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Abstract

In this study we designed an ultrasensitive eletimical immunosensor for RACK 1 detection
using 1l-cyanoundecyltrimethoxysilane (11-CUTMS) as immobilization matrix to immobilize
biorecognition element. The used silane agent (WT{@S) provides a favorable platform for efficient
loading of anti-RACK 1 antibody. The effective |oagl of the biorecognition element on the 11-CUTMS
matrix was monitored by scanning electron microgd@&EM), atomic force microscopy (AFM) images and
fourier transform infrared spectroscopy (FTIR) gpeec The electrochemical characterization of the
immunosensor was performed by using electrochemicgledance spectroscopy (EIS) and cyclic
voltammetry (CV) techniques. Moreover, biorecogmitinteraction between anti-RACK1 antibodies and
RACK1 antigens was monitored by using single fregqyetechnique (SFI). The operating conditions,
calibration curves obtained during optimization eXperiments and reproducibility of the proposed
impedimetric RACK1 biosensor are also investigaaed discussed. The electrochemical immunosensor
illustrated a sensitive response to RACK 1 antigéh detection limit of 10.8 fg/mL and in the linreange
of 0.036 — 2.278 pg/mL (R0.999). Owing to high specificity, good reprodiikiil, long stability and
reusability, the fabricated immunosensor will po®via sensitive, selective approach to RACK 1 dietect

Furthermore, the practical applicability in humamnwsn samples were investigated with a satisfacEsylt.

Keywords: Receptor of activated C kinase; RACK1; 11-cyanogglliemethoxysilane; ITO; biosensor.



1. Introduction

Receptor of activated C kinase (RACK1) is a 36 ldytsolic protein with a propeller-like structuré o
seven WD40 repeats and belongs to a WD40 supeyfarinproteins, including th@ subunit of G-proteins.
The WD40 repeats of RACK1 play a role in complextein—protein interactions among signaling
molecules such gs integrins, phosphodiesterase 4D5, and Src tyrddimese, as well as protein kinase C
(PKC) [1-3]. It was first identified as an anchaiprotein for protein kinase C (PKC). After RACKaund

to B-PKC, PKC kinase activity was induced. RACK1 pap@tes in signal transduction, immune defense,
cell growth, migration, and differentiation [4-@]hese results suggest that RACK1 might share aimm
carcinogenesis, as reported in multiple tumor typesluding oral squamous cell carcinoma [1, 7],

melanoma, colon cancer [1], non-small cell lungcesnhepatocellular carcinoma and breast cancé&[8,

The ultrasensitive determination of target protelms using electrochemical immunosensors play a
significant role in clinical diagnosis. They hawveral advantages such as ease of operation,nalstses,
low cost and high sensitivity [10]. In label-fremmunosensors, the antibody-antigen complex formatio
causes a change in thickness of the electrodecgyriaat blocks electron transfer. In quantitabwmalysis,

determination of target protein is performed by itwing of changes in electrochemical propertieg [1

Tin doped indium oxide (ITO) is a unique transpareonductive material and it has been used in many
applications such as photovoltaic cell, optoelattralevices and biosensors. In biosensor applicatico

is used as a planar electrode due to its goodaldtiansparency, wide working potential, high eieel
conductivity, high stability, feasibility and easyiniaturization [12, 13]. In this study, ITO wasedsas a
biosensing platform for electrochemical impedanpectoscopy (EIS) measurements. The effective
immobilization of the biorecognition element on ITDrface is important. Therefore, different methods
have been used for modification of ITO slices sashphysical adsorption [14], electrophoretic dejmsi
[15-17], electrochemical deposition [18, 19], sitation [20, 21], self-assembled monolayer formafi22]

