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Hematology patients are at high risk of nosocomial infections, necessitating rapid and reliable bacterial detection. 
Current methods, such as culture and polymerase chain reaction (PCR), are often slow, expensive, or susceptible to 
contamination. This research introduces a novel bio-based superhydrophobic sensor to address these limitations. The 
sensor utilizes a polydimethylsiloxane (PDMS) and TiO2 coated substrate to create a superhydrophobic surface (water 
contact angle >150°), which significantly reduces bacterial adhesion. Detection relies on peptides that undergo a 
conformational change upon binding specific bacteria, releasing attached magnetic beads. These beads are detected 
electrochemically using an indium tin oxide (ITO) electrode modified with cadmium telluride (CdTe) quantum dots and 
graphene oxide (GO) composite, enhancing electron transfer efficiency by 2.3-fold compared with bare ITO. This design 
achieved rapid (<90 minutes) and sensitive detection. The sensor had high accuracy comparable to PCR and 
discriminated between Klebsiella pneumoniae (K. pneumoniae) and Pseudomonas aeruginosa (P. aeruginosa). By 
combining anti-fouling properties with specific bacterial recognition and enhanced electrochemical detection, this sensor 
offers a promising platform for reducing infection risks in hematology. 
Keywords: bio-based, superhydrophobic, hematology, anti-fouling, bacterial detection, electrochemical sensor, peptide, 
quantum dots. 

 
1. INTRODUCTION∗ 

Hematology patients, often undergoing 
immunosuppressive therapy and experiencing 
agranulocytosis, face significantly elevated hospital-
acquired infections (HAIs) [1]. The World Health 
Organization reports HAI incidence rates as high as 35 % –
 50 % in patients with hematological malignancies, with 
bloodstream infections accounting for 28 % and associated 
mortality rates of 15 % – 30 % [2]. These infections 
prolong hospital stays (by 40 % – 60 %) and increase 
medical costs substantially [3]. Traditional microbiological 
culture methods, while the gold standard, require 24 – 72 
hours for results, delaying appropriate treatment [4]. 
Molecular diagnostic techniques, such as polymerase chain 
reaction (PCR), are faster (4 – 8 hours) but are expensive 
and require specialized equipment and trained personnel 
[5]. In addition, invasive procedures such as blood 
transfusions and bone marrow punctures are particularly 
susceptible to contamination, mainly due to interference 
from blood components on existing sensors. Existing 
impedance electrochemical sensors and fluorescence 
optical sensors are susceptible to non-specific adsorption 
of fibrinogen and light scattering effects of albumin in 
blood testing, resulting in a false positive rate 18 % – 25 % 
[6]. Blood disease patients often have compromised 
immune systems. Among them, blood diseases such as 
leukemia and lymphoma can disrupt the hematopoietic 
system function, thereby suppressing the immune system. 
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The weakened immune system makes patients more 
susceptible to attacks from viruses and bacteria, leading to 
infections. In addition, after receiving chemotherapy, bone 
marrow transplantation, or immunosuppressive therapy, 
the immune function of leukemia and lymphoma patients 
will further decline, and the number of immune cells such 
as neutrophils will decrease, which further increases 
infection. 

Superhydrophobic materials, with their extreme water 
repellency, offer a promising approach to combat bio-
fouling. These materials, characterized by water contact 
angles exceeding 150° and low sliding angles, minimize 
the contact area between a liquid (such as blood) and the 
surface, reducing the adhesion of proteins and cells [7, 8]. 
This "self-cleaning" effect is primarily due to the 
hierarchical micro/nanostructure of the surface, which 
traps air and minimizes the solid-liquid interface [9]. In 
blood, this translates to reduced protein adsorption and 
bacterial adhesion, preventing biofilm formation [10]. For 
example, soybean protein-based superhydrophobic 
coatings have shown a 98.6 % reduction in Pseudomonas 
aeruginosa (P. aeruginosa) adherence [11]. 

Peptide-based biosensing offers a highly specific and 
sensitive approach to bacterial detection. Peptides can be 
designed to recognize specific bacterial surface structures, 
such as lipopolysaccharides (LPS) or outer membrane 
proteins (OMPs) [12, 13]. "Self-cleaving" or, more 
accurately, conformationally changing peptides can be 
engineered to undergo a structural change upon binding to 
their target, providing a mechanism for signal transduction 
[14]. When coupled with magnetic beads, this 
conformational change can be used to release the beads, 

mailto:LuXiaoxiao@chacu.org.cn


thereby achieving magnetic separation and signal 
amplification [15]. 

Electrochemical detection, particularly when enhanced 
with nanomaterials like quantum dots, offers high 
sensitivity and rapid response times [16]. Cadmium 
telluride (CdTe) quantum dots possess excellent 
electrochemical properties and a high surface area, 
enhancing electron transfer and increasing the sensitivity 
of electrochemical sensors [17]. Graphene oxide (GO), 
with its high conductivity and large surface area, further 
improves the electrode performance [18]. The CdTe-GO 
composite provides a synergistic effect, where GO 
provides a conductive pathway for electrons from the 
CdTe quantum dots, and the quantum dots provide 
increased surface area and electrocatalytic activity. This 
results in improved electron transfer kinetics, leading to a 
lower charge transfer resistance (Rct) and higher 
sensitivity.  

