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Abstract: In this study, a novel indium tin oxide (ITO)-polyaniline (Pani) biosensor was
designed, fabricated, and characterized. Initial testing was conducted for the detection of
bovine viral diarrhea virus (BVDV). The biosensor design was based upon the specific nature
of antibodies to capture the target virus, and the conductive properties of self-doped Pani to
translate the antibody-antigen binding into a quantifying signal. The first part of the study was
to assess the feasibility of the self-doped Pani to be incorporated into the biosensor design by
evaluating its several parameters, such as conductivity, physical structure, thermogravimetric
properties, and antibody-binding properties. The second part of the paper highlights the
fabrication of the ITO-Pani biosensor to detect the presence of bovine viral diarrhea virus
(BVDV) in pure culture. Although only BVDV culture was tested in this study, the biosensor
is versatile for the detection of other pathogen of interest by changing the specificity of the
antibodies.
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1. Introduction

For the last 25 years, biosensors based on the conducting polymer polyaniline (Pani) have beer
investigated to detect numerous types of targets. Besides its excellent electrical and optical properties
Pani is also shown to be a mediator of antibody immobilization by entrapping these biological sensing
elements in the polymer matrix,(2). It has been shown that these entrapped biological materials
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maintain their biological activityl( 3). This entrapment feature is widely used for direeasurement of
antibody-antigen bindingd( 5) and is further investigated in this paper.

Polyaniline is extensively researched for its eleat, optical, chemical and electrochemical prdipsr
due to its simple synthesis method, stability in and potential range of applicatior@.(It is the best-
known semiflexible rod conducting polymer systenthméhemical and structural flexibility surrounding
its amine nitrogen linkages for binding with biolog) materials 7). The electrical property of Pani is pH-
dependent with most studies conducted in a pH lémgkr than pH 4.08). In a biosensor design
however, nearly neutral pH solution (pH 6-8) is ortant since most biocatalytic and immunological
reactions occur optimally at neutral pH (pH 7). $hiis a challenge to incorporate biological edes in
the conventional pH-dependent Pani synthesis dtleetacidic environment.

Recently, significant progress has been accompuligbeimprove the electrical and physiochemical
properties of Pani in a higher pH levél-11). One progress is by introducing acid residueshi
emeraldine base (deprotonated Pani) to give rise $0-called ‘self-doped’ PaniX). Lukachova et al.
(2003) reported that the addition of sulfonic agrdup to the benzene ring of Pani resulted in a Pan
structure with a negatively charged functional gragting as an inner anion dopant. No anion ortrelec
exchange between polymer and surrounding solutias kequired during the oxidation and reduction
processesl(l). Such type of Pani had a conductivity of apprately 1 S/cm in an environment of up to
pH 7 (L1). The most common route for the preparation dfdeped Pani is by chemical modification of
the emeraldine base with camphorsulfonic acid (C@2). Based on the characterization studies of the
chemical degradation of Pani-CSA compounds by Rargtoal. (1999), Figure 1 shows a proposed
polymerization process of Pani in CSA (adapted fi@n

Polyaniline doped with camphorsulfonic acid

Figure 1. Proposed mechanism for chemical polymerizatioRafi doped with camphorsulfonic acid
(adapted fromi3).
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From previous publicationsl4, 15), a conductometric biosensor based on a sandwiahunoassay
format was designed for microbial and viral detttiThe biosensor consisted of lateral-flow memésan
as the platform, antibodies as the bio-receptorramdself doped Pani as the transducer. The pres#nc
antigen was detected by measuring the presenceamf Rhich was manifested by an increase in
conductance (or a drop in resistance). Althoughbibsensor has a promising performance in deteeting
low level of antigen concentration, the design hesvéhas a disadvantage: the platform can onlysee u
once due to the non-reversible properties of niifatose and cellulose membranes. Because ofttigs,
calibration (control sample) and the sample testizugnot be performed on the same biosensor platform
The inability to calibrate and test samples ushiydame biosensor was thought to contribute ttatige
variability observed in previous experimentkb)( The aforementioned challenge has motivated the
authors to explore the use of indium tin oxide gi@$0O) as a biosensor platform.