and electro-polymerization [23-25]. ITO electrodesre modified with different silane agents such3as
isocyanatopropy! triethoxysilane (IPTES) [26], 3iaapropyltriethoxy silane (APTES) [27-29], (3-
glycidoxypropyl)trimethoxysilane  [30], N-(2-amindwi)-3-aminopropyltrimethoxysilane [20], 3-
mercaptopropyl trimethoxysilane (3-MPTMS) [31], B«gdoxy propyldimethoxysilane [21], 11-
(triethoxysilyl)undecanal (TESU) [32] have beerizgd in literature and they have caught the aitb@nof
many electrochemists due to their unique layer &iom and easy formation features. The principle of
silanization is based on self-assembled monola8&M) formation on the hydroxylated ITO electrode.
SAM layer on the ITO electrode has benefits suchimplicity, stability, reusability, good reprodbdity.
SAM formation via silane agent provides ITO eledgaseful functional ends groups such as -CN, -COOH
-NH, -SH to bind to biorecognition element. These gralips bind to biomolecules and facilitate electron
transfer between biomolecules and electrode surfdoe most important benefit of silane reagent esag

the formation of well-controlled layer for immolaétion of biomolecules [20, 33].



Electrochemical impedance spectroscopy (EIS) isfective method to monitor the property of modifie
electrode surface. This technique has been utiliaadvestigate the configuration and function e¥eral
biosensors such as immunosensors, DNA and enzynsedbdiosensors [34-36]. Impedimetric
immunosensors have attracted interest in recems ykee to their direct and label-free measuremeititya
[37-39]. In this study, apart from EIS techniquer, &n extensive electrochemical surface charaet@wiz of
the electrodes single frequency impedance techmigiseused. Single frequency Impedance (SFI) tedeniq
is an informative technique to monitor the intei@ctbetween RACK1 antigen and anti-RACK1 antibody.
This technique is able to control the biosensohwittotal time and a repeat time [40, 41]. Furthegam
FTIR was used to monitor functional groups on mediiTO; SEM and AFM were used for morphological

characterization of the fabricated ITO immunosensor

The goal of this study is the fabrication of a nestable, sensitive and regenerative ITO based
immunosensor for detection of RACK1 biomarker. I'8@ctrode surface was firstly modified with 11-
cyanoundecyltrimethoxysilane (CUTMS) then with @RACK1 antibody and finally with BSA. 11-
CUTMS was utilized as a self-assembled layer madtand it constructed a bridge between ITO eleetrod
and the biorecognition element (anti-RACK1). Thecalochemical behaviors of the immunosensor were
analyzed by cyclic voltammetry (CV) and EIS. Thetimpm operating conditions, calibration curves
obtained during optimization of experiments andwedpcibility of impedimetric RACK1 biosensor areal
investigated and discussed. This developed immusosehad a wide linear detection range (0.036-2.278
pg/mL) and low LOD (10.8 fg/mL). The results ob&ahfrom real human serum samples showed that ITO
based immunosensor had encouraging perspectivbg iield of electroanalysis. Another significarmtint

was successive regeneration of the developed imsemsor. Although disposable electrode was used, it
could be regenerated. This feature of the electpydeides lower analysis cost. The impedimetrialtss
indicate that RACK1 antigen can be easily and seebr detected by the new immunosensor. Furtheemor
the obtained results showed that the developed mosansor can be utilized to determine RACK 1 in

human serum samples successfully.

2. Experimental details

2.1 Reagents

All chemicals were of analytical grade and utiliz#icectly for the experiments without further pur#tion

and the aqueous solutions were prepared with plira-water. ITO coated Polyethylene Terephthalate
(PET) films (resistance of 6Q/square; thickness of ITO layer 150 nm), 11-cyaneayltrimethoxysilane
(CUTMS), anti-RACK1 antibody, RACK1 antigen and BSwere obtained from Sigma-Aldrich. Anti-
RACK1 antibody, RACK1 antigen and BSA (0.5%) weregared with phosphate buffer (50 mM pH 7.0)
and were stored at -2C until they were used. Ferri-ferro solution, amegrobe, was prepared by using 5
MM K4[Fe(CN)J/K 3[Fe(CN)].



2.2 Apparatus

The EIS, CV, SFI studies were carried out on a GaRwotentiostat/Galvonstat (Reference 1000, Gamry
Instruments, Warminster, PA, USA). A three-electragl/stem was utilized in our study. The CUTMS
modified ITO electrode (2*20 mm), Ag/AgCl electrqdplatinium electrode were utilized as working
electrode (WE), reference electrode (RE), and @uatectrode (CE), respectively. The RE, CE were
purchased from BASi (West Lafayette, IN, USA). Téoarface topography of modified ITO electrode
surface was monitored with SEM measurements usifglaQuanta FEG 250 Model microscope at an
operating voltage 5 kV. AFM images were attaineitigi® NanoMagnetics Instruments-AFM Plus Model.
All AFM images were recorded in tapping mode witbcanmercial tapping silicon tip and the estimaipd t
radius was less than 10 nm. To monitor surface ggdps, FTIR (Bruker Vertex 70 ATR Model) was
utilized. The measurements were performed at thgeraf 4000-400 cthand the results were used without
any corrections. The SEM, AFM and FTIR measurememése carried out at the Scientific and
Technological Research Center of NKU (NABILTEM).