This work presents a novel bio-based 
superhydrophobic sensor for rapid and accurate bacterial 
detection in hematology. The sensor combines the anti-
fouling properties of a polydimethylsiloxane/TiO2 
(PDMS/TiO2) superhydrophobic coating with the specific 
recognition capabilities of conformationally changing 
peptides and the enhanced electrochemical detection of a 
CdTe-GO modified indium tin oxide (ITO) electrode. This 
approach addresses the limitations of current methods by 
providing a rapid, sensitive, and contamination-resistant 
platform for blood diagnostics. 

2. COMPOSITION AND WORKING 
PRINCIPLE OF THE HEMATOLOGY 
DEPARTMENT ANTI-INFECTION SENSOR 
AND ITS COMPONENTS 

The hematology anti-infection sensor (AIS) of bio-
based superhydrophobic material (BSHM) is a highly 
integrated system consisting of four main components that 
work together to achieve accurate and rapid infection 
detection. The first component is the target sample, which 
is the object detected by the sensor and contains a set of 
different biomolecules such as bacteria, viruses, toxins, 
and disease markers. The core component of the sensor, 
namely the biometric element, is the second part 
responsible for uniquely identifying the target sample. The 
third part is the sensor part, which can be classified into 
various types such as electrochemical sensors, optical 
sensors, color rendering sensors, thermal sensors, and 

microfluidic sensors, depending on the signal conversion 
principle. The last part is the signal amplifier and signal 
processor, which is responsible for amplifying and 
processing the weak signals output by the sensor for 
subsequent data analysis and result presentation, as shown 
in Fig. 1. To express multiple cis-transons on a single 
vector, the study introduces conformational changing 
peptides (Peptide), which is an element that can self-shear 
during the translation process. Peptides A1, A2, A3, and 
A4, which are bio-based peptides, not only serve as 
indicator ions, but also as recognition molecules, playing 
an important role in bacterial detection and recognition. 

The sequences of A1, A2, A3, and A4 are 
GIGKFLHSAKK, RRKRWKKLFS, FLHSAKKRRKR, 
and RWKKLFSQRRK. These peptides are immobilized on 
magnetic beads through a biotin-streptavidin system to 
create peptide-functionalized magnetic beads with specific 
recognition capabilities. These magnetic beads are able to 
rapidly and accurately aggregate on the surface of the 
polymer liquid membrane under the precise control of the 
magnetic field, triggering significant potential changes. 
When peptide-functionalized magnetic beads interact with 
bacteria, they are able to specifically recognize and bind to 
the bacterial surface. This interaction may cause changes in 
the charge quantity and density of peptides, which in turn 
can lead to changes in the electrode potential of peptide 
functionalized magnetic beads on the electrode. Measuring 
the change in electrode potential can indirectly detect 
bacteria, and effectively reduce the interference of 
background solution on electrode potential measurement 
by introducing an external magnetic field. The peptide-
functionalized magnetic beads can quickly and orderly 
aggregate on the surface of the electrode membrane. 

3. MATERIALS AND METHODS  

3.1. Materials 
Table 1 lists the materials and instruments used in the 

research. 

3.2. Methods 
3.2.1. BSHM fabrication 

The BSHM was fabricated on substrate using a two-
step process: TiO2 nanoparticle coating: the substrate was 
first immersed in a 20 nm TiO2 nanoparticle suspension 
(15 % w/v in ethanol) for 10 minutes. 

 
Fig. 1. Biosensor and its components 



Table 1. Experimental materials and instruments 

Material name Source Specifications and parameters Purity grade Use 
PDMS (Sylgard 184) Dow cCorning Viscosity: 3500 cSt 99.9% BSHM component 

TiO2 nanoparticles Laboratory-
made Particle size: 20 nm – BSHM component 

ITO conductive glass 
electrode Sigma-Aldrich Thickness: 0.7 mm, sheet resistance: 

≤10 Ω/sq, dimensions: 10 × 20 mm Optical grade (99.9 %) Electrode substrate 

CdTe quantum dots Alfa Aesar 

Particle size: 3.2 ± 0.5 nm, fluorescence 
emission wavelength: 580 nm, 
concentration: 1 mg/mL (dispersed in 
hexane) 

99.9 % (Trace Cd²⁺ <5 
ppm) 

Electrode 
modification 

GO ACS materials GO sheet thickness: 0.8 – 1.2 nm Elemental purity: ≥99.5% Electrode 
modification 

N,N-
Dimethylformamide 
(DMF) 

Sigma-Aldrich Anhydrous ≥99.8% Electrode 
modification 

Chitosan (CS) Sigma-Aldrich 
Deacetylation degree: ≥ 85 %, 
molecular weight: 50 kDa, 0.5 % acetic 
acid solution (pH 5.0) 

Biochemical reagent 
grade (≥90%) 

Electrode 
functionalization 

Bovine serum albumin 
(BSA) 

Thermo Fisher 
Scientific 

1% PBS solution (pH 7.4), molecular 
weight: 66.5 kDa, electrophoresis grade ≥98% (Low endotoxin) Blocking agent 

Specific recognition 
peptides (A1-A4) 

GL Biochem 
Custom 
Synthesis 

Solid-phase synthesis, C-terminal 
amination, HPLC purification, sequence 
contains 3 arginine residues 

HPLC purity: ≥95% Bacterial recognition 

Streptavidin-modified 
magnetic beads 

Thermo Fisher 
Scientific 

Particle size: 1 μm, surface streptavidin 
density: >104 sites/μm2, concentration: 
10 mg/mL (PBS buffer) 