The main goal of this paper was to demonstratedmeept of using ITO glass, and spin-coating Pani
and antibodies on it, to create a biosensor platfdm this study, the self-doped Pani was firsttgsized
and characterized to evaluate its feasibility fuzorporation in the biosensor design. Then a metiod
spin-coating self doped Pani and antibodies spmetofibovine viral diarrhea virus, our model pathogge
was evaluated.

2. Results and Discussion
2.1 Characterization of polyaniline

Sergeyeva et al. (1996) reported that the condtctnf non-self doped Pani (Pani chemically
polymerized with hydrochloric acid) linearly incseal with increasing molecular weight from 10 KDa up
to 45 KDa. The conductivity of 100 KDa of the saRamni, however, was reported to be lower than that o
the 45 KDa (4). Owing to this report, three comnadlg-available emeraldine base compounds were self
doped with camphorsulfonic acid: two with moleculeggights larger than 45 KDa (65 and 50 KDa) and
one lower than 45 KDa (20KDa). Figure 2 shows tbedactivity of self and non-self doped Pani
compounds using a four-point probe meter. Amongseieédoped Pani, the compound with a molecular
weight 65-KDa has the highest conductivity at li&n&ns (S)/cm, followed by the 50 (0.44 S/cm) and
the 20 (0.36 S/cm) KDa. The conductivities of thesk doped Pani are within the range of condulstivi
levels found in a previous study (11) and are aégmwrted to be increasing with increasing molecular
weight. Interestingly, the commercially-availablenaself doped Pani has the highest conductivit§.at
S/cm even though its molecular weight of ~15 KDansller than the self doped compounds (Figure 2).
This finding may be due to the different dopenxgds used in the Pani polymerization process &, As
indicated earlier, the self doped Pani was dopeith wamphorsulfonic acid while the commercially-
available non-self doped compound was doped wipitaprietary organic acid. This observation was
confirmed in the subsequent transmission electrienogcope (TEM) analysis.

A transmission electron microscope (TEM) was usedstudy the morphology of Pani compounds
(Figure 3). The TEM images show that the higherrtizdecular weight of the self doped Pani, the large
is the polymer structure. The 65-KDa self dopedi PFaapproximately 12pum in diameter (Figure 3cg th
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50 KDa Pani is about 5 um (Figure 3b) and the 2@HKani is 2um (Figure 3a). Additionally, Figure 3
also shows that the self doped Pani compounds tmave globular shapes and are smaller than the non-
self doped Pani. The non-self doped Pani is mora @fd shape with an approximate length of 100um.
Duic et al. (1994) and Stejskal et al. (1998) albserved differences in size and shape of Pani whiery
different types of doping acids in their polymetiaa processes.

HH

Conductivity (S/cm)
N

0 T T T 1
Self doped-20 Self doped-50 Self doped-65  Non self-doped-
KDa KDa KDa 15 KDa

Figure 2. Conductivity of polyaniline compounds.

100 um

(c) (d)

