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Abstract

An antifouling electrochemical biosensing platfomas constructed based on
conducting polymer poly(3,4-ethylenedioxythiophen€PEDOT) planted with
designed peptides. The designed peptides contaidiging and antifouling
sequences were anchored to an electrode surfdtmydd by the electrochemical
polymerization of PEDOT. The negatively charged idgpsequence of the peptide
was gradually doped into the PEDOT during the pegmation process, and by
controlling the polymerization time, it was able égactly dope the whole doping
sequence into the PEDOT film, leaving the antifoglisequence of the peptide
stretched out of the PEDOT surface. Therefore, &acelent conducting and
antifouling platform was constructed just like giag a peptide tree in the PEDOT
soil. With antibodies immobilized on the peptiday antifouling electrochemical
biosensor for the detection of a typical biomarké&15-3 was developed. Owing to
the unique properties of the conducting polymer BEDand the antifouling peptide,
the electrochemical biosensor exhibited high seftgitand long-term stability, and it
was capable of detecting CA15-3 in serum of breaster patients without suffering
from biofouling. The strategy of planting desigraadifouling peptides in conducting
polymers offered an effective way to develop etsdtemical sensors for practical

biomarker assaying in complex biological samples.

Keywords: Functional peptide; Conducting polymeED®T; Antifouling biosensor;

CA15-3



1. Introduction

Direct, accurate and fast detection of disease &ikens in complex biological
media is of great significance for early clinicahghosis (Vaisocherova et al. 2015;
Wu and Qu 2015). Owing to their unique physical atttemical properties,
conducting polymers have found broad applicationshe development of sensing
systems, and various electrochemical biosensobtapf detecting biomarkers have
been constructed utilizing different conductingymeérs (Liu et al. 2019a; Wang et al.
2018a; Wu et al. 2019). Although conducting polynmeodified electrodes have
exhibited considerable success in biosensing agjits, enormous challenge still
exists when performed in complex biological samptese to the nonspecific
adsorption of various proteins on electrode sudawdich leads to poor sensitivity
and even causes electrode malfunction (Xia et @92 To reduce nonspecific
adsorption, an effective way is the constructioramfifouling sensing interfaces, and
different electrochemical antifouling biosensorsdzhon conducting polymers have
been developed.

Generally, there are three different strategiesatwicate conducting polymer
based electrochemical biosensors with antifoulingabilities. The first strategy is
copolymerization. Antifouling materials (such asyethylene glycol (Cui et al. 2016),
and hyaluronic acid (Wang et al. 2016)) doped cotidg polymer
poly(3,4-ethylenedioxythiophene) (PEDOT) are elsdtemically polymerized on the

electrode surface, and then bio-recognition elem@hEP antibody, CEA, and etc.)
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are immobilized on the antifouling materials to stact the biosensor. The second
strategy is to deposit conducting polymers (poliya@i(PANI) (Hui et al. 2017; Liu et
al. 2018; Liu et al. 2019b) or PEDOT (Wang et &12)) on the electrode surfaces,
and then immobilize the antifouling materials ahé bio-recognition molecules in
turn (Hui et al. 2017; Wang et al. 2017) to fabiéchiosensors. The third strategy is to
synthesize antifouling functional conducting polymenonomers (such as
sulfobetaine-EDOT (Cao et al. 2016; Wu et al. 20p8psphocholine-EDOT (Liu et
al. 2017) and hyperbranched polyglycerol-EDOT (Ma aké 2019)), and then
electrodeposit them on the electrode surfacesirgéztty detect small molecules like
glucose (Wu et al. 2018) or dopamine (Liu et all20 or to prepare biosensors after
immobilization of bio-recognition molecules suchASP antibody (Ma et al. 2019).
The first method is simple, but most of the antiifogi materials are entrapped in the
conducting polymers, and only those exposed orstiface can exhibit antifouling
capability. The second method requires the condggtiolymers to have anchoring
functional groups, for conducting polymers that éaano active functional groups,
such as PEDOT, they need to be doped (Wang edHr) 2r modified (Ma et al. 2019)
with other materials to meet the requirements. Whaore, the conductivity and
stability of the conducting polymers will be affedt after the immobilization of
antifouling materials. For the third method, aniifog functional monomers are not
currently commercialized, and the synthesis of soubnomers is complex and
time-consuming.