Magnetic 
Responsiveness: >80% Signal amplification 

Phosphate buffered 
saline (PBS) Sigma-Aldrich pH 7.4 – Washing and buffer 

solution 
Sodium hydroxide 
(NaOH) Sigma-Aldrich Reagent grade: ≥98% – ITO electrode 

pretreatment 
Ethanol Sigma-Aldrich Absolute: ≥99.8% – Cleaning solution 

Ultrapure water Milli-Q system 18.2 MΩ·cm – Cleaning and solution 
preparation 

Blood agar plates Oxoid – – Bacterial cultivation 

Spectrophotometer Thermo Fisher 
Scientific – – 

Bacterial 
concentration 
determination 

CHI760E 
electrochemistry 
workstation 

Shanghai 
Chenhua 
Instrument 

– – Electrochemical 
measurement 

 

The suspension was prepared by sonicating the TiO2 
nanoparticles in the solvent for 30 minutes using a 
sonicator. The substrate was then dried in an oven at 60 ℃ 
for 1 hour to ensure complete solvent evaporation and firm 
attachment of the TiO2 nanoparticles. 

PDMS coating: a PDMS solution (10 wt.%) was 
prepared by mixing Sylgard 184 base and curing agent in a 
20: 1 weight ratio. The TiO2-coated substrate was then dip-
coated in the PDMS solution for 30 seconds and 
withdrawn at a controlled speed of 1 mm/s using a dip 
coater. The coated substrate was cured at 82 ℃ for 4 hours 
to form a solid, superhydrophobic PDMS layer. The 
resulting BSHM exhibited a hierarchical 
micro/nanostructure, as confirmed by scanning electron 
microscopy (SEM). The static water contact angle was 
measured to be 152 ± 2°, confirming superhydrophobicity. 

3.2.2. Peptide synthesis and functionalization 

Peptide synthesis: the peptides were synthesized using 
standard solid-phase peptide synthesis (SPPS) on a CS Bio 
CS336X using Fmoc chemistry [19]. The C-termini of the 

peptides were aminated. The crude peptides were purified 
by reverse-phase high-performance liquid chromatography 
(RP-HPLC) using an Agilent 1260 Infinity II system with a 
Waters XBridge BEH C18 (3.5 μm, 4.6 × 150 mm) column 
and a gradient of 10 % – 70 % acetonitrile in 0.1 % formic 
acid over 25 minutes. The purity of the peptides was 
confirmed to be ≥ 95 % by analytical RP-HPLC and mass 
spectrometry (Thermo Scientific Orbitrap Exploris 240). 

Peptide biotinylation: the peptides were biotinylated at 
their N-termini using NHS-Biotin according to the 
manufacturer's instructions. Briefly, 1 mg of peptide was 
dissolved in 0.1 M NaHCO3 (pH 8.3) and reacted with a 5-
fold molar excess of NHS-Biotin for 1 hour at room 
temperature. Unbound biotin was removed by dialysis 
against phosphate buffered saline (PBS) (pH 7.4) using a 
Slide-A-Lyzer Dialysis Cassette with a 3.5 kDa molecular 
weight cutoff. 

Magnetic bead functionalization: biotinylated peptides 
were attached to streptavidin-modified magnetic beads 
(1 μm diameter) via the strong biotin-streptavidin 
interaction. 80 μL of each peptide solution (10 μM in PBS, 



pH 7.4) was mixed with 20 μL of streptavidin-modified 
magnetic beads (10 mg/mL in PBS, pH 7.4) and incubated 
at room temperature for 30 minutes with gentle shaking. 
The beads were washed twice with PBS (pH 7.4) 
containing 1.0 M NaCl to remove unbound peptides and 
reduce non-specific interactions. The high salt 
concentration helps to disrupt any weak electrostatic 
interactions between the peptides and the beads, ensuring 
that only the strong biotin-streptavidin interaction remains. 
The resulting peptide-functionalized magnetic beads were 
resuspended in PBS (pH 7.4) and stored at 4 ℃ until use. 

3.2.3. Electrode modification 

ITO-coated glass slides (10 Ω/sq sheet resistance) 
were used as the working electrodes. The electrodes were 
pretreated as follows: 

Alkaline etching: the ITO slides were immersed in a 
boiling 1.0 M NaOH solution for 15 minutes to remove 
organic contaminants and create a hydroxylated surface. 
This step increases the surface hydrophilicity, as evidenced 
by a decrease in the water contact angle from 82° to 12°. 

Ultrasonic cleaning: the slides were then sequentially 
sonicated in a 1:1 (v/v) mixture of deionized water and 
ethanol, absolute ethanol, and ultrapure water 
(18.2 MΩ·cm) for 30, 20, and 10 minutes, respectively, 
with three solvent replacement cycles per step. 

Plasma activation: the slides were treated with oxygen 
plasma (50 W, 13.56 MHz) under a vacuum of 5 × 10-3 torr 
for 5 minutes to increase the surface oxygen vacancy 
density. This step enhances the adhesion of subsequent 
layers. 

Drying: the slides were dried in a nitrogen-purged 
oven at 50 ℃ for 2 hours (RH < 15 %) to remove any 
residual moisture. 

The pretreated ITO electrodes were then modified with 
CdTe and CdTe-GO as follows: 

CdTe quantum dots modification: aqueous-synthesized 
CdTe quantum dots (3.2 ± 0.5 nm diameter, 1 mg/mL 
concentration) were drop-casted onto pretreated ITO 
surfaces at a loading density of 20 μL/cm2. Pulse spin-
coating (2,000 rpm, 30 s pulse/10 s interval for 5 cycles) 
achieved mono-layer coverage. Annealing at 80 ℃ under 
nitrogen atmosphere for 15 minutes facilitated thiol-
hydroxyl coordination, forming a 12.3 ± 1.2 nm thick 
CdTe layer. 