Figure 3. Transmission electron microscopy images of a) B@&Kkb) 50 KDa, and c) 65 KDa self doped
Pani, and d) non-self doped Pani.
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The conductive property of Pani was further evaddily measuring its amperometric response. Both
the self and non-self doped Pani compounds werecated on the ITO substrate and tested for their
amperometric responses using the electrochemitalpséescribed in sections 3.1.1 and 3.1.2. These
substrates are referred to as ITO-self doped a@d-tibn self doped substrates hereafter. Figure wssho
the amperometric response of the ITO-self dopedtsates in phosphate buffer (PB). The ITO coated
with the 65-KDa self doped Pani results in the Bsgramperometric signal at 530.52 pA. This is fedd
by the ITO glasses coated with 50KDa (355.78 pA) 20 KDa (105.13 pA) self doped Pani (Figure 4).
A similar trend was observed in the conductivitypesiment (Figure 2). Therefore, it is appropriate t
conclude that the molecular weight of self dopeadiRa directly related to its conductivity. This
observation could be explained in terms of polytreerkbone density. As the molecular weight increases
the length of the polymer backbone per unit areaemses as welll{), enhancing the flow of electrons
and subsequently increasing the conductivity. Ailaincharacteristic was also reported by Ryu et al.
(1999).
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Figure 4. Amperometric responses of ITO -self doped polyaaicompounds.

Thermogravimetric (TG) analysis was conducted tolthe effect of temperature on the Pani weight.
Figure 5 shows the changes in the weight loss efs#ilf doped Pani (65 KDa) after exposing the
compound to temperatures ranging from 22°C to 308°€imilar trend was also observed when testing
the 50 and 20 KDa Pani compounds. Figure 5 shostsep rate of weight loss change in regions A (22°C
to 75°C) and B (210°C to 300°C), and a smaller e&tehange in region C (75°C to 210°C). From this
finding, it is optimal to use the Pani between temapures ranging from 75°C to 210°C (region C)esiac
temperature fluctuation within this region wouldlytead to a small change in Pani weight loss (Feégu
5). Since it was shown earlier that the weight ahiRaffected the conductive property of the polyntiee
use of Pani in region C would ensure minimal charigeghe polymer conductive property. Temperature
levels at this region, however, are too high foy biological element, such as antibodies, in tlesénsor
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design. An antibody thermal stability study conéddthat a heat treatment at 60°C resulted in the
cleavage of the antibody heavy and light chains@ndoted the denaturation of the protei)( For this
reason, most biosensor operations are conductembim temperature (~ 25°C)9, 20). Since the Pani
weight is sensitive to temperature changes bet&@etC and 75°C (region A), a temperature-controlled
mechanism needs to be introduced to the biosersigrdto minimize temperature-dependent variations
in the polymer properties.
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Figure5. Percent of weight loss of 65 KDa Pani in varyiegperatures.

The pH-dependency of Pani compounds was also ctedlire this study by testing the self and non-
self doped Pani compounds in electrolytes withedéht pH levels: PB at pH 7.4 and 1 M hydrochloric
acid at pH 1.0 (Figure 6). Results show no statitdifference in amperometric responses between th
ITO-self doped Pani (50 KDa) tested in PB, and thédt M hydrochloric acid. This finding suggestath
there are no changes in the conductivity levehefgelf doped Pani from a highly acidic to a neaurtral
pH environment. A significant difference in respesdiowever, was observed between the ITO-non self
doped Pani in PB and that in 1 M hydrochloric acidhough the above substrate resulted in a high
amperometric response (34004i%) in 1M hydrochloric acid, the ITO-non self dopBdni was observed
to be not conductive in PB (Figure 6). Additionaliiyge amperometric response of the ITO-non seledop
Pani substrate was observed to be 10 times higharthat of the 50 KDa self doped Pani (355.78 inA)

1 M hydrochloric acid. Though the reason for tlesot yet stipulated, the difference in types atisc
used in the doping process could be a factor ferdifference in the conductivity level of the twested
Pani compounds. A study reported that differentoasi present in a doping acid influenced the
conductivity, solubility, and other chemical chamistics of Pani4l, 22). This finding confirms that the
conductivity of the non-self doped Pani depend$llyign pH levels and therefore, is not suitabldé¢o



Sensors 2007, 7 1129

used in a neutral pH environment where most immagiodl reaction occurs optimall3). Due to this
finding, the self doped Pani compounds were chdeehe incorporated in the subsequent biosensor
fabrication.
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Figure 6. Amperometric responses of ITO substrates coatddnen-self doped Pani and 50 KDa self
doped Pani in two pH controlled electrolytes.