In this work, we have creatively designed a mutttfiional peptide with



sequence of CAEAEPPPPQEQKQEQK combining the dopamgl antifouling
functions for the first time, enabling one end bk tpeptide to be doped into
conducting polymer PEDOT, and the other end of pleptide anchored on the
PEDOT surface. The designed peptide can be sedfrdded onto the surface of gold
nanoparticles (AuNPs) electrodeposited on a glaaslyon electrode (GCE) through
the gold-sulphur bond (thiol comes from cysteing ¢€ the peptide). The AEAE
sequence (doping part) connected to the cysteirleegpeptide is negatively charged
and can be used as dopant for PEDOT electropolyateyn. We can precisely
control the doping part to be exactly doped in®BEDOT to form a conducting thin
film, which can remarkably enhance the conductiahd stability of the substrate,
and allow the antifouling QEQKQEQK sequence (amlifty part) to be planted in
the PEDOT film. The linker PPPP sequence betweenltiping and antifouling parts
is beneficial for the QEQKQEQK to formxhelical confirmation, which facilitates the
formation of well-packed antifouling layer (Nowinsét al. 2012). The antibody of
CA15-3, an important prognosis and recurrence disignindicator of breast cancer
(Ge et al. 2017; Liu et al. 2011; Martin et al. 2)lwas used as an example to be
immobilized on the antifouling sequence of QEQKQEQ&hd the constructed
antifouling electrochemical biosensor was succélgsépplied to detect CA15-3 in

the serum of breast cancer patients (As illustratettcheme 1).

2. Materials and methods

2.1. Reagents



Multifunctional peptide (CAEAEPPPPQEQKQEQK, purity 95%) and the
reference peptide (CPPPPQEQKQEQK, purity > 95%ewvekssigned by the authors,
and synthesized by the Bank peptide biologicalneldgy Co. Ltd. (Hefei, China)
and purified by high-performance liquid chromatqgama (HPLC). Anti-CA15-3 (Ab),
CA15-3 and CAl1l2-5 were purchased from Abcam (Cadge;i UK).
4-ethylenedioxythiophene (EDOT), 1-ethyl-3-(3-diimgt aminopropyl)
carbodiimide (EDC)) and N-hydroxysuccinimde (NHS3res obtained from Aladdin
regent (Shanghai, China). Bovine serum albumin (BSAuman serum albumin
(HSA), myoglobin (Mb), lysozyme (Lys), carcinoembnyc antigen (CEA), alpha
fetoprotein (AFP) and prostatic specific antigenSA® were purchased from
Adamas-beta reagent (Shanghai, China). Dulbeccaxlifrad eagle’s medium
(DMEM) was purchased from Sigma (Aldrich, St. LquiO). Human serum
samples of healthy people and breast cancer patieaete provided by the Eighth
People’s Hospital of Qingdao (Qingdao, China), #minformed consent for use of
the human serum was obtained. All the sample patipar was authorized by an
institutional review board of the Eighth People'®oggital of Qingdao and was
performed in compliance with the institutional gelides and relevant laws. Other
chemicals were of analytical purity or better arsbdias supplied. Millipore water
with a resistivity greater than 18(M®from a Milli-Q water purifying system was used
in all experiments. Unless otherwise stated, alptides used in this paper are

multifunctional peptides by default.