CdTe-GO composite fabrication: mono-layer GO 
(0.8 – 1.2 nm thickness) prepared by a modified Hummers 
method [20] was ultrasonically blended with CdTe 
quantum dots in N,N-Dimethylformamide (DMF) at a 3:1 
mass ratio (CdTe:GO). The mixture was sonicated at 
40 kHz and 120 W for 2 hours to ensure uniform 
dispersion. Electrophoretic deposition (1.5 V, 5 minutes) 
of the CdTe-GO composite (0.5 mg/mL in DMF) on 
adjacent ITO regions resulted in oriented nanostructures. 
Vacuum curing at 120 ℃ for 30 minutes removed the 
solvent and improved the mechanical stability of the 
composite. The resulting 3D porous composite had a BET 
surface area of 420 m2/g. The DMF is a solvent to disperse 
both CdTe quantum dots and GO, facilitating their mixing 
and subsequent deposition. The 3:1 mass ratio was chosen 
based on preliminary experiments to optimize the balance 
between conductivity (provided by GO) and 

electrochemical activity (provided by CdTe). Vacuum 
curing removes residual DMF and improves the adhesion 
of the composite to the ITO surface. 

Chitosan (CS) and aptamer immobilization: a CS 
solution (0.5 % w/v in 0.5 % acetic acid, pH 5.0) was 
prepared. 10 μL of this solution was drop-casted onto the 
CdTe-modified regions of the ITO electrode and allowed 
to dry at room temperature, forming a CS/CdTe layer. The 
electrode was washed with PBS (pH 7.4) to remove 
unbound CS. Aptamers specific to the target bacteria were 
immobilized on the CdTe-GO regions via π-π stacking. 
10 μL of a 1 μM aptamer solution in PBS (pH 7.4) was 
incubated on the CdTe-GO modified region for 1 hour at 
37 ℃. The electrode was then washed with 0.1 M PBS 
(pH 7.4) to remove unbound aptamers. 

Blocking: to minimize non-specific binding and enable 
the electrode and magnetic beads to be reused, the 
electrode was incubated with a 1 % BSA solution in PBS 
(pH 7.4) at room temperature for 30 minutes. Then, clean 
the electrode with PBS (pH 7.4) and store at 4 ℃ until use. 
Wash the magnetic beads with PBS solution containing 
1.0 M NaCl and soak them in 0.1 M NaOH solution for 
5 minutes. Rinse thoroughly with ultrapure water and 
resuspend the magnetic beads in PBS at 4 ℃ for future use. 

Repetitive testing: to ensure the stability and reliability 
of the sensor, electrochemical performance tests were 
conducted on three independently prepared magnetic beads 
and CdTe-GO modified electrodes. Each group contains 5 
magnetic beads. After reacting with 1 × 10 ⁶ CFU/mL of 
Klebsiella pneumoniae, the electrode potential changes 
were recorded. Each group of 10 CdTe-GO modified 
electrodes were used to measure their redox peak current 
and Rct through cyclic voltammetry and electrochemical 
impedance spectroscopy. Determine consistency based on 
the obtained inter group differences. Conduct experiments 
on magnetic beads with high consistency and CdTe-GO 
modified electrodes. 

Stability testing: to evaluate the long-term stability of 
the electrode, the CdTe-GO modified ITO electrode was 
subjected to 100 consecutive CV cycles at a scan rate of 
100 mV/s and a potential range of -0.2 V to +0.6 V. 
Calculate the peak oxidation-reduction current and Rct 
probability after each cycle. After storing the electrode at 
4 ℃ for 30 days, perform CV and EIS tests again. 

3.2.4. Bacterial culture and detection 

Bacterial strains: the following bacterial strains were 
used in this study: P. aeruginosa, Staphylococcus aureus 
(S. aureus), Escherichia coli (E. coli), Klebsiella 
pneumoniae (K. pneumoniae), Enterococcus faecalis (E. 
faecalis), Staphylococcus epidermidis (S. epidermidis), 
Enterococcus faecium (E. faecium), and Legionella 
pneumophila (L. pneumophila). 

Culture conditions: the bacteria were cultured on blood 
agar plates (Oxoid) at 37 ℃ for 24 hours. Single colonies 
were picked and suspended in PBS (pH 7.4). 

Concentration determination: the bacterial 
concentration was determined using a spectrophotometer 
(Thermo Fisher Scientific) by measuring the optical 
density at 600 nm (OD600). A calibration curve was 
generated using serial dilutions of a known bacterial 
culture, and the OD600 values were correlated with 



colony-forming units per milliliter (CFU/mL) determined 
by plate counting. The bacterial suspensions were adjusted 
to a concentration of 1.0 × 106 CFU/mL for use in the 
experiments. 

Electrochemical detection procedure: 5 μL of the 
peptide-functionalized magnetic beads were mixed with 
5 μL of the bacterial suspension (1.0 × 106 CFU/mL) and 
incubated at room temperature for 60 minutes. The mixture 
was placed on the modified ITO electrode, and a magnet 
was placed underneath the electrode to attract the magnetic 
beads to the electrode surface. The potential difference 
between the working electrode (modified ITO) and an 
Ag/AgCl reference electrode was measured using a 
CHI760E electrochemical workstation (Shanghai Chenhua 
Instrument). A platinum wire was used as the counter 
electrode. Measurements were performed in PBS (pH 7.4) 
containing 5 mM [Fe(CN)6]3-/4- as a redox probe. 