2.2 Concept of detection

The ITO-Pani biosensor uses a direct antibody-antiginding format with the self doped Pani as the
transducer. By using the three-electrode electroated set-up, the input signal is transferred frtira
auxiliary electrode to the working electrode by itveic charges forming in the electrolyte solutidvhen
a fixed potential is applied, electrons are allowedlow freely from the auxiliary electrode to theO-
Pani substrate (working electrode) due to the cotivi property of Pani and ITO substrate. When
proteins (e.g., antibodies with a molecular weightl50 KDa), are immobilized within the polymer
backbones, electron flows are restricted. This phemon could be caused by the insulating protein
membrane, interfering the transfer of electrondiwithe polymett-backbone 24). The electron flow is
restricted even more when a bigger antigen-antilmmgplex (molecular weight of BVDV is at least 4
MDa) present within the Pani backbone. It is heypdthesized that the bigger the protein complex
present in the Pani backbone, the more restristéuki flow of electron.

A potential of between 0.2 V and 0.8 V has beenatestrated in previous studies to be a sufficient
input signal, especially when dealing with wholdlscer biological elements2b-27). Therefore, in this
study, a constant potential of 0.5 V was choseitrarlty as the input signal.

The biosensor detection concept is based on fferatice between the signal beford @énd the signal
after (P) antibody-antigen binding (Figure 8). This currenbp (Al) is expressed mathematically Ad=
I° — I°. Theoretically, the higher the current drop betweand f, the more antibody-antigen complexes



Sensors 2007, 7 1130

are formed on the biosensor surface, blocking taester of electrons. Therefore, the value of curre
drop (Al) should be increasing with increasing antigencemtration.
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Figure 7. Schematic of an ITO-Pani biosensor before aret afttibody-antigen binding.
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Figure 8. ITO-Pani biosensor.
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2.3 Fabrication of | TO-Pani biosensor

The ITO-Pani biosensor consisted of two componemisiunosensor and an amperometric measuring
device (Figure 8). The immunosensor was construftted an ITO glass, and layered with Pani and
antibodies. The amperometric measuring device walree electrode electrochemical cell that was
connected to a potentiostat and described in det#iile Experimental Section (section 3). The ITi@sg
is a common substrate used in an amperometricrBosalue to its structural flexibility to bind datéy
with biological elements 28), stable electrical property with high charge-marrdensity 29), and
inexpensive production cost. In this study, an igl@ss substrate with a dimension of 1.27 X 2.53.X
cm®and a resistance value ranging from 15 to 25 ohers wrepared for biosensor fabrication.

To fabricate the biosensor, the ITO substrate was ¢leaned and treated with a strong oxidizing
agent, ammonium hydroxide, to enable the adhereh&ani to the ITO substrat8Q). Figure 9 shows
the increase in thickness with MBIH. Then, the self doped Pani was layered ontdTt@esubstrate using
a spin coating method. Spin coating method waseshbgcause of its ease of use, rapid processimg tim
reproducibility and is inexpensive compared to othyges of polymer coating mechanism, such as
Langmuir-Bloggert technique3l) or layer by layer molecular depositids2]. With a speed of 500 rpm
for 6 seconds, a thickness of 324.62, 234.2, an@59dm were observed on the ITO substrates coated
with 65, 50 and 20 KDa Pani, respectively (Figudg. After the coating procedure, the substrate tvas
functionalized into a biosensor by immobilizing ianties onto the surface. A three-electrode
electrochemical cell was used to charge the subdtyaapplying a small (0.5 V) negative potentidiis
step was essential to promote electrostatic bonlétegyeen the negatively charged substrate and kie N
site of the antibodies38). The use of a divalent crosslinker, glutaraldehyalso helped facilitate the
antibody binding mechanisr4, 35).

