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Here we report the electropolymerization of 3-(2,5-di(thiophen-2-yl)-1H-pyrrol-1-yl)aniline 

monomer on ITO glass and its use as a coating material for the cell culture applications. 

Functional amino groups on the conducting polymer provide post-modification of the surface 

with arginylglycylaspartic acid (RGD) peptide via EDC Chemistry. 

Scanning electron microscopy, atomic force microscopy, contact angle and surface 

conductivity measurements were carried out for the surface characterization. The peptide 

conjugated surface was applied for adhesion and proliferation of several cell lines such as 

Monkey kidney epithelial (Vero), human neuroblastoma (SH-SY5Y), and human immortalized 

skin keratinocyte (HaCaT). These cells were cultured on RGD modified-, polymer coated-ITO 

glass as well as conventional polystyrene surfaces for the comparison. Data indicate that, the 

RGD modified surfaces exhibited better cell adhesion and proliferation among all surfaces 

compared. Cell imaging studies up to 72 h were performed on these surfaces by different 

microscopy techniques. Therefore, the novel bio-functional substrate is a promising candidate 

for further studies such as monitoring the effects of drugs and chemicals on the cellular 

viability and morphology as well as cell-culture-on chip applications. 

 

Introduction 

The mechanisms of life and their effects to diseases form the 

basis of biological researches. Due to the dynamic nature of the 

biological organizations, monitoring of living cells and the 

effects of drugs and chemicals on mammalian cells has 

essential importance. In recent years, lab-on-a chip systems 

have been introduced to detect cellular organizations quickly 

and accurately. These systems have many different advantages 

such as miniaturization, increased sensitivity, having 

opportunity for high throughput screening, and reduced cost.1 

Because the lab-on-a chip is a reliable candidate for monitoring 

living cells, enormous amount of research has been conducted 

for designing functional surfaces with increased sensitivity.2, 3  

Polymers have been preferred for many years, owing to their 

modification capabilities with different side groups. Examples 

of polymers used as surface materials include polystyrene, 

polypyrole, polyaniline, and polythiophen.4-6 Particularly, 

conducting polymers are promising materials for tissue 

engineering and electrochemical-based bioanalytical systems 

due to their alterable physical, chemical and electrical 

properties.7, 8 Especially, electrochemically deposited polymers 

are advantageous because of controllable thickness and 

morphological properties by changing applied voltage or 

current.9-13 Up to now, a number of strategies have been 

developed to obtain an increased biocompatibility of 

conducting polymers. One of them is to modify these polymers 

with several bioactive molecules such as enzymes, nucleic 

acids, polypeptides, and antibodies in order to increase 

biocompatibility and selectivity.14-19 

Cell adhesion, which occurs before various events for 

anchorage-dependent cells such as cell proliferation, cell 

migration and differentiated cellular function, is very important 

step for microarray platforms, development of miniaturized 

bioanalytical systems, and cell-substrate platforms for tissue 

engineering applications.20, 21 Cell adhesion is affected directly 

from surface hardness, topographical properties and electrical 

charge of biomaterials.22-24 Researchers have developed 

numerous surfaces to investigate cell adhesion, which have 

different properties.25-27 Surfaces coated with extracellular 

matrix (ECM) proteins, such as positively charged poly-L-

lysine, fibronectin, collagen and laminin, have widespread 

usage due to their cell adhesive properties.28-30 Although ECM 

proteins increase cell adhesion on surfaces, they have several 

disadvantages such as uncontrolled thickness, containing 

different cell recognition motifs, and being object to proteolytic 

degradation.31-33 Therefore, it is so important to design surfaces 
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with controlled thickness and suitable distribution of the 

bioactive molecules for cell adhesion. RGD (R: Arginine, G: 

Glycine and D: Aspartic acid) is a frequently used tripeptide as 

a cell adhesion motif.31 It is advantageous to use RGD instead 

of ECM proteins owing to its controlled orientation on surfaces. 

Additionally, it is stable molecule against sterilization 

processes, denaturation and enzymatic degradation.34 

In this work, a monomer; 3-(2,5-di(thiophen-2-yl)-1H-pyrrol-1-

yl)aniline (SNS-mNH2) was synthesized according to the 

similar procedure in the literature.35 The corresponding 

monomer structure has a great advantage due to its amino group 

which is open to amide bonding. Also, the thiophenepyrrole-

thiophene polymerize easily. Indium Tin Oxide (ITO) coated 

glass was used as working electrode. ITO-glass is most 

advantageous for light microscopy techniques due to its 

transparent nature. Modified ITO surfaces can be combined 

with PDMS and such polymers to create cell culture chambers 

for lab-on-a-chip systems.1, 36-40 The conducting polymer SNS-

mNH2 was electrochemically deposited onto ITO-glass by 

cyclic voltammetry (CV) technique. In order to provide cell 

adhesion on the modified surfaces, RGD peptide was used. 