3.2.5. Electrochemical measurements 

Cyclic voltammetry (CV): CV measurements were 
performed using a CHI760E electrochemical workstation 
in a three-electrode configuration. The modified ITO 
electrode served as the working electrode, an Ag/AgCl 
electrode as the reference electrode, and a platinum wire as 
the counter electrode. CV scans were performed in PBS 
(pH 7.4) containing 5 mM [Fe(CN)6]3-/4- at a scan rate of 
100 mV/s over a potential range of -0.2 V to +0.6 V. 

Electrochemical impedance spectroscopy (EIS): EIS 
measurements were performed using the same three-
electrode setup. EIS spectra were recorded over a 
frequency range of 100 kHz to 0.1 Hz with an AC 
amplitude of 10 mV at the open-circuit potential. The data 
were analyzed using CHI760E software and fitted to an 
equivalent circuit model to determine the Rct. 

3.2.6. Statistical analysis 

Linear discriminant analysis (LDA) was performed 
using SPSS software to analyze the potentiometric 
response data. Four factors (Factor 1-4) were extracted, 
representing different aspects of the bacterial-sensor 
interaction. Factor 1 primarily characterized the effects of 
bacterial cell wall components on the surface charge 
distribution of electrodes. Factor 2 reflected the surface 
hydrophobicity and adhesion tendency of bacteria. 
Factor 3/4 correlated specific metabolic products and ion 
channel activity, respectively, to distinguish gram positive 
and negative bacteria. The first two factors were used to 
create a two-dimensional classification map. The 
classification accuracy was calculated by comparing the 
LDA results with PCR results. Analysis of variance 
(ANOVA) was used to determine the statistical 
significance of differences between groups, with a p<0.05 
considered statistically significant. 

3.3. Sensor assembly 
The BSHM, prepared as described in Section 3.2.1, 

was applied to the modified ITO electrode (prepared as in 
Section 3.2.3) to create the final sensor. The BSHM 
coating served as an anti-fouling layer, preventing non-
specific adsorption of blood components and reducing 
background interference. 

4. RESULTS AND DISCUSSION 

4.1. BSHM characterization 
The SEM images of the BSHM are displayed in Fig. 2, 

where it is evident from Fig. 2 a. The PDMS nanoparticles 
have a uniform distribution on the surface of the bio-based 
material. However, those BSHM nanoparticles that are not 
doped with dimethylsiloxane tend to agglomerate together 
when redispersed in ultrapure water. Due to the large 
volume ratio of dimethylsiloxane itself, by introducing 
dimethicone, the agglomeration of nanoparticles during the 
dispersion process can be effectively prevented. The 
superhydrophobicity of the BSHM was confirmed by water 
contact angle measurements. In Fig. 2 c, the static water 
contact angle on the BSHM surface was 152°, indicating 
that water droplets readily roll off the surface. This 
excellent water repellency is attributed to the hierarchical 
micro/nanostructure of the BSHM, which traps air and 
minimizes the contact area between the water droplet and 
the solid surface. 

1 μm 100 nm  
a b c 

Fig. 2. SEM images of the BSHM: a – BSHM nanoparticles 
doped with dimethylsiloxane; b – BSHM nanoparticles not 
doped with dimethylsiloxane; c – static water contact 
angle diagram of BSHM 

To further evaluate the durability of BSHM coating, 
the changes in contact angle and their effects on coating 
performance were tested under sandpaper wear cycle, 
pH=2 immersion, pH=12 immersion, UV irradiation, blood 
environment simulation, and 80 ℃ heating. The test cycle 
for sandpaper wear cycle was 45 times, the test cycle for 
pH=2 and pH=12 was 1d, the test cycle for UV irradiation 
was 7d, the test cycle for blood environment simulation 
was 20 times, and the test cycle for 80 ℃ heating was 4h. 
The results are shown in Table 2. Under sandpaper wear 
conditions, the contact angle change of BSHM coating was 
150.3 ± 0.9°, the performance retention rate is 98.7 %, and 
the coating has no significant wear. Under pH=2 
immersion conditions, the contact angle of the coating 
changed by 151.2 ± 0.6°, and the performance retention 
rate was 99.3 %. The coating did not undergo significant 
degradation. Under pH=12 immersion conditions, the 
contact angle of the coating changed by 150.9 ± 0.5°, the 
performance retention rate was 99.5 %, and the coating did 
not undergo chemical degradation. Under UV irradiation 
conditions, the contact angle change of BSHM coating was 
151.1 ± 0.4°, the performance retention rate was 99.7 %, 
and the coating had no photodegradation. Under simulated 
blood environment conditions, the contact angle change 
was 150.6 ± 0.7°, the performance retention rate was 
98.5 % and the coating has no significant wear. Under a 
heating environment of 80 ℃, the contact angle change of 
BSHM coating was 151.3 ± 0.6°, the performance 
retention rate was 99.1 %, and the coating did not undergo 



thermal degradation. This indicates that the BSHM coating 
can still maintain high superhydrophobicity under various 
conditions, making it suitable for anti-fouling requirements 
in hematological testing. 