2.3 Procedures
2.3.1 Preparation of Working Electrode

ITO coated PET-films were cleaned in ultrasonidat using solutions of acetone, soap solutiontdtrd-
pure water for at least 10 min each. Then, theyewezated in a solution of 8,/NH4,OH/H,O (1:1:5) for
90 min at room temperature to attain hydroxylatetiva ITO surface. Finally, they were rinsed witltrar

pure water and were dried under argon gas.
2.3.2 Fabrication of CUTMS-modified RACK1 immunosersor

The activated ITO thin films were immersed 0.5% @ILH solution prepared in toluene overnight. The
ITO/CUTMS thin films were then rinsed with toluea®d ultra-pure water to remove non-bonded 11-
CUTMS silane molecules from PET film surface anedirunder argon gas. After that CUTMS modified
ITO thin films immersed into PBS solution contamianti-RACK1 antibodies. For immobilization of anti
RACK1 antibodies, the amount of antibody used watdtozed. The ITO/CUTMS/anti-RACKL1 electrode
washed thoroughly with ultra-pure water. At the lstep of fabrication, BSA (0.5%) was used to bl&rele
silane ends of modified ITO. The fabrication praces impedimetric immunosensor was illustrated in
scheme 1. At the end of these steps our immunoser@soready for RACK1 detection.

2.3.3 Electrochemical Measurements

All electrochemical experiments were performed watlpotentiostat/galvanostat and the electrochemical
features of the modified ITO electrodes were maeiddyy using CV and EIS. The operation parametars f

CV measurements are as follows; scan rate: 100 navisl step size 10 mV, for EIS measurement; initial



frequency: 50000 Hz, final frequency: 0.05 Hz, p&ib, for SFI measurements; frequency: 20 Hz, tepea
time 0.01 min, total time 0.5 h.

3. Results and Discussion
3.1 Design Procedure of the impedimetric RACK1 Immunosensor

Fabrication of RACK1 immunosensor consists of fetaiges: (i) cleaning and hydroxylation of ITO stice
(i) silanization of hydroxylated ITO electrode ifiimmobilization of anti-RACK1 antibody onto the
CUTMS modified ITO electrode via amidine bond betwehe nitrile group of CUTMS and amino group of
antibody (iv) blocking of free CUTMS ends to pret@onspecific interaction. Biosensing procedure and

electrochemical detection of RACK1 are shown ineésct 1.

Scheme 1Schematic representation of biosensing procedutekettrochemical detection of RACK1

antigen

The modification process of the immunosensor waeded by EIS and CV. EIS is an effective technique
for characterization of the interface featureslet&odes. [Fe(CN)Y*] was utilized a redox active probe to
monitor electrochemical behavior of ITO electrod@][ Figure 1A displays the Nyquist diagrams ofteac
electrode involving different construction steps tbe impedimetric biosensor. Nyquist plots of the
electrodes include a semi-circle and linear portiime semicircle at higher frequencies and a limpaat at
lower frequencies is related to electron transfed diffusion processes, respectively. The diamefer
semicircle part shows the electron transfer restgtaR;). A change in the value of.Ris related to the
blocking effect of the stepwise modification progssl of the impedimetric immunosensor. The impedance
values are fitted to standard Randle’s equivalentit, that includes the ohmic resistance of tlexteolyte
solution (R), surface double-layer capacitance (Cdl), Warbomgedance (£) that is originated from the
diffusion of ions from the bulk of the electrolyte the electrode interface, and charge transfestease
(Rey) (Figure 1A inset). Ideally, Zand R show the features of the electrolyte solution difision of the
redox probe, so they are not affected from modifices that occurred on the electrode surface. thtiad,

Cdl and R; are associated to the dielectric and insulatirgpgrties at the electrode/electrolyte interface,

therefore they are affected by the variations aetlion the electrode surfaces [43, 44].

