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Abstract
An ultrathin micro-patterned MXene/PEDOT:PSS-based organic electrochemical transistor biosensor was constructed, which
can significantly amplify the amperometric signal and transistor’s performance. A novel interdigitatedOECTs biosensor has been
developed for reliable determination of survivin for the following considerations: (1) The synergistic effect of intercalated
MXene and ionic PEDOT:PSS enhanced the mobility and volumetric capacitance of OECTs biosensor. (2) Compared with
the best previous literatures, our assay demonstrated enhanced detection limit of survivin down to 10 pg mL−1, as well as
satisfactory selectivity, reproducibility, and reliability. (3) Comparison of OECTs against commercial ELISA kit yielded favor-
able linearity (Y = 1.0015*X + 0.0039) and correlation coefficient (R2 = 0.9717). Those advantages are expected to pave the way
to design of an OECTs biosensor with robustness, non-invasiveness, and miniaturization for the point-of-care applications.

Keywords Micro-patterned MXene and PEDOT: Poly(styrenesulfonate) . Survivin protein . Interdigitated organic
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Introduction

Osteosarcoma, an aggressive malignant cancer, is the most
common primary bone tumor originating from the bones,
which affected the health of children, adolescents, and young
adults and frequently metastasized to lungs, resulting in poor
prognosis [1–3]. Especially, the 5-year survival rate for meta-
static osteosarcoma drops to 20% and remains virtually un-
changed over the past 30 years [1, 4, 5]. Therefore, the early

diagnosis of strategies for osteosarcoma patients is necessary
and urgent [2, 4–6].

Survivin, 16.5-kD protein, belonging to the inhibitor of
apoptosis (IAP) family is an important oncogenic protein
expressed highly in osteosarcoma [7–10]. Normal cells did
not require survivin for survival; however, survivin is signif-
icant for osteosarcoma tumor cells in cell division and inhibi-
tion of apoptosis [7, 11]. Besides the functionality of regula-
tion of cell division and inhibition of apoptosis, the elevated
level of survivin protein has been regarded as a new potential
diagnostic biomarker for osteosarcoma and be used as a ref-
erence index to determine pathology classification of osteo-
sarcoma [7, 8, 12].

In the past few years, a lot of techniques, such as the
enzyme-linked immunosorbent assay (ELISA) [13], piezo-
metric biosensor [14], and plasmon-enhanced resonance ener-
gy transfer [15] have been investigated for the determination
of survivin protein. However, these methods have several
drawbacks, such as the requirements of expensive clinical
equipment, sophisticated procedures, and low sensitivity and
selectivity. Therefore, a simple, inexpensive platform for ul-
trasensitive determination of survivin protein is imperative.
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Organic electrochemical transistors (OECTs) have demon-
strated huge potential and advantages for biological and bio-
chemical sensing applications due to their unique merits, such
as high sensitivity, low operation voltage, biocompatibility
and flexibility, and simplified fabrication processes, which
allow them to be operated in the aqueous environment
[16–18]. The OECTs biosensors based poly(3,4-
ethylenedioxythiophene) poly(styrenesulfonate) (PEDOT/
PSS) have been widely applied for sensing of bacteria [19],
dopamine [20], DNA [21], cells [22], and ions [23], and
above-mentioned examples displayed that the sensitivity of
OECTs is superior to those conventional methodology
[24–26].

Ti3C2Tx is one typical member of the growing club of 2D
layered early-transition metal carbides/carbonitrides
(MXenes) (Tx denotes surface-terminating functionality
(e.g., F, O, and OH)) [27–29], which displays great promise
for biosensor design and fabrication, including following ad-
vantages: (1) high excellent metallic conductivity up to 9880 S
cm−1; (2) high capacitance up to 1500 F cm−3, originating
from the intercalation/deintercalation of H+ and redox
interreaction; and (3) the hydrophilic surface of Ti3C2Tx
MXene makes it suitable for various solution processing, such
as spray coating and spinning coating for making biosensor
devices in aqueous environment [27, 30, 31]. Compared with
nanomaterials such as PPy, PANI, rGO, C-dots, AuNPs, and
ZnO, unique intercalation/deintercalation nanostructures en-
able MXene@PEDOT: PSS as an ideal binder candidate to
achieve the high-performance OECTs biosensor with high
volumetric capacitance in a synergistic manner [27, 30].

