 ± 2.5
Mean value ± confidence limit 140.5 ± 24.6 601.5 ± 72.1
Range 101.4–208.0 473.0–865.5
Literature mean value 88.6 ± 22.2 [27]

94.0 ± 90.9 [45]
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nique for the selective determination of fibronectin concentration
181.4 ± 72.8 [22]
221.0 ± 32.5 [46]

hermal injury. The aim of this experiment was to verify the suit-
bility of the developed method for the analysis of typical real
amples. The determination was performed as described in pre-
ious sections. The fibronectin concentration was evaluated on the
asis of calibration curve (see Fig. 5). The results are shown in
able 4.

For healthy volunteers the mean value of fibronectin concen-
ration was as 140.5 ± 24.6 �g mL−1 and for patients after thermal
njury it was 601.5 ± 72.1 �g mL−1. The various mean values of
bronectin concentration were reported in the literature (Table 3)
nd the results obtained by SPRI methods for healthy volunteers
ere located in this range. The fibronectin concentration of patients
as higher than of healthy volunteers. However, in order to deter-
ine the role of fibronectin in processes occurring in body after

hermal injury the studies should be extended. Further studies
n larger group of patients should be performed and the patients
hould be classified by depth, mechanism of injury, extent, and
ssociated injuries.

In order to validate the developed method, comparative deter-
ination of fibronectin concentration in the same samples by the

ommercial ELISA kit was  performed. The results are shown in
ig. 6. The mean value of fibronectin concentration obtained by

LISA test was 138.8 ± 23.8 �g mL−1 (range: 100.5–198.9 �g mL−1)
f healthy volunteers and 593.7 ± 64.4 �g mL−1 (range:
70.5–833.9 �g mL−1) of patients after thermal injury. Com-
Fig. 6. The linear correlation between the results of fibronectin concentration in
the  plasma of (©) healthy donors, (�) patients after thermal injury, obtained by the
SPRI  methods and ELISA.

parison between measurements of fibronectin concentration
by SPRI biosensor and ELISA test showed a good agreement. The
significant Pearson correlation coefficient value of 0.996 (p < 0.001)
for healthy volunteers and 0.984 (p < 0.001) for patient confirmed
to be a very strong positive correlation between the results
obtained by two  methods.

ELISA has been the preferred method for the determination
of fibronectin concentration. Although it is a reliable technique
with good sensitivity and selectivity, it is relatively time- and
labor-intensive. SPRI may  be an alternative technique to traditional
immunobased assay like ELISA. Both methods have advantages but
also disadvantages. For several analytical aspects namely sensitiv-
ity and specificity SPR has been found to be quite comparable to
ELISA. In SPR, the fibronectin concentration can be detected in real
time and using only one antibody. In comparison to ELISA, this tech-
nique does not require labels or the addition of another reagent.
SPR biosensor requires very low amounts of reagents and sam-
ples without any special preparation. It allows quick and precise
determination of fibronectin concentration.

4. Conclusions

In this study, the biosensor co-operating with the SPRI tech-
has been developed. The sensor works on the basis of a highly selec-
tive interaction between immobilized specific antibody as receptor
and fibronectin in solution. SPR biosensor, as label-free detection,
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as been proved to be a highly sensitive and selective method for
easurement of fibronectin concentration in natural samples. This
ethod eliminates the need for tags, dyes or specialized reagents,

educes the resources required for assay development, simpli-
es assay design, minimizes change of functional properties of
iomolecules. The results obtained with the SPR method are simi-

ar to those obtained by ELISA. SPR biosensor can be competitive to
onventional immunoassay test.

In conclusion, new SPR biosensor appears to be a good candidate
or routine determination of fibronectin concentration, opening the

ay for applications in laboratory investigations and medical diag-
ostics.
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