Figure 1.Impedance spectra (A) and cyclic voltammogramsofBhe RACK 1 immunosensor during the

fabrication steps; Randles equivalent circuit (ipse

When CUTMS layer successively immobilized on th® ISurface, the Rvalue increased due to SAMs
insulator property. In addition, a repulsive intg¢i@n was occurred between the negative chargedM®JT
and anionic redox probe occurred and the diamétBiiyquist plot was increased. Thus, negatively ghdr

redox probe could not be diffused easily to thectebele surface. After immobilization of anti-RACK 1

antibodies on the ITO/CUTMS electrode, a semicingi¢h fairly large diameter was monitored. This
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illustrated that immobilized antibodies increase timpedance. Observed increase in the value oiv&s
attributed to the electron transfer hindrance of #ntibody macromolecules. In the next step, BSA
immobilized on the non-binding sites on the ITOctlede and BSA hindered the electron transfer betwe
the medium and electrode so thg Vlue was increased. The Nyquist plot illustratesl expected increase
in Ry after incubation with RACK 1 antigen; as seen FeglA indicated that a specific interaction was

formed.

Furthermore, the fabrication steps of the biosensinrface were examined by CV measurements. CV
analyses of hydroxylated and modified electrodesewearried out to characterize electrochemical ghan
occurred on the ITO electrode surface and redoturfes of biosensor. Figure 1B displays the cyclic
voltammograms of each step of electrode surfaceifroation. Modified ITO electrode surface showed a
quite reversible cyclic voltammogram. As it is saanfigure 1B, hydroxylated ITO electrode had high
anodic-cathodic peak currents. After modificatidrhgdroxylated ITO with CUTMS self-assembled layer,
the redox peak currents were decreased. SAM foomaindered the diffusion of the ferri-ferro iomsviard
negatively charged surface of CUTMS SAMs. In theecaf anti-RACK 1 protein immobilization, a
decrease was obtained due to the interaction batwigle groups on the electrode surface and amino
groups of antibody. In the BSA immobilization stépplocked non-specific binding sites (active itetr
groups) of ITO electrode. After the addition of BSte peak current decreased remarkably, which
indicated that a lot of non-specific binding sitesre blocked by BSA. As can be seen from pink (edéer
BSA) and blue line (after interaction between &MACK 1 and RACK 1 antigen), a decrease in the pink
current was monitored after introducing RACK 1 dre telectrode surface. Consequently, it can be
considered that a specific interaction was formedcsssfully. After all immobilization steps, the

immunosensor was ready for the determination of RAGntigen.
3.2FTIR Studies

In this study, the FTIR spectrometer was usedrfeestigation of chemical reaction between nitrileup of
immobilization matrix on modified ITO electrode aathino groups of anti-RACK1 antibodies. The FTIR
spectra of CUTMS maoadified ITO electrode and antjpodmobilized ITO electrode are shown in Figure 1.
The FTIR spectrum of CUTMS modified ITO electrodiegre 1a) presented the characteristic absorption
peak at 2243 ci (~C=N), which indicated that the self-assembly layereMermed completely [45]. The
FTIR spectra confirmed that the amino group wa®duced onto the CUTMS modified ITO surface (figure
1b). The peak at 1650 ¢hin the FTIR spectrum of modified ITO electrodeifratl that amino groups in
anti-RACK 1 antibodies were covered on the eledrsuarface [46].

Figure 2. FTIR spectra of CUTMS modified ITO electrode (A)daafter anti-RACK 1 immobilization on the ITO

electrode (B)