The successful fabrication of the biosensor wasuatad by using an atomic force microscope (AFM).
Figures 9-14 show AFM images of an ITO-Pani biosermwepared with 20, 50, and 65 KDa Pani,
functionalized with antibodies, and incubated wiiffi and 18 CCID/ ml of BVDV. An increase in height
in the z direction (thickness) between plain ITQy(ffe 9) and ITO-Pani substrates (Figure 10) irtdiga
successful polymer coating. Figure 10 also showasttie higher molecular weight Pani formed a thicke
layer on the ITO substrate. Similarly, an increaséhickness was observed in Figure 11 where eéch o
the ITO-Pani substrate was immobilized with antibedsuggesting successful antibody immobilization.
More importantly, Figures 12-14 show the AFM imagéshe biosensor surface after incubating them in
various concentrations of BVDV cultures. A thicksubstrate was observed when incubating the
biosensor with the higher concentration of BVDVpparting the logical phenomenon that the higher the
antigen concentration, the more antibody-antigenpgiex occurs. When the biosensors were tested with
the same level of BVDV concentration (e.g.® TCID/ml), biosensors coated with the higher molacu
weight Pani (e.g., 65 KDa) were observed to bekdrithan that with a lower molecular weight (e2f),
KDa) (Figures 12, 13 and 14). This finding showat ttine higher the molecular weight of Pani, theemor
antibody binding sites is available. This findisgurther confirmed in the subsequent experiment.
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Figure 9. Atomic force microscopy images of a) untreated Ji&ss and b) ITO glass treated with
ammonium hydroxide (NFDH).
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Figure 10. Atomic force microscopy images of a) ITO glasateel with (NHOH) and spin coated
with 65KDa, b) 50KDa, c) 20KDa Pani.
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Figure 11. Atomic force microscopy images of a) ITO glassi\gmated with Pani (65KDa) +
antibody, b) Pani (50 KDa) + antibody, and c) R@6i KDa) + antibody.

1000.0 nm

500.0 nAm

2,0 nm

LIt

00

150

Average thickness 1n z direction a) 524 .62 nm_

Figure 12. Atomic force microscopy images of a) ITO-Pani leiasor (65KDa) tested with
a)1PCCID/ml and b) 16CCID/mI of bovine viral diarrhea virus (BVDV).
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Figure 13. Atomic force microscopy images of a) ITO-Pani leiasor (50KDa) tested with a)
10°CCID/ml and b) 16CCID/ml of bovine viral diarrhea virus (BVDV).
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Figure 14. Atomic force microscopy images of a) ITO-Pani leiasor (20KDa) tested with a)
10°CCID/ml and b) 16CCID/ml of bovine viral diarrhea virus (BVDV).
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To elucidate the use of Pani as a mediator or ae"gfor the binding of antibody on the biosensor
platform, ITO glasses undergoing A) the fabricatocess described in sections 3.4 and 3.5, arnleB)
same fabrication process without the Pani spinkegattep, were tested for their amperometric respsn
(Figure 15). Depending on the fabrication proc#ss substrate is referred to as substrate A ortraibB
thereafter. Figure 15A shows a significant differetetween {) and (P) for substrate A. The Y and (P)
responses for substrate B (Figure 15B), on therdthed, are statistically insignificant betweenteac
other. The latter finding is proposed to be causgdhe absence of Pani on the ITO substrate which
contributes to the lack of antibody binding, anthsaquently to the insignificant responses betwédn (
and (P). To investigate this theory further, the presenicantibodies on both substrates was confirmed by
repeating the above experiment with flourescengi¢dgantibodies. Results show that a much higher
fluorescence emission level (250 out of 256-bibcohode) was observed from substrate A than toat fr
substrate B (20 out of 256-bit color mode). Thisding implies that more antibodies are present from
substrate A than substrate B. Therefore, in thidystit can be concluded that Pani is not only meglas
the biosensor transducing system but also as aateedor the antibody binding. Kim et al. (20003l
demonstrated the use of Pani as a mediator betiieeantibodies and gold electrodes in their Pasetla
biosensor.
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Figure 15. Current-versus-time response of A) substrate (blosensor spin-coated with self-doped
Pani and B) substrate B (ITO biosensor without aating). Amperometric responses of both substrate
at every fabrication stage (C).
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Figure 15C shows the amperometric responses ofbibeensor at every fabrication stage. The
amperometric responses were calculated using ttteochedescribed in section 3.1.2. An increase in
current response is observed after the ITO sulkstsatoated with Pani. Then a decrease in current
response is observed after antibody immobilizateuggesting the reduction in the electron flow that
could be due to the insulating property of antilesdiA much higher drop in current response is ekeser
after the antibody-antigen binding. This result mags the proposition made earlier that the bigger
protein molecules present on the surface of thednisor, the lower the flow of electrons and thus th
smaller the signal response.