Poly-(SNS-mNH2) served as an excellent immobilization 

matrix. Introduction of RGD onto the polymer coated surface 

was performed through covalent binding using the well- 

established two-step carbodiimide coupling method.41 Surface 

properties and morphology were analyzed by contact angle 

measurement, scanning electron microscopy (SEM) and atomic 

force microscopy (AFM). African green monkey kidney 

(Vero), human keratinocyte (HaCaT) and human 

neuroblastoma (SH-SY5Y) cell lines were cultivated and 

monitored by fluorescence microscopy (FM) to test cell 

adhesion and proliferation on modified surfaces. Also, cell 

morphology on modified surfaces was examined by SEM and 

AFM. 

Results and discussion 

Synthesis of 3-(2,5-di(thiophen-2-yl)-1H-pyrrol-1-yl)aniline 

Structure of the SNS-mNH2 was characterized 1H-NMR and 
13C-NMR spectra. Characteristic peaks for SNS-mNH2 in 13C-

NMR spectroscopy (Fig. S1) are listed below: 13C NMR (400 

MHz, CDCl3) δ: 191.46, 143.77, 133.74, 132.18, 129.94, 

128.20, 126.97, 123.79, 120.11, 116.43, 115.70, and 109.48. In 

the 1H-NMR the zero chemical shifts was assigned to TMS. 

Characteristic peaks for SNS-mNH2 in 1H-NMR spectroscopy 

(Fig. 1) are listed below: C18H14N2S2, δH (CDCl3): 3.68 (s, 2H, 

Ha), 6.44 (dd, 2H, Hb), 6.53 (m, 2H, Hc), 6.74 (dd, 2H, Hd), 6.97 

(dd, 2H, He), 7.07 (m, 2H, Hf), 7.57 (dd, 2H, Hg), 7.74 (dd, 2H, 

Hh). 

 
Fig. 1. 

1
H-NMR spectra of SNS-mNH2 monomer. 

Electrochemical polymerization of the monomer 

Poly-(SNS-mNH2) film was prepared via potentiodynamic 

electrochemical polymerization. In the first cycle of the cyclic 

voltammogram of polymer (Fig. 2), the monomer is oxidized to 

its radical cation at +0.84 V. Monomer oxidation is 

immediately followed by chemical coupling that yields 

oligomers in the vicinity of the electrode. Once these oligomers 

reach a certain length they precipitate onto the ITO-glass where 

the chains can continue to grow in length 42. It can be 

monitored by the appearance of a peak (+0.36 V) corresponding 

to the reduction of the oxidized polymer while scanning in the 

cathodic direction. A second positive scan reveals another 

oxidation peak (+0.52 V) at a lower potential than the monomer 

oxidation peak, which is due to the oxidized polymer. Another 

noticeable fact is the increase in monomer oxidation peak 

current in the subsequent scans. As the peak current is directly 

proportional to the electrode area, this increase in the peak 

current may be attributed to an increase in the area due to the 

electrodeposited polymer. 43 

 
Fig. 2. Repeated potential-scan electropolymerization of SNS-mNH2 monomer in 

0.1 M NaClO4/LiClO4/Acetonitrile electrolyte/solvent system at a scan rate of 100 

mV s-
1
 on ITO-glass (up to 10 cycles). 
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Modified surface characterization 

Fig. S2 shows CV of poly-(SNS-mNH2) at different scan rates. 

The current responses were directly proportional to the scan 

rate indicating that the polymer films were electroactive and 

well adhered to the surface. The scan rates for the anodic and 

cathodic peak currents show a linear dependence as a function 

of the scan rate in the range from 25 to 250 mV/s (Fig. S2 

inset). This demonstrates that the electrochemical processes are 

not diffusion limited and reversible even at very high scan 

rates. Surface modification impacts on the electrochemical 

signal transduction were investigated by differential pulse 

voltammetry (DPV) which gives detailed information about 

redox characteristics of chemicals. DPV of bare ITO (ITO), 

polymer coated ITO (ITO/SNS-mNH2) and RGD modified ITO 

(ITO/SNS-mNH2/RGD) surfaces were performed between +0.5 

V and -0.3 V. A decrease in the peak current values was 

observed for SNS-mNH2-deposited (-0.179 mA; ∆EPc = +0.24 

V) and RGD modified surfaces (-0.065 mA; ∆EPc = +0.25 V) 

when compared to bare ITO (-0.359 mA; ∆EPc = +0.20 V) (Fig. 