3.3Morphological characterization of the modified eletrodes

Fig. 3 shows micrographs of the biosensor surfabégined by SEM and AFM along different steps @& th
immunosensor construction. The SEM and AFM imageealed that a uniform CUTMS layer were formed
on ITO substrate in Figure 3A and Figure 3B, respely. The root mean square (RMS) roughness was
found as 5 nm on a 5x5 pum scale. The thicknes3JdiNS layer should be thicker than the height expect
for a monolayer. In addition, the results preseriteat the proposed immunosensor had good analytical
performance and the formed mono- or multilayer diot affect the performance of the proposed
immunosensor. The changes on the ITO electrodacdfter anti-RACK 1 antibody immobilization are
illustrated in Figure 3C and Figure 3D. It can leady seen that the antibodies were bound on uhface

and an uneven surface was formed. After antibodyobilization step, the roughness value of 25.850mm

a 5x5 um scale was achieved. After blockage oilengroups by BSA, the surface structure of thetetele
was changed as seen in Figure 3E and Figure 3FRMt& roughness value of 31.18 nm on 5x5 um scale
was found after BSA blockage step. Figure 3G amifiél 3H illustrate the SEM and AFM images after
anti-RACK 1 antibody and RACK 1 antigen interacBof\s seen in SEM image (Figure 3G), RACK1
antigen presented a flower-like morphology whichniggood agreement with AFM observations and the

RMS value was found as 26.95 nm on 5x5 um scale.

Figure 3. SEM and AFM images of CUTMS modified ITO electrd@e B), after anti-RACK 1 immobilization (C,
D), BSA blockage (E and F), after specific intei@ttbetween anti-RACK 1 antibody and RACK 1 antigénand
H).

3.4 Optimization of Experimental Parameters

A lot of experiments were performed to select optimanalytical conditions. To obtain a sensitivapkt
biosensor with effective catalytic features, optiation experiments of immobilization steps had eagr
importance. These experiments were CUTMS concémrtraptimization, anti-RACK 1 binding period and
concentration optimization, RACK 1 binding perioptionization. All of the experiment were performed a
room temperature. Each optimization step was cleniaed by using electrochemical methods such 8s El
CV.

In the first step of the study, CUTMS concentratimed for SAM formation was optimized. This stepwa
important for binding of adequate amount of biogggton molecules, anti-RACK 1 antibodies, on the
electrode surface. Therefore, three different cotraéions (0.1%; 0.5%; 1% w/w) were tried. CUTMSlha
two groups; silane groups on the one end andenibril the other. These silane ends bound to ITQretke
surface after hydroxylation processes of ITO etet#r The usage of 0.1% concentration of CUTMS was
inadequate to form SAM on the ITO electrode. Thengioof 1% concentration of 11-CUTMS caused
deterioration and for this reason, regular signatse not obtained. The best signals were obtaiffited a

using 0.5% concentration of CUTMS. According to thetained data, a standard curve was drawn by using
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Rct values in the EIS. The obtained signals and dksadard curves are shown in figure SI-1. Anti-RACK
antibody concentration was the second optimizgtemameter. This step was important because the r@mou
of linked biorecognition element affect the sendyi stability and detection range of the develbpe
biosensor. To choose optimum anti-RACK 1 conceimatthree different concentrations was utilized,;
0.4062 pg/mL; 0.8125 pg/mL and 1.625 pg/mL. Thehbgj change in Rvalues was obtained by using
anti-RACK 1 antibody with 0.4062 pg/mL concentratioTherefore, 0.4062 pg/mL anti-RACK 1
concentration was chosen optimum antibody conceotraThe obtained calibration curves after usafje o
these concentrations are shown in figure SI-2.imd the optimum RACK 1 antibody incubation period,
CUTMS modified ITO electrodes incubated in anti-RAC solution for 45 and 60 min. The highest signal
was obtained after 45 min incubation period. Theeef 45 min was chosen as the optimum incubation
period for antibody binding. The low antibody contation (0.4062 pg/mL) and short incubation period
(45 min) decreases the fabrication cost of thedmssr and provides time-saving. The calibratiorvesir
belonging to each period are shown in figure SFBally, the influence of the immunoreaction tine,
other words incubation period of RACK 1 antigen waslied. As seen figure SI-4, the change jmwere
nearly same after 30 min, 45 min, 60 min incubaperniod. The maximum signal was observed at 30 min.
Thus, 30 min was used for subsequent experimentslaort incubation period provides time-saving.