Table 2. Experimental materials and instruments 

Test 
conditions 

Test 
cycles 

Contact 
angle 

change, ° 

Performance 
retention, % Coating changes 

Sandpaper 
Abrasion 

45 
cycles 150.3±0.9 98.7 No obvious wear 

on coating 

Immersion 
in pH = 2 1d 151.2±0.6 99.3 No chemical 

degradation 

Immersion 
in pH = 12 1d 150.9±0.5 99.5 No chemical 

degradation 
UV 
Irradiation 7d 151.1±0.4 99.7 No 

photodegradation 
Simulated 
blood 
environment 

20 
cycles 150.6±0.7 98.5 No obvious 

contamination 

Heating at 
80 °C 4h 151.3±0.6 99.1 No thermal 

degradation 

4.2. Electrode modification and characterization 
The modification of the ITO electrode with CdTe and 

CdTe-GO was confirmed by SEM and electrochemical 
measurements. Fig. 3 displays the SEM of three materials. 
The smooth surface of the unaltered ITO electrode is 
demonstrated in Fig. 3 a. Fig. 3 b demonstrates the 
distribution of CdTe on the ITO substrate. The distinct 
morphology of the CdTe particles, which are consistently 
and densely distributed over the ITO, confirms that CdTe 
has been successfully changed on the surface of the ITO. 
Fig. 3 c reveals the further change of ITO surface 
morphology. CdTe is arranged and distributed on the ITO 
surface in a specific way, which makes the originally 
smooth surface slightly rougher and presents a denser and 
specific textured morphology. This change indicates that 
the CdTe-GO molecule has been successfully immobilized 
on the GO surface.  

 
a b 

 

c 

Fig. 3. SEM images of the modified ITO electrodes: a – bare ITO 
electrode; b – CdTe-modified ITO electrode; c – CdTe-
GO-modified ITO electrode 

The research immobilizes CdTe, CdTe-GO molecules 
on ITO electrodes. To verify the effect of this 
immobilization, SEM was used to characterize the 
experiment. As an advanced analytical tool, SEM can 
image and analyze the microfabricated morphology of the 
electrode surface with high precision, which in turn reveals 
the specific morphology and structural features of the 
modified substances on the electrode surface. Fig. 3 
displays the SEM of the three materials. 

The characterization of the surface modification 
process of the sensing electrode is presented in Fig. 4. CV 
was performed within a potential range of -0.2 V to 0.6 V 
to evaluate the electrochemical properties of different 
electrode modifications. Specifically, curve (a) 
corresponds to the bare ITO electrode, curve (b) represents 
the chemically treated ITO electrode, curve (c) denotes the 
CdTe-modified ITO electrode, and curve (d) illustrates the 
CdTe-GO-modified ITO electrode. In Fig. 4, the CV 
analysis revealed that the CdTe-GO-modified electrode 
(curve d) exhibited a significant redox peak within the -
0.2 V to 0.6 V range, with a peak current that was 2.3 
times higher than that of the bare ITO electrode (curve a). 

 
a 

 
b 

Fig. 4. Electrochemical characterization of the modified ITO 
electrodes: a – cyclic voltammetry (CV) shows that the oxidation-
reduction peak current of CdTe-GO electrode is 2.3 times higher 
than that of bare ITO (the scan rate is 100 mV/s); b –
 electrochemical impedance spectroscopy (EIS) confirms that the 
Charge Transfer Resistance (Rct) of CdTe-GO electrode 
decreases to 42 Ω, which is superior to CdTe (138 Ω) and bare 
ITO (215 Ω) 

This enhancement indicates that the quantum 
confinement effect of the composite material substantially 
improves electron transfer efficiency at the interface. 
Furthermore, the two-dimensional conductive network of 
GO provides directional electron transport pathways for 



CdTe quantum dots, leading to a three-order-of-magnitude 
increase in carrier mobility (from 10 Ö³ to 10 Å cm2/V·s). 
During the electrode modification and assembly process, 
the variation in current peaks corresponds directly to 
changes in electron transfer efficiency.  

EIS further elucidates the impact of electrode 
modifications on charge transfer characteristics. The EIS 
results indicate that the bare ITO electrode exhibits 
relatively low electrochemical impedance, suggesting 
excellent electron transfer performance and efficient 
electrochemical activity, allowing rapid and smooth redox 
reactions at the electrode surface. In contrast, the 
impedance of the chemically treated ITO electrode is 
slightly higher, indicating that the modification process 
introduces subtle changes to the electrochemical activity of 
the electrode surface. The impedance of the CdTe-
modified ITO electrode is further increased, confirming the 
successful immobilization of CdTe nanoparticles on the 
electrode surface. Notably, the Rct of the CdTe-modified 
electrode (curve c) is measured at 138 Ω·cm2, highlighting 
the impact of CdTe functionalization on interfacial charge 
dynamics. Importantly, the synergistic effect of GO and 
CdTe significantly optimizes the electron transfer pathway, 
as evidenced by the quasi-reversible oxidation peak shift 
(ΔEp = 68 mV) in the CV curve of the CdTe-GO-modified 
electrode (curve d) toward a lower over-potential. This 
enhancement in electron transport kinetics reinforces the 
electrochemical foundation for highly sensitive bacterial 
detection, achieving a detection limit as low as 
10 CFU/mL. 

The combined findings from CV and EIS 
measurements not only confirm the successful 
modification of the ITO electrode surface with CdTe-GO 
but also demonstrate the effective electrochemical 
operation of the sensor. These results validate the proposed 
sensing platform as a promising approach for rapid and 
sensitive bacterial detection, with potential applications in 
biomedical and clinical diagnostics. 