In this paper, we proposed label-free, highly sensitive, and
selective organic electrochemical transistor biosensor to detect
the survivin protein via combination of ultrathin micro-
patterned MXene and PEDOT: PSS. Moreover, our assay
afforded the enhanced detection limit of survivin protein down
to 10 pg mL−1 (S/N>3), as well as satisfactory selectivity,
reproducibility, and reliability, superior to the best previous
literatures. Finally, the clinical performance of the OECTs
biosensor were evaluated against commercial technique
(ELISA).

Experiment

Materials

Recombinant human survivin protein (ab87202), Anti-
Survivin (ab76424), cluster of differentiation 44 (CD44), clus-
ter of differentiation 63 (CD63), and prostate specific antigen
(PSA) was purchased from Abcam, Inc. (https://www.abcam.
cn, Cambridge, MA). The commercial survivin protein kit
was provided by Jianglai Biological Co., Ltd. (http://jianglai.
foodmate.net, detection range of 8–640 pg mL−1). MAX

phase Ti3AlC2 is provided by Xian Ruixi Biotechnology Co.
(https://ruixibio.company.lookchem.cn, China). Hydrochloric
acid (HCl), mercaptoacetic acid (MAA, CAS: 68-11-1), and
lithium fluoride (LiF) with analytical purity were bought from
Sinopharm Chemical Reagent Co., Ltd. (https://www.
sinoreagent.com, Shanghai, China). 6-Mercapto-1-hexanol
(MCH), ethylene glycol, BSA (bovine serum albumin), glu-
cose, lysine, tyrosine, and (3-glycidyloxypropyl)
trimethoxysilane (GOPS) were purchased from Sigma
Chemical Co. (http://www.sigmaaldrich.com, St. Louis,
MO). The dimethyl sulfoxide (DMSO), potassium
ferricyanide (K3[Fe(CN)6]), and potassium ferrocyanide
(K4[Fe(CN)6]) were purchased from Aladdin Chemicals Co.,
Ltd. (https://www.aladdin-e.com). The PEDOT: PSS (PH
1000, CAS: 155090-83-8) aqueous solutions was purchased
from Heraeus Clevios GmbH (https://www.heraeus.cn/cn/
group/home/home.html, Germany, Leverkusen). Ultrapure
deionized (DI) water was obtained by a Milli-Q system
(https://www.emdmillipore.com/US/en, MΩ•cm @ 25 °C:
18.2 M, Millipore, Bedford, MA, USA). Phosphate buffered
saline and all other chemicals, unless mentioned, were
purchased from Sigma-Aldrich.

Fabrication of MXene and preparation of
MXene@PEDOT: PSS

Ti3C2 was successfully prepared by etching Al from Ti3AlC2

in HF according to previous literatures [32, 33]. Ti3C2 was
synthesized by selectively etching the Al layer from Ti3AlC2

in LiF/HCl aqueous solution. Briefly, 0.99 g of LiF was dis-
solved in 20 mL of HCl under magnetic stirring for 15 min,
and then 1.25 g of Ti3AlC2 was added slowly (10 min) to the
HCL solution. The mixture was further stirred for 10 h at 40
°C. Then, the resulting MXene suspension was repeatedly
washed 6 times using deionized water until the pH value
reached ~6.4. Finally, the powder was dried in the vacuum
oven at 45 °C for 12 h, and the final product was freeze-dried
for 12 h.

Before preparation ofMXene@PEDOT: PSS, the PEDOT:
PSS (Clevios PH 1000) was firstly doped with DMSO (5% by
volume), GOPS surfactant (0.025% by volume), and ethylene
glycol (10% by volume) and filtered via organic microporous
membrane (Millipore 0.22 μm, 47 mm, Nylon). Then, the
MXene@PEDOT: PSS composites were prepared by
dropwise addition of a mixture of PEDOT: PSS into the col-
loidal solution of MXene. The mixture was filtered via
nanoporous polypropylene membranes (0.06 μm pore size)
in air.

Fabrication of OECTs device

The native oxide p+ silicon substrates (size: 1.5 × 1 cm) were
first rinsed with acetone, isopropanol, and water and then
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properly dried. The p+ silicon substrate was patterned by pho-
toresist S1813 (Shipley) and customized shadow mask for
proposed architecture in Fig. S2a. The patterned Cr/Au source
and drain electrodes (thicknesses: 5 nm/45 nm) were deposit-
ed on substrates by thermal evaporation deposition under dif-
ferent channel architectures (Fig. S2). The working pressure
and thickness for thermal evaporation deposition were 1.2 Pa
and 10 nm for Cr deposition (acting as an adhesion layer) and
0.5 Pa and 50 nm for Au deposition, respectively.
Consequently, a layer of active semiconducting material was
deposited in the channel, and the wafer was washed with
deionized water, blow dried with nitrogen gun, and baked
for 30 s at 120°C.