3.5 Analytical performance (features) of the immunsensor

Before investigation of the analytical performarmfethe biosensor, the effect of four parameters sas
CUTMS concentration, anti-RACK 1 antibody concettra and incubation time and RACK 1 antigen
incubation time on the performance of the propasadunosensor were studied. The biosensor analytical
performance experiments were carried out by detextiwn of different RACK 1 concentration under

optimized conditions. Change intRalues was investigated and calculated by theviatig equation:
AR=R4RACK 1)- Ry(BSA)

Where R(RACK 1) is the value of R when RACK 1 antigen incubated with immobilized ibotly,
R(BSA) is the R; of immunosensor after BSA blockage.

Figure 4. Impedance spectra and cyclic voltammograms of theunosensor after incubation with different
concentrations of RACK 1 antigen (A and B), Caltlma curve of RACK 1 (C), SFI spectra of after Sfiec
interaction between RACK 1 antibody and RACK 1 geiti (D).

A relationship was found between the impedance ggmand the concentration of RACK 1 antigen and the
linear detection range was between 0.035 pg/mL 28d@84 pg/mL. This linear detection graph of the
proposed immunosensor is illustrated in figure #ke linear regression equation wak = 2557 [RACK
1]-17.554 (R=0.999). Limit of detection (LOD) for the immunosem was determined to be 10.8 fg/mL

which was obtained based on the signal of blankpgalsiope ratio of three. Limit of Quantificatiobh@Q)



for the immunosensor was determined to be 36 fg/that was obtained based on the signal of blank

sample/slope of ten.

Figure 4 illustrates impedance spectra, CV voltagmams and the calibration curve of the developed
immunosensor. As seen in figure 4A and 4B, thereevem increase in diameter of Nyquist plots and a
decrease in peak currents, respectively. When tiessdts were considered, it was concluded thateai
increase in the RKvalue and a linear decrease in the peak curréué \ad fabricated immunosensor were a
function of analyte concentration. The cause o$ tincrease and this decrease were the formation of
additional kinetic barrier by RACK 1 antigens, ththe entrance of the redox couple to the electsuiface

was limited.

Single frequency impedance analysis is a methadiltbatrates the specific interaction between laodiy-
antigen, probe DNA-target DNA. The basic principfethis technique is based on the measurementeof th
impedance at a fixed frequency versus time. Firsitly frequency that will be used in studies aterdeined

by using Bode Plot. The usage reason of Bode Blgiroviding the impedance data as a function of
frequency. In this study, optimum frequency valweswhosen as 20 Hz. Blue curve and red curvedimdi
4D) illustrates the change in the impedance andctiange in the phage angle as a function of time,
respectively. A significant change in impedanceficored the interaction between RACK 1 antibody and
RACK 1 antigen. These obtained results showedsingte frequency impedance can be utilized for isgns

and biosensing monitoring, for evaluation of slawd-dependent changes on a sensor surface [40, 46].

Repeatability, reproducibility are two importantoperties for practical utilization of the immunosers.
Repeatability analyses were investigated usingfit 20 electrodes. The low relative standardadievi
(RSD 4.52%) of repeatability analysis indicatedttttze developed impedimetric biosensor had good
repeatability. The reproducibility of the fabricdtempedimetric immunosensor was investigated by
constructing 7 biosensors (with equally preparectié8trodes) to detect RACK 1. The calibration plot
these biosensors are shown Figure SI-5. Reproditicils a vital parameter in the performance of the
prepared impedimetric immunosensor. The low RS39%) for the impedimetric biosensor has an

acceptable reproducibility.

Regeneration is an important parameter in redutiegcost of the biosensor. In regeneration analysis
biosensor was prepared as mentioned above. Fiisiy, electrode with anti-RACK 1 antibody on its
surface incubated in PBS solution containing RAC&ntigen. Then, it was incubated in a HCI solu{ibd

mM, 5 min). The aim of this regeneration was brdakvn the specific interaction that occurred between
antibody and antigen Following this, the regenetraterface was incubated with RACK 1 solution (0.57
pg/mL) again. During both of these two experimebtssensor signals were measured. Consequently, our
biosensor was regenerated 4 times. In thee§eneration step, the surface of the biosenssrdaaaged

and it lost 30% of its initial activity (Figure Sl
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Stability of a biosensor is a key parameter in serdgevelopment and application. The stability of
ITO/CUTMS/anti-RACK 1/BSA electrode was evaluatey tneasuring impedance of constant RACK 1
concentration over a period of 10 weeks. The sighdahe biosensor retains approximately 88.8% &8ter
weeks, when it was stored at’@ in dry form. These results confirmed that the riswnunosensor had

satisfactory stability (The storage stability résw@re shown in Figure SI-7).