3). This might be due to the increased thickness of electroactive 

surface possible diffusion layers on the surface.  

 
Fig. 3. Differential pulse voltammetry results of ITO (Blue), ITO/mSNS-NH2 (Red) 

and ITO/SNS-mNH2/RGD (Black) in 5.0 mM [Fe(CN)6
3-/4-

] at a scan rate of 50 mVs
1 

 

(n=3). 

Two probe measurements were performed to gain information 

on the changes of electrical conductivity of the surfaces before 

and after modification with the peptide sequence. Two methods 

are commonly employed for the measurement of conductivity 

of conducting materials. These have been referred to as 2-probe 

and 4-probe methods. For semiconductors and insulators where 

resistivity of sample itself is very high, the contact resistance 

becomes negligible; 2-probe method is applicable. The 

electrical conductivities of the samples have been obtained 

from surface resistance measurements by 2-probe method as 

their resistances are relatively high. The conductivity of 

modified surfaces were determined to be 3.0 x103, 1.0 x 103 and 

0.9 x 103 (Ω cm)-1 for ITO, ITO/SNS-mNH2, and ITO/SNS-

mNH2/RGD, respectively. According to the results, there is a 

decrease in the conductivity of the surfaces after each 

modification steps. However, conductivity of the surfaces 

maintained. The ultimate surface has substantially high 

conductive properties when compared to similar conducting 

polymers.44, 45 Thus, it is possible to use proposed surface in 

platforms that is conductive and biofunctionalized to improve 

cell adhesion. In order to gain information on the changes of 

hydrophilicity of the surfaces before and after conjugation with 

the RGD peptide, contact angle measurements were performed. 

A drop in the advancing angle from 83.6° ± 1.1° to 78.9° ± 0.9° 

was observed after RGD immobilization on the –NH2 

functional surface (n=5 and p = 0.0079). 

Surface morphologies before and after biomolecule 

immobilizations were examined by SEM. According to the Fig. 

4a and 4b, conducting polymer was grown homogeneously on 

the ITO glass. On the other hand, the surface morphology of the 

RGD modified surface (Fig. 4c) depicts a rough coating on the 

surface. This clearly shows that the RGD peptide is well-

immobilized onto the polymer film. 

 
Fig. 4. SEM images of a) ITO, b) ITO/mSNS-NH2 and c) ITO/SNS-mNH2/RGD 

surfaces (with 50000x magnification). 

AFM also supplies the morphological information about 

surfaces. Fig. 5 shows the characteristic AFM images of the 

surface topography. The polymer coated surface is fairly 

smooth according to 2D (Fig. 5a) and 3D (Fig. 5b) images. It is 

obvious that the immobilization of the RGD peptides brings the 

heterogeneity of the formed structure on the surface. On the 

other hand, increased roughness was observed after RGD 

immobilization at 2D (Fig. 5c) and 3D (Fig. 5d) images. Root 

mean squares (RMS) of roughness were measured as 1.8 nm 

and 2.2 nm for the polymer coated and RGD modified surfaces, 

respectively. 
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Fig. 5. a) 2D, b) 3D topographic AFM height images of ITO/mSNS-NH2 and c) 2D, 

d) 3D topographic AFM height images of ITO/SNS-mNH2/RGD surfaces. 

In terms of increasing surface roughness, AFM and SEM 

results are consistent with each other. The increase roughness 

of surfaces has direct effect on cell adhesion and proliferation 

as cell type dependent manner.23, 24, 46-48 Therefore, 

investigation of cellular morphology of different cell lines on 

surfaces have essential importance. 