Apparatus

Characterizations of materials and sensors include scanning
electron microscopy (SEM), transmission electron microsco-
py (TEM), contact angle, atomic force microscopy (AFM),
electrochemical impedance spectroscopy (EIS), and differen-
tial pulse voltammetry (DPV). The SEM characterization was
performed by Hitachi S-4800 (https://www.hitachi.com/) at
an accelerating voltage 10 kV with 160000× magnifications.
The contact angle was carried by Data Physics SZ-CAMA1
drop measurement (https://www.dataphysics-instruments.
com/), where 10 μL of purified water droped on the gate
electrodes for characterization. The AFM was conducted by
Dimension Icon& FastScan Bio (https://www.bruker.com/de.
html, Bruker Nano, CA, USA) in the resonance frequency
range of 90–350 kHz under tappingmode. The transistor char-
acteristics of biosensor were performed by Keithley 2635B
(https://www.tek.com/keithley, Tektronix Co.). The
biosamples were centrifuged by TGL-16G centrifuge (http://
www.antinglxj.com/cp/gslxj/tgl-16g.html, Shanghai Anting
Science Instrument, Shanghai).

The electrochemical properties of sensors were character-
ized via the electrochemical station (http://www.chinstr.com/,
CHI650D, Shangha i , Chenghua ) . Fo r the DPV
electrochemical characterization, the voltage was scanned
from 0 to 500 mV with a pulse amplitude of 15 mV, a scan
rate of 10mV/s, a pulse width of 50ms, and a quiet time of 4 s.
For the EIS characterization, the frequency was conducted
from 10000 to 0.05 Hz with a pulse amplitude of 5 mV.

Configurations and calibration for OECTs

The source, drain, and gate electrodes of the OECTs were
linked to two-channel sourcemeter instrument (Keithley
2635B, https://www.tek.com/keithley, Tektronix Co.). A
customizable program was designed to modulate gate
voltages (VG) and source-drain voltages (VDS). As displayed
in Fig. S2, the OECTs biosensor assembled with interdigitated

source and drain electrodes, and anti-survivin modified gate
electrode was immersed into the PBS ionic liquid electrolyte.

The binding between the various amounts of survivin pro-
tein and anti-survivin modified gate electrode can modulate
IDS under the fixed operational VG. To characterize the re-
sponses of the OECTs-based biosensor for various concentra-
tions of survivin protein, the sensor was measured at fixed
gate and drain voltages: VG=0.85, VDS=0.08. In the determi-
nation of time-dependent channel currents (IDS versus time).
For the configuration of transfer characteristics, IDS was tested
at a fixed source-drain voltage (VDS = 0.08 V) at various gate
voltages (VG: 0∼1.1 V) with a sweeping rate of 0.02 Vs−1. For
the configuration of output characteristics (IDS vs VD), the VG
was fixed at 0.9 V at various drain voltages (VD: 0–0.2 V) with
a scanning rate of 0.01 V/s.

For the calibration plot of survivin protein on OECTs, the
survivin antibody (anti-survivin, 10 μg/mL) functionalized
gate electrode of the OECTs device was incubated in survivin
protein solution for 0.5 h, followed by three times washing
with PBS. The detection limit of each device was defined by
the channel current response at a signal/noise ratio of 3.

Harvesting of clinical biosamples

All clinical research and protocols in this project were autho-
rized by the institutional ethics committee of the Children’s
Hospital of Fudan University (Reference No: 202153). For the
protocols of biosample collection, 10 mL of biosamples was
centrifuged at 1000 ×g for 5 min, and the resulting supernatant
was obtained in EDTA anticoagulant tube (purple tube) and
stored at −20 °C for further detection.

Statistical analysis

All statistical analysis in this work such as calibration plot,
standard deviation (S.D.), t-test, and relative standard devia-
tion (RSD) were calculated by the SPSS software (version
16.0, SPSS Statistics, Inc., Chicago, USA).