2.2. Apparatus

Electrochemical measurements and electrodepositi@ne performed with a CHI
660E electrochemical workstation (Shanghai Chefparatus Corporation, China)
with a conventional three-electrode electrochemigpgdtem composed of glassy
carbon electrode (GCE, working electrode), satdratalomel electrode (SCE,
reference electrode) and platinum wire electrodexiliary electrode). All the
electrochemical experiences were performed at intlyoperature. Differential pulse
voltammetry (DPV) measurements with the potentaadge from-0.2 to 0.6 V at
amplitude of 50 mV, potential increment of 4.0 midapulse period of 0.5 s, were
performed in 5.0 mM [Fe(CN)®**~ phosphate buffer saline (PBS, 10 mM, pH 7.4)
containing 0.1 M KCIl. The parameters of Amperontetrit curve used for
electrodeposition were included constant poterdgfall.0 V and different running
time.

X-ray photoelectron spectroscopy (XPS) was perfarmte monitor element
concentrations using ESCALAB 250Xi spectrometergffilo-VG Fisher Scientific,
USA) with a monochromatic Al & X-ray source (15 kV), as well as all spectra were
normalized by value of the C (1s) peak (284.6 eéMjcular dichroism (CD) of the
peptide was characterized by a Jasco J-1100 GirButroism Spectrophotometer
(Jasco, Japan). The hydrophilia of electrode sasfawas characterized with the
JC2000D1 Instrument (Zhongchen Instrument, Chiaajl the Zeta potentials was
measured with Nano-ZS Zetasizer ZEN3600 (MalverrkK.)J The surface protein

adsorption was supervised using TCS-SP5 confocsér lanicroscope (Leica,



Germany) and SPR instrument (BioNavis 200, Finland)

2.3. Characterization of the peptide

The relationship between net charge and pH of geptivas investigated, and
charge information of peptides was judged by Zetzmtial. The secondary structure
information of the reference peptide was examinadGD spectra in the wavelength
range of 190-300 nm with a step width of 0.2 nmt&/aontact angle was measured
using the sessile drop method to examine the h¥ydroipy of the surface with or
without peptide.

Then, a SPR Navi 200A instrument equipped with @ B laser was used to
measure the protein-nonspecific adsorption ontcAthehip surface with or without
the reference peptide. Firstly, PBS (pH 7.4, 10 md}¥ flowed over the surface at a
flow rate of 50 mL min', then the surface was exposed to 10 mg'nBSA for 15
min at a flow rate of 25 mL min, and next rinsed with PBS at a flow rate of 50 mL
min~* until no further change in the SPR angleSPR). TheASPR was recorded
before and after the protein adsorption and wad tsquantify the amount of protein
adsorbed on the surface. It has been reportedthbathange foASPR of 1° was
calculated to correspond to a surface protein &itsprcapacity of 592.4 ng ci(Ye

et al. 2016).

2.4, Fabrication of electrochemical biosensor

The GCE was polished with 0.3 and 01086 alumina slurry in turn to make it a



mirror-shaped surface followed by ultrasonic clegnin anhydrous ethanol and
Millipore water for 2 min, respectively. AfterwardyuNPs were electrodeposited at
-1.5V to 0.5 V onto the electrode by cyclic voltaetny in 0.5 mM chloroauric acid
(HAUCIy) solution including 0.5 M KN@(AuNP/GCE). Multifunctional peptide was
self-assembled onto AuNPs electrodeposited on GC&baking in 0.14 mM peptide
agueous solution and incubated for over 12 h amréemperature, followed by a
thorough rinse with water (Pep/AuNP/GCE). And thetirect electrochemical
polymerization of EDOT monomers was performed imb of aqueous solution
containing 7.4 mM EDOT, which was evenly dispergedvater by ultrasonication
before polymerization (PEDOT/Pep/AuNP/GCE). Theboaylic groups of CA15-3
antibody were activated by incubation with a solmtcontaining 0.4 M EDC and 0.1
M NHS for 0.5 h, and then incubated with the PEDRER/AUNP/GCE for 2 h at
37°C. After thorough rinsing, the stable Ab/PEDOapFAUNP/GCE biosensor was
obtained. The biosensor was incubated with diffeoemcentrations of CA15-3, the
change of current signals before and after spebifiding was measured by DPV in

the range 0f0.2t0 0.6 V.