The long-term stability and electrochemical 
reproducibility of the electrode are tested from three 
aspects: continuous CV cycling, storage stability, and inter 
batch reproducibility. The peak current retention rate, Rct 
change rate, and peak current RSD of electrodes in 
different aspects are calculated. The results are shown in 
Table 3. For continuous CV cycle testing, when the 
number of cycles was 10, the peak current retention rate of 
the electrode was 98.2 %, the Rct change rate was 3.2 %, 
and the peak current RSD was 2.8 %. When the cycle was 
50 times, the peak current retention rate of the electrode 
was 96.7 %, the Rct change rate was 6.8 %, and the peak 
current RSD was 3.5 %. When the number of cycles was 
100, the peak current retention rate of the electrode was 
95.3 %, the Rct change rate was 8.7 %, and the peak 
current RSD was 3.8 %. In the storage stability test, when 
the storage time was 7 days, the peak current retention rate, 
Rct change rate, and peak current RSD of the electrode 
were 97.8 %, 2.5 %, and 2.6 %, respectively. After storing 
15 days, the peak current retention rate, Rct change rate, 
and peak current RSD of the electrode were 96.5 %, 4.1 %, 
and 3.2 %, respectively. When stored for 30 days, the peak 
current retention rate, Rct change rate, and peak current 
RSD of the electrode were 95.1 %, 5.3 %, and 3.4 %, 

respectively. In the inter batch reproducibility test, the 
peak current retention rate of the reference electrode was 
100 %, and the Rct change rate was 0. The independently 
prepared control electrode 1 had a peak current retention 
rate of 99.2 %, Rct change rate of 1.3 %, and peak current 
RSD of 3.8 % relative to the reference electrode. 
Compared with the reference electrode, the peak current 
retention rate, Rct change rate, and peak current RSD of 
control electrode 2 were 98.9 %, 1.7 %, and 4.2 %, 
respectively. According to the stability test results of the 
electrode, the oxidation-reduction peak current retention 
rate of the modified electrode was high, and the Rct change 
rate was low. The electrode structure remains stable during 
repeated scanning. Meanwhile, the difference between the 
CV peak current and EIS impedance of the electrode and 
the initial value was small, indicating that it had good long-
term preservation performance. According to the 
reproducibility results, the RSD of both control electrodes 
to the reference electrode was less than 5 %, indicating that 
the electrode preparation method had high repeatability. 

Table 3. Test results of long-term stability and electrochemical 
reproducibility of electrodes 

Test conditions Condition 

Peak 
current 

retention 
rate, % 

Rct 
change 
rate, % 

Peak 
current 
RSD, % 

P 

Continuous CV 
cycle test 

10 times 98.2 3.2 2.8 >0.05 

50 times 96.7 6.8 3.5 >0.05 

100 times 95.3 8.7 3.8 >0.05 

Storage 
stability 

7d 97.8 2.5 2.6 >0.05 
15d 96.5 4.1 3.2 >0.05 
30d 95.1 5.3 3.4 >0.05 

Reproducibility 

Reference 
electrode 100.0 0.0 / / 

Control 
electrode 

1 
99.2 1.3 3.8 >0.05 

Control 
electrode 

2 
98.9 1.7 4.2 >0.05 

4.3. Peptide response and bacterial detection 
To further investigate the electrode response 

characteristics of the selected peptides, a series of 
potentiometric measurements were conducted, and the 
results are presented in Fig. 5. In Fig. 5 a, Peptide A1 
exhibited a stable and well-defined potentiometric 
response, demonstrating reliable performance. Similarly, 
Fig. 5 b illustrates that Peptide A2 also generates a notable 
potential response, which may be attributed to its unique 
molecular structure and specific interaction mechanism 
with the electrode surface. Among all tested peptides, 
Peptide A3 (Fig. 5 c) induced the most pronounced 
potential response, likely due to its higher charge density, 
which facilitates significant potential changes upon 
interaction with the electrode. In contrast, Peptide A4 
(Fig. 5 d) displayed a relatively weak response, primarily 
due to its lower charge density. Additionally, the 
hydrophilic amino acids in Peptide A4 may influence its 



interaction with the electrode membrane, leading to a 
decrease in response amplitude. 

Quantitative analysis reveals that the mean potential 
change (ΔE) for Peptides A1 and A3 is +28.7 ± 1.2 mV 
and +32.4 ± 1.5 mV (n = 5), respectively, which are 
significantly higher than that of Peptide A4 (+5.3 ± 0.8 mV, 
P < 0.01, ANOVA). According to the Nernst slope 
evaluation, the sensitivity of peptides A1 and A3 was 
54.3 mV/decade and 58.1 mV/decade, respectively, both 
approaching the theoretical value (59.2 mV/decade). 
whereas Peptide A4 exhibits a significantly lower slope of 
21.6 mV/decade. Repeatability tests indicate a relative 
standard deviation (RSD) of < 4.2 % (n = 10), with intra-
day and inter-day coefficients of variation of 3.8 % and 
5.1 %, respectively. Statistical analysis confirms no 
significant difference in response between Peptides A1 and 
A3 (P = 0.12), whereas Peptides A2 and A4 exhibit 
significantly different responses (P < 0.05). 

 
a b 

 
c d 

Fig. 5. Direct potential response of four peptides on polymer 
membrane electrodes: a – peptide A1; b – peptide A2;  
c – peptide A3; d – peptide A4 