Results and discussion

Preparation of MXene@PEDOT: PSS nanocomposites

The procedures for preparation of the MXene@PEDOT: PSS
nanocomposites film and fabrication of the OECTs semicon-
ductingmembranewere schematically illustrated in Fig. 1 (see
details in the “Experiment” section). For the synthesis of
MXene, Ti3C2 was synthesized by selectively etching the Al
layer from Ti3AlC2 in LiF/HCl aqueous solution. As
displayed in Fig. S1, the micro-patterned MXene created
abundant active site for biosensing. As shown in Fig. 1a, the
MXene/PEDOT: PSS nanocomposites were structurally
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rearranged under stirring. For the characterization, the X-ray
diffraction (XRD) was selected to analyze the chemical com-
posit ion of the fabricated MXene and rearranged
MXene@PEDOT: PSS, demonstrating the transformation of
MXene to MXene@PEDOT: PSS (Fig. 1e) [27]. The micro-
patterned structure of MXene@PEDOT: PSS was also char-
acterized by SEM images including the side view (Fig. 1f) and
top view (Fig. 1g). Compared with the pure PEDOT: PSS, the
micro-patterned MXene@PEDOT: PSS revealed the combi-
nation and rearrangement of MXene and PEDOT: PSS.

Fabrication and optimization of OECTs

We designed the OECTs biosensor for survivin protein detec-
tion (Fig. 1) via micro-patterned MXene@PEDOT: PSS as
the semiconducting materials. The OECTs biosensor includes
three components, which were depicted as follows: the gate,
the interdigitated drain-source electrode, and the
MXene@PEDOT: PSS semiconducting films as illustrated
in Fig. 1b and c. The OECTs biosensor with modified gate
electrode was measured in the liquid electrolyte via the double

electronic layer capacitance in the equivalent circuit.
Afterwards, source-drain electrodes with interdigitated archi-
tecture and functionalized gate electrode were immersed into
the PBS liquid electrolyte for characterization and quantitative
analysis (Fig. 1a). The higher Faradaic current can be induced
by higher concentration of survivin protein. Accumulated
survivin molecules in the vicinity of the gate electrode would
modulate IDS of the channel. The binding of survivin to the
gate electrode reduces the IDS of OECTs biosensor due to the
volumetric capacitance effect.

Notably, a specific anti-survivin modification was used to
capture survivin protein in Fig. 2a and Fig. S2b, and the gate
electrode was immersed in the solution of mercaptoacetic acid
(MAA) for carboxylation. To certify the functionalization pro-
cess of the gate electrode, we characterized CV, EIS, and
contact angle and AFM. Firstly, we conducted EIS (Fig. 2b)
for certification of layer-by-layer processes. The EIS
displayed Ret of 347.5 Ω (black curve in Fig. 2b) for original
status. Subsequently, the EIS values for Au/MAA/anti-
survivin (red curve in Fig. 2b) and Au/MAA/anti-survivin/
BSA (green curve in Fig. 2b) were measured up to 359.2 Ω

MXene@PEDOT: PSS 
Semiconducting membrane 

DrainGate

Source

Electrical double layer (EDL) EDL

Faradaic

CEC CGC

Vg

Liquid electrolyte

0

CurrentDrain

Source

Gate

a b

5 10 15 20

y 
(A

.U
.)

tisnetnI

2   (degree)

Mxene 
Mxene@PEDOT :PSS Top-view Side view

f g

400 nm1000 nm

Gate

Drain

Source

Vd

Vg

Sem
iconducting
C

hannel

c d

MXene

PEDOT: PSS 

Stirring under 
different ratio 

MXene/PEDOT: PSS 

e

Fig. 1 Schematic representation
for OECTs survivin biosensor. a
The preparation of
MXene@PEDOT: PSS
nanocomposites. b Schematic
illustration of OECTs biosensor
for the sensing of survivin
protein. c OECTs biosensor with
modified gate electrode
characterized in the liquid
electrolyte via the double
electronic layer capacitance in the
d equivalent circuit. e XRD
analysis of pure MXene and
MXene@PEDOT: PSS
nanocomposites. f Top view and
g side view characterization of
MXene@PEDOT: PSS by SEM.
CGE is the capacitance of gate/
electrolyte interface, and the CEC

is the capacitance of electrolyte/
channel interface.