2.5. Cdl adhesion test

For cell adhesion study, the Michigan Cancer Fotiod& (MCF-7) cells were
cultured in Dulbecco's modified Eagle's medium (OM)Eand stored in an incubator
with a humidified 5.0% C@at 37°C. Subsequently, the MCF-7 cells with a cell

density of 1x 10 cells mL* were incubated with AuNP, Pep/AuNP, and
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PEDOT/Pep/AuNP modified substrate for 24 h at 3@h@ gently rinsed with PBS to
remove unattached cells. Then Fluorescein Diac€fD#\) was used to stain the
active MCF-7 cells absorbed on the surfaces byrdsmence microscopy using an
excitation wavelength at 488 nm. Finally, imageseveaptured to monitor MCF-7

adhesion on different surfaces.

2.6. Detection of CA15-3

DPV is a sensitive and powerful technique of quatitie detection. DPV
measurements were carried out in PBS (10 mM, pH @€ahtaining 5.0 mM
[Fe(CN)]*’* and 0.1 M KCIThe scan range was taken frei®.2 V to 0.6 V with
incr. E 0.004 V, amplitude 0.05 V, pulse width 0€5sampling width 0.0167 V and
pulse period 0.2 s. After incubation with differemncentration of the target CA15-3

and thorough washing with PBS, the current chamgee recorded accordingly.

2.7. Preparation of clinical human serum sample

All serum samples of breast cancer patients wegpgoed by centrifugation of
fresh blood at 1000¢pm for 5min. The supernatants were collectddhen serum
samples were stored at —80°C and thawed before~usaly, they were diluted

with PBS (10 mM, pH 7.4) and detected with the brsor.

3 Results and discussions

3.1. Investigation of the newly designed peptides
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It has been reported that peptide with a specifiecture can be endowed with
many unique functions on account of its diversityamino acids and controllability
of sequences (Kwon et al. 2019; Tao et al. 2017|skVand Knecht 2017). The
isoelectric point (P1) is an important parametentaintain the electrical neutrality of
designed peptide. The relationship between thechatge and pH of the designed
multifunctional peptide, and reference peptideydfare, was calculated. The PI of
the designed peptide with the sequence of CAEAERERKQEQK is 4.17 (Fig.
S1A), and the measured zeta potentialli8.1 mV (Fig. S1A, B), indicating that the
whole peptide chain is negatively charged due ®itifluence of the doping part.
While the reference peptide (designed peptide withdhe doping part:
PPPPQEQKQEQK), which is the peptide sequence erpmsdhe electrode surface
after controlled doping of the designed peptide thie PEDOT, is electrically neutral
(Pl = 6.57, the zeta potential is near to 0 mVy(B1A, B), indicating that it has
potential antifouling performance (avoid nonspecifidsorption through charge
attraction).

The secondary conformation of polyproline-generatetix for the reference
peptide was determined by circular dichroism (CPpgctrum (Fig. S1C), with a
negative absorption band around 205 nm and avelgtiveaker positive band near
225 nm. Such a secondary structure of the peptigeesce is preferred to achieve an
orderly structure and a higher density of the antihg peptide layer (Liu et al. 2018;
Nowinski et al. 2012).

To evaluate the wettability of antifouling peptideodified surfaces, the static

11



water contact angles of bare GCE, AUNP/GCE anderbée peptide modified surface
(Reference Pep/AuNP/GCE) were presented in Fig.. S30OE surface showed a
water contact angle of 54.8°. After modificationtlwiAuNPs, the original contact
angle increased to 71.3°, indicating a more hydobghinterface of electrodeposited
AuNPs (Wang et al. 2018b). Further modificationhmieference peptide, however,
significantly reduced the water contact angle to.528 owing to the strong

hydrophilicity of the zwitterionic peptide.