Cell Culture Studies 

Conducting polymer thickness on the surface can be controlled 

by changing the scan number during electropolymerization.49 

The polymers were deposited on the ITO glass with scans of 5, 

10, and 25 cycles. The film thickness of the poly-(SNS-mNH2) 

was determined to be 16.0 ± 2.1, 26.0 ± 5.1, 31.0 ± 0.7 nm for 

5, 10, and 25 cycles, respectively (n=3). After the modification 

of each surface, cell adhesion experiments were performed as 

described in experimental section. The relationship between the 

average cell number per mm2 and film thickness was shown in 

Fig. 6. The 26 nm polymer deposited surface was the best 

effective substrate for cell adhesion. On the other hand, 

significantly lower cell adhesion was observed with the 16 nm 

film thickness. This might be due to less functional amino 

groups for RGD binding. The 31 nm polymer deposited surface 

showed non homogenous film formation and some structural 

defects. Additionally, significantly lower cell adhesion was 

observed as 16 nm polymer. One possible reason for this, 

structural deformations on polymer might decrease RGD 

binding or hindered the right conformation of RGD to interact 

with the cells. Also, literature reports that the material 

topography, stiffness, charge and wettability can also affect cell 

adhesion and proliferation.50-52 As a result, the modified surface 

prepared with 26 nm polymer thickness was selected for 

subsequent experiments. 

 
Fig. 6. Effects of film thickness to number of Vero cells after 24 h incubation on 

RGD functionalized surfaces (n=3). Maximum cell adhesive surface (26 nm 

thickness) was accepted as 100%. 

Time dependent adhesion and proliferation behaviors of Vero 

cells on the ITO/SNS-mNH2, ITO/SNS-mNH2/RGD and 

commercially used polystyrene (PS) were investigated. 

Although ITO/SNS-mNH2 surface showed similar cell adhesion 

properties at 4, 24 and 48 h, it has been observed that polymer 

coated surface affected negatively to cell proliferation at 72 h. 

Because of the cell adhesion to RGD peptides modified 

surfaces time dependent and increase after initial cell adhesion, 

higher cell proliferation differences was observed at 72 h. 53 

Therefore, RGD modified surface had better cell proliferation 

after initial cell adhesion than polymer coated and PS surfaces 

owing to cell adhesive peptide modification (Fig. 7).  

 
Fig. 7. Time dependent Vero cell adhesion and proliferation on ITO/SNS-mNH2, 

ITO/SNS-mNH2/RGD, and control polystyrene surfaces (n=3). 

Vero cell morphology after 72 h incubation on RGD modified 

surface was examined by AFM. The AFM image of the single 

layer of fixed and proliferated cells on the modified surface is 

shown in Fig. S3. On ITO/SNS-mNH2/RGD surface healthy 

and well proliferated cells were observed. 

Page 6 of 10RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name ARTICLE 

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5  

 
Fig. 8. Proliferation behaviors of a) Vero, b) HaCaT, and c) SH-SY5Y cell lines after 72 h incubation on control polystyrene, ITO/SNS-mNH2, and ITO/SNS-mNH2/RGD 

surfaces. Actin (Red) and DAPI (blue) staining were performed. Scale bar: 50 µm. 

Effects of surface modification on proliferation behaviors of 

Vero, HaCaT, and SH-SY5Y cell lines were compared. Fig. 8 

represents that all of the cell lines attach and spread on the 

RGD modified surface to a greater extent than the polymer 

coated surface. Although HaCaT and Vero cell lines could not 

spread over polymer coated surfaces, an enhancement 

proliferation of cells was observed on RGD functionalized 

surfaces. On the other hand, In Fig. 8 SH-SY5Y cell line grows 

as one top of the other in clusters and extent short neurites out 

of the clusters without any differentiation due to its 

characteristic feature.54 This cell line had maximum 

proliferation than other cell lines on RGD modified and also 

polymer modified surfaces due to its highly aggressive 

characteristics.55, 56 Proliferation behaviour of this cell line on 

polymer coated and RGD modified surfaces was further 

examined by SEM (Fig. S4). 

 
Fig. 9. Number of Vero, HaCaT and SH-SY5Y cell lines after 72 h incubation on 

control polystyrene, ITO/SNS-mNH2, and ITO/SNS-mNH2/RGD surfaces (n=3). 

Asterisks indicate the differences compared to PS surface for each cell line. 
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The relationship between average number of cells per mm2 and 

different cell lines were shown in Fig. 9. ITO/SNS-mNH2/RGD 

surfaces showed higher cell proliferation for all of the cell lines 

than control and polymer coated surfaces. The spreading of all 

cells on the RGD modified surfaces indicate that the cells 

interact with the RGD motif which was immobilized to the 

surface of conducting scaffolds. Cells can interact with RGD as 

integrin dependent manner and start to organize actin fibers to 

proliferate on surfaces. 