Selectivity is also significant during practicaliliagition of a immunosensor. The feasibility of the
immunosensor for clinical applications was analyasithg real samples of human serum. To test seigcti

of the proposed biosensor, different interferensesh as biomarkers (Sex-determining region Y-box 2
(SOX2), Melanoma associated antigen 1 (MAGE 1), dumecrosis factor a (TNF)) and drugs
(ampicillin, ciprofloxacin, erythromycin) were adti®BS solution containing RACK 1 antigen and withou
RACK 1 antigen. As seen Fig. SI-8, these interfeesrdid not affect the biosensor signal. RACK Elgwn
human serum was found at nanogram level by BaladiiSezgintirk (2016), which is outside of thedine
range of this impedimetric biosensor. For this oeaghe human serum was diluted 1:100000 in PBS to
reduce RACK 1 levels to a desired concentratiosuRe obtained from serum and after subsequentiaddi

of RACK 1 are displayed in Table 1. The acceptaleleoveries ranging from 91.0% to 109.2% were

obtained also the result showed that the bioseasuitable for potential practical applications.
Table 1.The results of serum samples obtained by the pezpmsmunosensor
4. Conclusion

In this study, we described a novel RACK 1 bioserigbricated by immobilizing anti-RACK 1 antibody b
silanization method on the disposable low-cost Hi€ctrode. For the modification of biosensor, CUTMS
with nitrile ends was used and it formed a seleagsded layer on ITO surface. This sensing platform
exhibited good loading surface of anti-RACK 1 aatlles. After optimization of experimental conditima
sensitive and cheap biosensor was produced. Thisumasensor had a wide linear range (0.035-2.2784
pg/mL), acceptable reproducibility (RSD 4.52%), doepeatability (RSD 4.89%) and long stability 3.
signal after 8 weeks). Furthermore, this biosemss disposable, but after regeneration it couldde for

4 times. This feature decreases the productionafdbe biosensor. The applicability of biosensohuman
serum was confirmed by standard addition methodteb\eer, in this study we analyzed the fabrication
steps of immunosensor by using SEM and AFM for rolpgical characterization. All of these results

confirmed the successful fabrication of the immumssr.
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Figures, Scheme and Table Legends

Scheme 1Schematic illustration of the fabrication protooblproposed immunosensor

Table 1.RACK 1 determination by using the proposed immengsr in human serum
Figure 2. FTIR spectra before and after anti-RACK 1 immdaition

Figure 1. Impedance measurements (A), cyclic voltammogra®sa(d the equivalent circuit model used

for fitting of the impedance data (inset)
Figure 3. SEM and AFM images of biosensor construction steps

Figure 4. Nyquist plots (A) and cyclic voltammograms (B) fdifferent concentrations of RACK 1,
calibration curve of RACK-1 biosensor (C), Singleduency Impedance result (D)

15



Table 1.

Sample Found by biosensor Added RACK 1 (pg/mL) Total found % Recovery % Relative

(pg/mL) by biosensor Difference
1 0.05 0.57 0.58 93.55 6.45
2 0.06 0.57 0.598 94.92 5.08
3 0.065 0.57 0.64 100.79 -0.79
4 0.058 0.57 0.604 96.18 3.82
5 0.054 0.57 0.592 94.87 5.13
6 0.057 0.57 0.624 99.52 0.48
7 0.065 0.57 0.627 98.74 1.26
8 0.06 0.57 0.604 95.87 4.13
9 0.054 0.57 0.615 98.56 1.44
10 0.054 0.57 0.606 97.12 2.88
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The Highlights:

An highly sensitive, disposable, ITO based biosensor was developed for the analysis of RACK-1.
Anti-RACK-1 antibody as a biorecognition component was immobilized on ITO substrate.

CV, EIS, SEM, AFM, and FT-IR methods were used for characterization of the electrode surfaces.

The new biosensor presents highly analytical performance with a linear range 0.036 — 2.278 pg/mL
with a LOD value of 10.8 fg/mL RACK-1.