To further verify the antifouling performance ofeeence peptide, which is the
peptide sequence exposed on the PEDOT surface,ndingpecific adsorption
experiments on Au chips with and without the rafieee peptide were evaluated by
surface plasmon resonance (SPR). Dynamic adsorptiocesses were recorded in
Fig. S2, suggesting a very small changa®PR and less protein-adsorption capacity
(ca. 7.11 ng cif) for the peptide-coated surface, in contrast ®hhre Au surface
with a strong adsorption of bovine serum albumiBAB (ca. 124.04 ng crf) (Xia et

al. 2019; Ye et al. 2016).

3.2. Characterization of the biosensing interfaces

The biosensor fabrication process was characteusedy XPS and DPV. XPS
data of different modified electrode surfaces we®orded in Fig. S3. As shown in
Fig. S3A, the photoelectron signal of AuUNPs on G&ierged obviously two strong
spectral bands as the characteristic peaks of Apatf84 eV and Au 4f, at 88 eV

(As seen in the inset of Fig. S3A) (Wang et al. &§1Xu et al. 2017). When the
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peptides were anchored on the AuNPs, the photoetepeak of N 2s at 409 eV from
peptide and the weaker signal of S 2p at 162 eYhftbe cysteine residues were
observed (Fig. S3A) (Wang et al. 2017). After tleceodeposition of PEDOT on the
surface, the photoelectron signal of S 2p increasethrkably, and the peak of Au 4f
further declined (Fig. S3B). After the immobilizati of Ab as a macromolecular
protein, the peak value of N 2s significantly irased, and simultaneously, the peak
of Au 4f decreased drastically (Fig. S3C). Whatsrej the detailed statistics of the
content of elements on different modified electrsdgaces were shown in Table S1.
These characteristics confirmed successful modidicaof the electrode step by step,
and the successful construction of the biosensor.

DPV was carried out to monitor changes of curregriad during the step-by-step
modification process in 5.0 mM [Fe(CA§’* solution (10 mM PBS, pH 7.4)
containing 0.1 M KCI. The oxidation peak of [Fe(GN)Y*™ probe on AuNP/GCE
(Fig. 1, curve b) was stronger than that on bar& @&ig. 1, curve a). The reason lies
in that, on the one hand, the deposition of AuNRseases the surface area of the
electrode, on the other hand, AuNPs can promoteldwtron transfer of the probe on
the electrode surface. After multifunctional peptidvas self-assembled onto
AuNP/GCE, the oxidation peak current of the proberdased significantly, ascribed
to the poor conductivity of the peptide (Fig. 1ynvaic). However, the current signal
was dramatically increased after the electrodejposiPEDOT on the electrode
surface (Fig. 1, curve d), owing to excellent cartoity of PEDOT. After the
immobilization of Ab, a declined current was ob&n(Fig. 1, curve e), as the

13



non-conductive Ab will block the electron transéérthe probe. Once combined with
antigens, the current signal of the biosensor &usrtleclined (Fig. 1, curve f) owing to

the blocking effect of the antigens. CA12-5 wasesild as a representative of the
negative control. Excitingly, the experiment of thegative control showed that the
current value of the biosensor dropped only shglatiter incubating with CA12-5

(Fig. 1, curve g), which confirmed that the chamgehe current signal was indeed
due to the specific binding of the antigen to thékedy on the electrode. Therefore,

the results confirmed the successful constructiache CA15-3 biosensor.

3.3. Characterization of antifouling performance

To verify the antifouling capability of the peptideanti-cell-adhesion
performance of the substrates modified with AuNP.ep/RUNP and
PEDOT/Pep/AuNP, respectively, was evaluated usirgpreocal laser microscope
(Fig. 2). As shown in Fig. 2A, many MCF-7 cells weronspecifically attached to the
AuNPs modified surface. While on the Pep/AuNP medifsurface, the number of
attached cells decreased significantly (Fig. 2Bygesting that peptide is effective in
preventing the adhesion of cells. Interestinglg, &nti-cell-adhesion performance was
further improved after the electrodeposition of REID(Fig. 2C), owing to the fact
that the negatively charged doping sequence waliytatoped into the PEDOT film,
and the antifouling sequence of the peptide watcsted out of the PEDOT surface,
which exhibited excellent antifouling performance.