Experimental 

Materials 

ITO coated glasses (24 x 24 mm) were obtained from 

TEKNOMA, Turkey. The ITO coated glass had sheet resistance 

of 8 - 10 ohm / sq with and thickness of 150-170 µm. 

RGD peptide, EDC (1-Ethyl-3-(3-dimethylaminopropyl) 

carbodiimide), lithium perchlorate (LiClO4), sodium 

perchlorate (NaClO4), ethanol, isopropanol, acetone, Triton X-

100, formaldehyde (37%), 4, 6-diamino-2-phenylindol (DAPI) 

purchased from Sigma. Acetonitrile (ACN), phosphate buffered 

saline (pH 7.4, PBS) was prepared using 8.0 g/L NaCl, 0.2 g/L 

KCl, 1.44 g/L Na2HPO4.2H20 and 0.2 g KH2PO4 (Merck). 

Dulbecco’s modified Eagle Medium (DMEM), DMEM / Ham’s 

F12 mixture (F12), penicillin/streptomycin (P/S) (10000/10000 

units) and 200 mM L-Glutamine were purchased from Lonza. 

Foetal bovine serum (FBS) was purchased from Biowest. 

CytoPainter Phalloidin-iFluor 555 reagent was purchased from 

Abcam. 

 

Apparatus 

Voltammetric experiments were carried out with a PalmSens 

Electrochemical measurement system (Palm Instruments, 

Houten, The Netherlands), where the modified ITO-glass was 

used as the working electrode. An Ag+/AgCl electrode (with 3.0 

M KCl saturated with AgCl as the internal solution, Metrohm 

Analytical, CH-9101) and platinum electrode (Metrohm, 

Switzerland, www.metrohm.com) were used as reference and 

counter electrodes, respectively. The electrodes were inserted 

into a conventional electrochemical cell (10 mL). 

Olympus CKX41 model inverted microscope equipped with 

DC30 camera was used for cellular imaging.  

A Keithley electrometer 2400 was used two probe 

measurements. Electrical contacts were made using silver paste. 

AFM analyses were performed by Veeco MultiMode V AS-130 

(‘‘J’’) model for surface characterization. Philips XL-30S FEG 

model SEM was used. Contact angle measurements performed 

by Attension Theta. All reported data were given as the average 

of three measurements ±SD. 

Synthesis of 3-(2,5-di(thiophen-2-yl)-1H-pyrrol-1-yl)aniline 

A modified procedure for the synthesis of SNS-mNH2, 3-(2,5-

di(thiophen-2-yl)-1H-pyrrol-1-yl)aniline has been established. 

The polymer was synthesized from 1,4-di(2-thienyl)-1,4-

butanedione and benzene-1,3-diamine in the presence of 

catalytical amount of propionic acid. A round-bottomed flask 

equipped with an argon inlet and magnetic stirrer was charged 

with 1,4-di(2-thienyl)-1,4-butanedione (0.35 M), benzene-1,3-

diamine (0.45 M), propionic acid (0.36 M) and toluene. The 

resultant mixture was stirred and refluxed for 24 h under argon. 

Evaporation of the toluene, followed by flash column 

chromatography (SiO2 column, elution with dichloromethane), 

afforded the desired compound. 

Construction of biofunctional surface 

Initially, the ITO glasses were cleaned with sequential 

sonication in acetone, isopropyl alcohol, ethanol and distilled 

water. Electrochemical polymerization of monomer was 

potentiodynamically carried out between the potential range -

+0.5 V and +1.2 V (versus Ag+/AgCl) in 0.1 M NaClO4 / 

LiClO4 / ACN medium at a scan rate of 0.1 V s-1. The polymer 

coated surface was washed with distilled water to remove 

unbound residues. The presence of the free amine groups on the 

conducting polymer backbone can be utilized for the covalent 

attachment of RGD peptides via formation of amide bonds. 

Thus, EDC reaction was used to immobilize RGD peptide onto 

the conducting polymer coated surface. To activate carboxyl 

groups of the RGD peptide, RGD (0.05 mg/mL) and 0.2 M 

EDC were dissolved in pH 7.4 PBS buffer and incubated at 

1200 rpm for 15 min. Then, polymer coated surface was 

incubated with activated RGD peptide during overnight. ITO-

glasses were rinsed with PBS and distilled water three times to 

remove unbound molecules.  