This study shows the possibility of using ITO glassupled with spin-coating mechanism to deposit
Pani and antibodies on the biosensor surface, reswvabiosensor platform. In this format, the abilaty
using the same biosensor for both the blank angksatasting is shown to be promising. Further study
will be dedicated in analyzing the sensitivity, gfieity and stability of the biosensor to deteair@
culture of target organisms.

3. Experimental Section
3.1 Reagents

The reagents included emeraldine base with moleeudgght of 65, 50, and 20 kilo-Dalton (KDa),
camphorsulphonic acid, methanol, chloroform, glitshyde, nafion, phenol, 0.1 M phosphate buffer pH
7.4 (PB), ITO glass, silver/silver chloride electeo(Princeton Applied Research, TN), platinum etz
(CH instruments, TX), affinity purified swine antBVDV polyclonal antibody (USDA: NADL, IA),
fluorescein isothiocyanate (FITC) labeled BVDV éaotly (Veterinary Medical Research &
Development, WA), and chromic-sulfuric acid solati@gicca Chemical company, IL). All other reagents
and materials were purchased from Sigma-Aldrich [Mf@less otherwise noted.

3.1.1 Apparatus

A three-electrode electrochemical cell (MSU ScientiGlassblowing laboratory, Michigan State
University, MI) was used, with a platinum countéotrode, a silver/silver chloride reference eled#,
and the ITO glass as the working electrode. Thetrelehemical cell was used with a VersaStat Il
potentiostat (AMETEK Princeton Applied Research,) TiNthe amperometric mode with 0.1 M PB as the
electrolyte.

3.1.2 Amperometric measurement

The amperometric measurement was conducted byirfrstersing the ITO glass in a 45-ml of PB.
Using the three-electrode electrochemical cellugeta fixed potential of 0.5 Volts (V) was applieder
25 minutes. The theoretical value of the curreoivfbetween the working electrode and the electolyt
was obtained by performing a linear regressionyaisbn the charge-versus-time experimental data.
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3.2 Pani preparation

Self doped Pani was prepared by doping emaraldase with camphorsulfonic aci@, (16, 36). Each
of the commercially available emaraldine base campowas doped with camphorsulfonic acid in the
ratio of 1.0 p-phenyleneimine §B4N) unit per 0.5 mol doping acid. Emeraldine and pharsulfonic
acid were mixed using a mortar and pestle in aogén environment. The mixture was dissolved in
chloroform to give a final concentration of 0.5 §6weight. To improve processability of Pani, phieimo
a ratio of 0.5 mol per p-phenyleneimine, was adddéek mixture was stirred for 15 minutes before gein
filtered through a 0.45 um filter paper. The santwas then stirred for 72 hours before furtheduse A
commercially-available non-self doped Pani with aleoular weight > 15 KDa was purchased from
Sigma-Aldrich (MO).

3.3 Pani characterization: conductivity and physical features

A mixture of each self-doped Pani compound dissblwve chloroform was air dried overnight. The
dried Pani was compressed into pellets and its wdiity was measured using a four-point-probe
(Signatone model S-301, CA).