The antifouling performance of electrode surfacék awnd without peptide was
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further studied in single protein solutions coniagn BSA (negatively charged),
myoglobin (Mb, neutral in charge) and lysozyme (Lysositively charged),
respectively. As shown in Fig. S4, the current aigrhanges (Al/lg)%, Al =1 = Iy,
lo andI refer to the oxidation peak current value of 510 fire(CN)]>"* before and
after incubation with different concentrations o$iagle protein.) of the AUNP/GCE
surface before and after incubation in protein tsahs for 30 min were significantly
larger than those of the PEDOT/peptide surface.il&inresults of antifouling
performance of electrode surfaces can also be seelifferent concentrations of
human serum, as illustrated in Fig. 3. The rates signal change of
PEDOT/Pep/AuNP/GCE surface were only 2.27% and%.3&&er soaking in 10%
and 25% (V/V) human serum, respectively. More ingaity, even for the prepared
biosensor with antibodies immobilized, the rates @fnal change of the
Ab/PEDOT/Pep/AuNP/GCE surface still remained veoy.l The corresponding
original DPV curves are shown in Fig. S5. Theseltesndicate excellent antifouling
capability of the PEDOT surface planted with desdjrantifouling peptides, even
after further immobilization of certain recognizibgpmolecules as biosensing probes.
Long term antifouling performance is also an impottfactor for sensors,
especially implanted sensing devices. An evaluatioprolonged-periods antifouling
performance for the PEDOT/Pep/AuNP/GCE in compl@tolgical media is shown
in Fig. 4. During the continuous testing lasted I@r days, the current signal only
decreased by 5.00% compared with the initial vallasting for 30 days, the
electrochemical signal only decreased by 12.36%)iléMunder the same conditions,
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the signal of the surface without antifouling pdps and PEDOT (AuNP/GCE)
decreased very quickly, and continually collapse®#4.54% in 30 days (Fig. 4). The
results indicate that the design strategy of peptioimbining doping and antifouling
functions is successful, and the PEDOT surfacet@thnwvith peptides possesses
excellent long-term and stable antifouling perfonece which is ideal for the

development of implantable sensing devices.

3.4. Optimization of deposition time of PEDOT

Deposition time of PEDOT here is important to cohtthe thickness of the
formed PEDOT film, as well as the performance dof thosensor, including the
antifouling and sensing performances. Antifoulirapabilities of electrode surfaces
electrodeposited with different thickness of PED®@re investigated, as shown in
Fig. 5A. When the deposition time was shorter tBas, the current signal change
(represents the fouling effect) was significantzdiese part of the negatively charged
doping sequence is exposed on the PEDOT surfack,tamill adsorb positively
charged proteins. When the deposition time was doritpan 8 s, part of the
antifouling peptide will be embedded in the form@EDOT film, leading to reduced
antifouling performance of the surface. The minimaifouling effect was obtained
at 8 s, the time that the doping sequence was lgxdmgted into the PEDOT. Similarly,
8 s was also the optimum deposition time for thessgy signal of the biosensor, as
shown in Fig. 5B. Therefore, optimized time for #lectrodeposition of PEDOT was
8s.