Surfaces electrochemically characterized by CV and DPV. CV 

of poly-(SNS-mNH2) on ITO-glass carried out between the 

potential range -0.5 V and +1.2 V (versus Ag+/AgCl) in 0.1 M 

NaClO4 / LiClO4/ ACN medium at different scan rates. DPV 

studies of ITO, ITO/SNS-mNH2 and ITO/SNS-mNH2/RGD 

surfaces were performed between +0.5 V and -0.3 V in 0.1 M 

KCl and 5.0 mM K4Fe(CN)6/100 mM PBS.  

Film thickness is determined by using cyclic voltammograms in 

the electropolymerization process. The charge of polymer is 

calculated from the area of voltammogram and thickness as a 

ratio of charge is calculated as previously reported.14, 57 

The experiments were conducted at ambient temperature 

(25°C). 

Cell culture 

Vero and HaCaT cell lines were purchased from ATCC and 

CLS, respectively. Both of the cell lines were maintained in 

DMEM supplemented with 10% FBS (Biowest), 1.0% P/S, and 

2.0 mM L-Glutamine at 37°C in a humidified incubator with 

5.0% CO2 in air. SH-SY5Y (ATCC) maintained in 1:1 mixture 

of DMEM/F12 supplemented with 10% FBS, and 1.0% P/S at 

37°C in a humidified incubator with 5.0% CO2 in air. All cells 

were subcultured at 80% confluency by trypsinization every 

two or three days. 

In all experiments, 5×101 cell per mm2 was seeded onto the 

sterilized surfaces under common cell culture conditions. 
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Modified ITOs were placed in 6-well plates to maintain cell 

culture medium. 

Polymer thickness effect on Vero cell adhesion was 

investigated during 24 h. To determine time dependent 

adhesion and proliferation behaviors of Vero cells, cells were 

incubated at 37°C for different incubation times (4, 24, 48 and 

72 h) on surfaces. Also Vero, HaCaT and SH-SY5Y cells were 

cultured during 72 h to compare their proliferation behaviors on 

surfaces. The conventional PS surface was used as control for 

each experiment. Subsequently, cells were fixed, stained and 

visualized by FM as described in the sequential section. 

Imaging 

To determine number of cells on surfaces, cells were fixed with 

4.0% formaldehyde in PBS for 1 h at 37°C after different 

incubation times. Permeabilization of cells was facilitated by 

treatment with 0.1% Triton X-100 for 4 min. Then, DAPI 

nucleus staining was performed for 5 min. Cell number was 

determined at three different locations for each sample by using 

NIH Image J software. Three different experiments were 

performed for each condition. 

CytoPainter Phalloidin-iFluor 555 Reagent was used to stain F-

actin filaments of cells on surfaces. For F-actin staining, cells 

were fixed with 4.0% formaldehyde in PBS for 30 min. 

Permeabilization procedure described above was followed by 

actin staining for 60 min. After extensive washing with PBS, 

the cells were imaged using a fluorescent microscope with 

appropriate filters (with 10x magnification). 

For SEM and AFM analyses cells were incubated 72 h and 

fixed on surfaces with 4.0% formaldehyde in PBS for 1 h at 

37°C and then air dried during 24 h.58 AFM was used in 

tapping mode and SEM analyses carried out at 5.0 kV for all 

experiments. 

The experiments were conducted at ambient temperature 

(25°C) unless stated otherwise. 

Statistical Analysis 

GraphPad Prism version 5.03 (GraphPad Software, San Diego, 

CA) was used to obtain graphs and for statistical analyses. Non-

parametric Mann-Whitney U test was used to compare relative 

cell numbers per surface area among different surfaces. 59 

Statistical significance was denoted with *, **, and *** for p 

≤0.05, p ≤0.01, and p ≤0.001, respectively. 

Conclusions 

Here we describe that the electrochemically polymerized SNS-

mNH2 performs well as an immobilization matrix for RGD 

facilitated cell adhesion. The constructed biofunctional 

platform is appropriate for optical measurements. Owing to 

high conductivity, it is also possible to use the proposed surface 

in electrochemical platforms. The RGD modified surface is cost 

effective and easily prepared. Therefore, the modified surface 

can be combined with lab-on-a chip systems to monitor living 

cell, effects of drugs and chemicals as well as analyzing cellular 

dynamics via optical detection, electrochemical detection or 

systems that using both. 
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