A transmission electron microscope (TEM) (JEOL ZHABB 200 kV field emission, Center for
Advance Microscopy, Michigan State University) aard atomic force microscopy (AFM) were used to
inspect the physical morphology of Pani and thesémsor. No pretreatment was performed prior to the
analysis.

3.4 Fabrication of the ITO-Pani biosensor

Indium tin oxide glass with a dimension of 1.27 ¥2.54 cm was used as the biosensor platform. The
ITO glass was first washed with methanol/chlorofdfimi) before being soaked in ammonium hydroxide
and air-dried 30). A 100-ul of Pani solution prepared from the abovethod was used to spin-coat a thin
layer of the polymer on the ITO platform at theegb@f 500 rpm for 6 seconds. The substrate wasdeft
air-dry and referred to hereafter as ITO-Pani sabest

3.5 Antibody immobilization and confirmation

The ITO-Pani substrate was functionalized into @sénsor by using target-specific antibodies at 0.5
mg/ml of concentration. All antibodies used in tetady were prepared in PB (pH 7.4). The antibodies
were immobilized onto the ITO-Pani substrate ushegfollowing method:

Using the three-electrode cell and the potentipstgdotential of -0.5 V was applied to the ITO-Pani
substrate for 1500 seconds. Forty-five ml of PB wsad as the electrolyte. After applying the pao&ént
for 1500 seconds, the substrate was removed frenceh and then immersed in 1ml of solution mixture
containing the antibody, 1% glutaraldehyde and B volume ratio of 2.5:0.5:1. The substrate wés le
in the antibody solution at room temperature fon3fQutes 83).
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The above immobilization procedure was repeatedgufiiorescein isothiocyanate (FITC) labeled
antibodies to confirm the antibody immobilizatioA. confocal florescence microscope was used to
visualize and measure the intensity of the emitteatescence and to confirm the immobilization.

3.6 Viral culturing

A characterized strain of noncytopathic BVDV 890nfr the collection of the Department of Large
Animal Clinical Sciences (Veterinary Medical Centbtichigan State University) was grown in bovine
turbinate cells in Eagle’s minimum essential medi#@VEM) broth containing 10% fetal equine serum
for 5 days at 37 °C and 5% @Ohe culture was frozen at —80 °C for 1 hour teakrapart the cells and to
release the mature viruses. Then, the viral cultves centrifuged at 13000 rpm for 10 minutes. The
culture supernatant containing approximately CCID/ml of BVDV was used as the antigen solution f
the subsequent experiments. Virus titer (the nunobénfectious units per unit volume) was deterndine
by a standard metho87%).

3.7 Detection

Detection process was conducted by 1), recordingoeapmetric response after antibody
immobilization, 2) incubating the biosensor fron) (lith 1 ml of BVDV culture for 30 minutes and 3)
measuring amperometric response of the biosensor ({2).

Conclusion

In this study, the self-doped Pani was first chismazed and chosen as the transducing elemengin th
biosensor design due to its conductivity stabilitya near neutral pH solution. By using an AFM, the
fabrication of the biosensor, which includes selvpracesses such as surface treatment, Pani cpandg
antibody functionalization, was demonstrated tesbecessful. The role of Pani as mediator for adfybo
binding on the ITO substrate was also discoveredl g@monstrated by comparing the amperometric
response of a plain ITO and an ITO coated with Pamiignificant value oAl was observed from testing
the Pani coated substrate and not from the plain $liggesting a significant degree of antibody-amtig
complexes on the Pani coated substrate. A preliyistudy on the biosensor’s ability to detecf 10
CCID/ml of BVDV culture was also demonstrated. Hoee experimental conditions such as antibody
concentration, Pani size, immobilization method] arcubation time also play an important role ie th
biosensor development and therefore need to bstige¢ed further.
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