16



3.5. Electrochemical detection of CA15-3

In order to achieve the best performance for tlwsdnsor, the incubation time
for antigens to associate with the immobilized lzodies was investigated (Fig. S6).
The current signal increased with the incubationetiof CA15-3 and achieved a
maximum value at 2.5 h, and then remained almaslestvith further increase of the
incubation time, indicating the binding equilibriuat the incubation time of 2.5 h.
Under optimized experimental conditions, the etsddtemical biosensor response to a
series of CA15-3 concentrations ranging from 0.@01000 U mL* is shown in Fig.
6A. Linear fitting function of the biosensor +al (uA) = 3.203 logC + 10.15 with
correlation coefficient?) of 0.9986 (Fig. 6B), and the limit of detectidoOD) for
this biosensor is calculated to be 0.32 mU™M(S/N = 3). While in the biosensor
without PEDOT deposition (Ab/Pep/AuNP/GCE), theeln range is 0.1-1000 U
mL™%, with the LOD of 35.64 mU ml* (Fig. S7A), and the biosensor fabricated
through  co-electrodeposition of multifunctional pdp and PEDOT
(Ab/PEDOT-Pep/AuNP/GCE), the linear range is 0.00aU mL?, with the LOD of
3.34 mU mL* (Fig. S7B). The sensitivity of the biosensor iscabetter than that of
previously reported CA15-3 sensors (Park et al42@hd electrochemiluminescence
method (Hamd-Ghadareh et al. 2018; Jiang et al520Ihe prepared biosensor
(Ab/PEDOT/Pep/AuNP/GCE) showed a wider detectiolgeaand lower LOD, which
may be ascribed to the excellent conductivity, iftgband biocompatibility of the
substrate composed of doping peptide and PEDOT tlanautstanding antifouling

17



property of the tightly packed antifouling peptisierface, which provided extremely

low noisy signal for higher specific recognition@A15-3.

3.6. Sdectivity and reproducibility of the CA15-3 biosensor

The selectivity of the antifouling biosensor wasaleated based on DPV
responses to several proteins possibly co-existddtie target protein in the serum,
including CA12-5, CEA, AFP, PSA, and HSA. As can seen from Fig. S8, the
biosensor showed excellent selectivity toward @syet CA15-3, and it exhibited
negligible responses towards nonspecific proteves @t much higher concentrations.

In addition, the intra-batch and inter-batch remmbilities of the antifouling
biosensor were also evaluated. For the detectid00fU mL* CA15-3, the relative
standard deviation (RSD) of the intra- (Fig. S9A,a@d inter-assay (Fig. S9B, D) are
0.24% and 1.64%, respectively (n = 7). The respitsved excellent stability and

reproducibility of the biosensor based on PEDOT mdtifunctional peptide.

3.7. Clinical serum sample analysis

To evaluate the potential clinical application bé tbiosensor, clinical samples
from five patients with breast cancer were tes#dti.human serum samples were
diluted to 10% by volume (V/V). As shown in Fig.thhg analysis results obtained by
the biosensor were highly consistent with thosenfthe data of detection by clinical
method (Chemiluminescence immunoassag)linear fitting, with theR? of 0.9955,
which indicated that the newly designed antifouliDg15-3 biosensor was reliable

18



for the detection in practical serum samples.

4. Conclusion

A new strategy for the construction of conductinglymer surfaces with
excellent antifouling capability was developed lhsm designed multifunctional
peptides. Through finely controlled electrodepositof PEDOT, the doping sequence
of the designed peptide can be exactly doped imoféormed PEDOT, leaving the
antifouling sequence of the peptide stretched éuh® PEDOT film. The obtained
PEDOT film planted with antifouling peptide exhiit excellent antifouling
capability, and compared with traditional antifogji strategies, this strategy of
assembling multifunctional peptides first and thdgpositing PEDOT can obtain
outstanding antifouling performance with a welldad antifouling layer and
excellent electrical conductivity as well as loega antifouling ability. Once
immobilized with recognizing probes, low foulingeetrochemical biosensors capable
of assaying targets in complex biological mediaeveasily developed. Given the
versatility of bio-recognize elements (aptamer,batty, and etc.), this antifouling
platform can be readily used for sensitive detectibmany kinds of analytes through
immobilizing with bio-recognition elements. Theredp the proposed antifouling
strategy based on PEDOT planted with antifoulingtides has a bright prospect not
only in the direct detection of targets in complaedia but also as an antifouling

versatile platform in the field of biosensing.
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Supplementary data associated with this article lobanfound in the online

version at doi10.1039/x0xx00000x
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Captions

Scheme 1. Schematic fabrication process of the electrocheh@A15-3 biosensor

based on antifouling peptide planted in PEDOT film.