  301 Page 4 of 10 Microchim Acta         (2021) 188:301 



and 385.2 Ω, respectively. For CV analysis (Fig. 2c), the bare
Au electrode displayed redox current of 78.2 μA at 293 mV
(vs. Ag/AgCl). For comparison, after modification, the re-
sponse current declined to 74.3 μA and 72.3 μA for the Au/
MAA/anti-survivin and Au/MAA/anti-survivin/BSA, respec-
tively. Meanwhile, in the scan rate dependence study (Fig. S3)
in a mixture solution of 10 mM K3[Fe(CN)6]/K4[Fe(CN)6],
the electrochemical current and the square root of scan rate
(V1/2) displayed a linear characteristic, indicating a surface-
controlled processes with a linear relationship of iredox =
8.28×V1/2 – 23.57 (correlation coefficient of 0.9985, Fig.
S3). The phenomenon suggested the excellent properties of
the gate electrode in the process of electron efficient
transportation.

For the hydrophobicity/hydrophilicity analysis, the contact
angle for bare Au electrode was 75.72° (Fig. 2d), and the
values decreased to 65.74° and 44.62°, respectively, after the
modification of anti-survivin and the BSA. AFM was con-
ducted to investigate the morphological change of the sensor
(Fig. S4). The root mean square (rms) roughness would reflect
the morphology features of sensors including bare Au (5.6 ±
1.1 nm), Au/MAA (58.7 ± 9.4 nm), Au/MAA/anti-survivin
(89.2 ± 11.3 nm), and Au/MAA/anti-survivin/BSA (121.5 ±
8.5 nm), demonstrating the layer-by-layer modification pro-
cess on the bare Au electrode. Collectively, above-mentioned
CV, EIS, contact angle, and AFM characterizations

demonstrated the successful functionalization of gate elec-
trode for determination of survivin protein.

Tunable arch i tec ture of OECTs enhances the
transconductance, and the transconductance can also be cal-
culated by the following equation:

Gm ¼ Wd
L

μC* V th−VGð Þ ð1Þ

where C* is the volumetric capacitance and Vth is the thresh-
old voltage. The volumetric capacitance reflects the capabili-
ties of carrier/ionic transport and the efficiency of ion-to-
electron efficiency. Details for mechanism of OECTs were
illustrated in the Supporting Information. The performances
ofMXene@PEDOT: PSS in different ration were demonstrat-
ed in Fig. S5. And the optimized transconductance reached
0.992 mS, indicating high sensitivity of OECTs device for
determination of survivin protein. EIS were performed to
study the volumetric capacitance. An equivalent circuit model
of impedance was selected: Rs (CPE||Rct), where Rs is the
resistance of the liquid electrolyte and Rct represents the resis-
tance of the micro-patterned MXene@PEDOT: PSS mem-
brane (Fig. S6a) [34, 35]. The CPE represented constant
phase element, which was widely used to represent the
electrochemical properties of OECTs. The volumetric
capacitance C* can be extracted from the equivalent circuit
model.
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As displayed in Fig. S6 and Table S1, the volumetric ca-
pacitance was calculated with the value of 74.1±8.6 F/cm3,
representing favorably comparable parameters against OECTs
nanocomposites.

Sensing performance of OECTs for survivin protein

Parameter optimization including the pH, incubation time, tem-
perature, and the concentration of surviving antibody was per-
formed to optimize the significant factor, which was illustrated
in Fig. S7 to improve the sensing performance. The optimized
parameters were fixed as follows: pH=7.0, incubation time of

30 min, temperature=37 °C, and concentration of antibody-

survivin of 10 μg/mL. Fig. 3a demonstrated the channel current
responses of the OECTs device to addition of various concen-
tration survivin protein. The higher concentration of protein
solution used for capture of gate electrode, the lower channel
current change (IDS) was observed, indicative of the monotonic
relationship between the concentration of targeted survivin pro-
tein and the variation of channel current change. In Fig. 3b, the
signal-to-noise ratio (S/N) >3 satisfied the requirements of de-
tection limit (10−2 ng mL−1) [36, 37]. On the contrary, the
channel current slightly changed without the functionalization
of anti-survivin (Fig. S8), illuminating the working mechanism
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of OECTs. As shown in Fig. 3c, the proposed OECTs achieved
sensitive quantification of survivin with ultra-wide linear range
101–102 and 102–5×105 ng mL−1, and the linear corresponding
regression curve was △IDS (μA) = 29.98× log [concentration-

survivin] + 115.38 (R2 = 0.96) and △IDS (μA) = 42.78× log
[concentrationsurvivin] – 19.20 (R