Figure 1. Electrochemical responses of different modifieccetees: (a) bare GCE,
(b) AuNP/GCE, (c) Pep/AuNP/GCE, (d) PEDOT/Pep/AuBEE, (e)
Ab/PEDOT/Pep/AuUNP/GCE, (f) CA15-3/Ab/PEDOT/Pep/AUBEE, and ()
CA12-5/Ab/PEDOT/Pep/AuNP/GCE. Curve g (almost cseped with curve e),
represents the response of the biosensor aftelpatiom in the negative control of 100

ng mL* CA12-5 solution (10 mM PBS, pH 7.4).

Figure 2. Anti-cell-adhesion performance of (A) AuNP, (B) @&uNP, and (C)
PEDOT/Pep/AuNP modified substrate incubated withARviCcells for 24 h at 3T.

Figure 3. The current signal rate of change of the surfadgthomt peptide
(AuNP/GCE), with peptide (PEDOT/Pep/AuNP/GCE) andA16-3 biosensor
(Ab/PEDOT/Pep/AuNP/GCE) in a series of healthy harsarumsAl =1 - |g, Io and

| refer to the oxidation peak current value of 581 fire(CN)]*>"* before and after
incubation with different concentrations of seruamror bars represent the standard

deviations of three repeated determinations.

Figure 4. Long-term antifouling performance of PEDOT/Pep/ARISCE (A) and
AuNP/GCE (B) surfaces in 10% (V/V) human serum dasfor an extended period
(30 min to 30 days). Error bars represent the st@hdeviations of three repeated

determinations.

Figure 5. The effect of PEDOT deposition time on antifoulipgrformance (A) and
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sensing response (B) of the biosensor (Ab/PEDOTARMNP/GCE). The schematic
diagrams of inset in (A) corresponding to the PEDd&position time is 5 s, 8 s and
20 s respectively from left to right. The concetitnra of CA15-3 is 1000 U mt.

Error bars represent the standard deviations ettrepeated determinations.

Figure 6. (A) DPV response of the biosensor incubated witffiergnt CA15-3
concentrations, curves from a to h represent 010.0.01, 0.1, 1, 10, 100, 1000 U
mL™*CA15-3, respectively. Inset: DPV curves after baokgd subtractionAl = | -

lo, o and| refer to the oxidation peak current value of 5Kl fire(CN)]*"* before
and after incubation with different CA15-3 conceatitns in PBS (10 mM, pH 7.4).
(B) Current change of the biosensor upon a funabb@A15-3 concentrations. The
inset shows the corresponding calibration curveorEbars represent the standard

deviations of three repeated determinations.

Figure 7. Real sample analysis of CA15-3 in 10% (V/V) serambreast cancer
patients: CA15-3 concentrations in five differeetisn samples determined by the
CA15-3 biosensor vs detection by chemiluminesceimoenunoassay (clinical
diagnosis method). Error bars represent the stdndaviations of three repeated

determinations.
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Figures
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Figure4.

100 -

80 -

60 -

—AU 1yl %

0

[ ]AunPiGCE
[ ]PEDOT/Pep/AuNP/GCE
+ [0
- ol
E3

&

-I-I

.

1

!

Time

29

'50(({\20‘({\“ \’L‘\ AO 20 oo »\06 5\66 196 qf)é Q,Qé



Figureb.

A B
( )12_ ; ; 5 (B)
3 _) B 20.
°10' -%- S { 16.
o\g. < .
~ 2
= =
I 4 T 8
! 24 H 41
ol trl I II LT G I LTI
5 8 10 15 20 25 0 5 8 10 15 20

Deposition time / s Deposition time / s

30



Figure6.
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Highlights

® An effective antifouling substrate for the construction of biosensors was
prepared;

® PEDOT planted with antifouling peptide was synthesized through
electrochemical polymerization;

® The antifouling biosensor supported the detection of CA15-3 in serum samples.
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