2 = 0.97, respectively. In com-
parison, the anti-survivin-modified gated electrode was also
performed as the working electrode in conventional differential
pulse voltammetry (DPV) assay (Fig. 3d). The limit of detec-
tion (LOD) was 100 pg mL−1 (S/N = 3) with the sensitivity of
35.3 μA (ng mL−1)−1 cm−2 (Supporting Information, S8). The
sensitivity was estimated by the slope values, which derived
from linear plots of oxidation peak currents [38, 39].
However, the performance in the low concentration range could
not meet requirement of S/N ratio, indicating high sensitivity of
our sensor for the quantification of survivin protein.
Comparisons of survivin performance with other biosensors
were summarized in Table S2, manifesting comparable perfor-
mance with the majority of other type of biosensors (ELISA,
magnetic beads, fluorescent type), due to the ultrathin micro-
patterned MXene@PEDOT: PSS.

Selectivity, reproducibility, and reliability

To evaluate the selectivity of OECTs for survivin determina-
tion, the IDS VS t measurement was performed by adding in-
terfering molecules. We selected typical high-molecular weight
proteins (CD63, PSA CD44) and low-molecular weight mole-
cules (glucose, tyrosine, lysine) as interferences. As depicted in

Fig. 4a–b, IDS-t curves demonstrated high response of △current
in sensing of 1 ng mL−1 survivin (14.01 ± 0.4 μA). For com-
parisons, we recorded low responses in detecting of 10 ngmL−1

CD44 (0.31 ± 0.31), PSA (0.33 ± 0.27), CD63 (0.33 ± 0.27),
glucose (0.42 ± 0.03), lysine (0.33 ± 0.27), and tyrosine (0.45 ±
0.29). Meanwhile, we tested the △current responses of five
sensors in determination of 1 ng mL−1 survivin to evaluate
the reproducibility. The RSD of 2.33% (Fig. 4c) demonstrated
high reproducibility of OECTs sensor. For monitoring of sta-
bility (Fig. 4d). Compared with original response (445 ± 8.2
μA), after monitoring of 1 week (443.3 ± 8.12 μA), 2 weeks
(440.1 ± 8.24 μA), 1 month (438.1 ± 8.14 μA), and 2 months
(436.5 ± 8.22 μA), the IDS displayed negligible change with
decline of IDS by < 4%.

Recovery test was performed via adding the different con-
centration of survivin into PBS (Table S3) to evaluate the
practical applications of our sensor. Satisfactory recovery rate
kept within 96.9–103.7% with maximum RSD of 11.09%.
Those above-mentioned results manifested satisfactory selec-
tivity, reproducibility, and stability of our OECTs sensor for
the determination of survivin protein.

Clinical applications for osteosarcoma biosamples

For clinics, this novel OECTs were utilized for survivin sensing
in serum clinical biosamples. A series of patient’s serum sam-
ples were collected via standard protocol (“Experiment” sec-
tion), and the survivin values were tested by commercial
ELISA kit with calibration plot in Fig 5a. The differentiation
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stability of OECT device re-
sponse to 100 pg mL−1 survivin.
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of positive and negative sample was illustrated in Fig.5b
(Npositive=11, Nnegative=11, p<0.01, Table S4). Moreover, as
shown in Fig. 5c, linear correlation of serum survivin concen-
tration was performed between themeasured values and ELISA
values with the linear correlation curve (Y = 1.0015*X +
0.0039, R2 = 0.9717), advocating comparable clinical perfor-
mance of OECTs against commercial ELISA kit.

Conclusions

In this work, a nanocomposite was prepared by combina-
tion of micro-patterned MXene and PEDOT: PSS.
Following that, a conceptually OECTs survivin biosensor
was fabricated via MXene@PEDOT: PSS nanocomposite
and antibody functionalization for highly sensitive deter-
mination of survivin protein, and the OECTs biosensor
including corresponding surface morphology, structure,
composition, and electrical properties was then character-
ized by SEM, XRD, and contact angle, AFM, cyclic volt-
ammetry, EIS, and sourcemeter. The biosensor demon-
strated ultrasensitivity of survivin down to the level of
10 pg mL−1 as well as acceptable reliability, selectivity,
reproducibility, and practical applications of complex
biosamples with satisfactory linear correlation against
commercial ELISA kit . Consider ing the above-
mentioned merits, we anticipate that micro-patterned
MXene@PEDOT: PSS paves a convenient and versatile
platform for organic semiconductor biosensors in the de-
tection of cancer-relevant biomarkers.
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