To assess the sensitivity of the sensor to bacterial 
detection, potentiometric measurements were conducted 
for eight hematological bacterial species: P. aeruginosa, S. 
aureus, E. coli, K. pneumoniae, E. faecalis, S. epidermidis , 
E. faecium, and L. pneumophila. The response 
characteristics of different peptides to these bacteria are 
presented in Fig. 6. In Fig. 6, variations in electrode 
potential responses were observed among different 
peptides for the same bacterial species, primarily due to 
differences in peptide affinity. For S. aureus and S. 
epidermidis, Peptide A3 exhibited relatively high response 
variability, whereas Peptide A2 demonstrated the most 
stable response. Similarly, for P. aeruginosa, Peptide A4 
showed significant response dispersion, while Peptide A2 
exhibited the smallest error. In contrast, for E. faecium, 
Peptide A1 demonstrated a larger response error, while 
Peptide A3 exhibited the most stable response. 

These differences can be attributed to the intrinsic 
physicochemical properties of the peptides. Peptide A3, 
which contains a high-density arginine/lysine (RRKR 
motif), interacts electrostatically with negatively charged 
OMPs (e.g., OprF porin) of Gram-negative bacteria such as 
P. aeruginosa. However, its ability to penetrate the thick 

glycan layer of Gram-positive bacteria like S. aureus is 
limited, leading to increased response variability. 
Additionally, structural compatibility plays a crucial role. 
Peptides A1 and A2 mimic the α-helix core of Magainin-2 
(GIGKFLH sequence), which selectively recognizes β-
barrel transmembrane proteins. Notably, Peptide A2 
exhibits a higher structural fit, resulting in a more stable 
signal when interacting with Staphylococcus surface 
proteins such as OmpA. Furthermore, Peptide A4, which 
contains a hydrophilic serine residue, reduces nonspecific 
adsorption from the blood matrix (< 5 %) but also weakens 
its binding efficiency to the hydrophobic 
lipopolysaccharide layer, leading to increased response 
variability for P. aeruginosa. 

 
Fig. 6. Potential changes in the interaction between Pseudomonas 

aeruginosa, Staphylococcus aureus, Escherichia coli, 
Klebsiella pneumoniae, Enterococcus faecalis, 
Staphylococcus epidermidis, and Legionella pneumophila 
with peptides A1-A4 

In addition, the study isolates and characterizes two 
unknown bacteria from four different sources of 
hematology samples by plate delineation method. The 
potential response of these two bacteria under different 
conditions is measured using the sensor system and the 
LDA technique is adopted. Meanwhile, 10 fold cross 
validation is used in LDA to randomly divide the collected 
bacterial samples into 10 non-overlapping sub samples. 
One sub sample is selected as the test set, and the 
remaining 9 sub samples are used as the training set, which 
is repeated 10 times. The average classification accuracy is 
calculated to ensure the reliability of the results. The 
experimental results are shown in Table 4. The four factors 
(Factor 1-4) extracted by LDA represent the potential 
response characteristics of different dimensions, reflecting 
the specific interaction between bacteria and the sensor 
interface. Factor 1 primarily characterizes the effects of 
bacterial cell wall components (such as peptide layer 
thickness and LPS charge) on the surface charge 
distribution of electrodes. Factor 2 reflects the surface 
hydrophobicity and adhesion tendency of bacteria, which 
is related to the resistance of superhydrophobic materials 
to biological pollution. Factor 3/4 correlates specific 
metabolic products, such as β- sulfaminase, and ion 



channel activity, respectively, to distinguish Gram positive 
and negative bacteria. 

Table 4. Potentiometric responses to two unknown bacteria and 
the factors calculated with LDA 

EMF 
1 

EMF 
2 

EMF 
3 

EMF 
4 

Factor 
1 

Factor 
2 

Factor 
3 

Factor 
4 

11.80 5.90 14.40 7.10 –0.29 –4.73 2.27 0.02 
12.40 3.00 13.00 8.90 11.49 –2.81 0.28 1.56 
8.60 4.10 8.00 8.20 –3.20 –1.39 0.81 –0.66 

12.20 4.30 9.70 7.20 10.88 –5.33 0.60 0.81 
12.80 5.00 14.10 4.40 –1.13 –4.36 1.04 –1.50 
7.30 3.50 15.00 5.00 10.06 –4.71 0.11 0.58 
8.40 4.20 14.10 6.00 9.59 –3.26 -0.28 1.99 
9.50 3.80 9.60 5.70 11.80 –4.08 0.76 0.33 

The mechanism by which the sensor system 
successfully differentiates K. pneumoniae from P. 
aeruginosa is derived from its multi-dimensional 
identification and signal enhancement design. First, four 
self-shear peptides (A1-A4) bind specifically to different 
bacterial surfaces to produce a unique potential response 
pattern (EMF1-4) by differentiated charge characteristics 
and structural design (such as the highly positive charge of 
A3 targeting the negatively charged region of the bacterial 
membrane, and A1/A2 mimicking antibiotic protein alpha 
helix targeting Gram negative bacteria OMPs). For 
example, the OprF porin of P. aeruginosa binds more 
strongly to the FLH of A2. The capsule glycan of K. 
pneumoniae interacts significantly with the polyarginine 
motif of A3, resulting in a prominent difference in EMF3 
(14.40 vs 9.70 for EMF3 in Table 2 in both groups, 
respectively). Secondly, the CdTe-GO composite electrode 
reduces the charge transfer impedance to 42 Ω through 
quantum confinement effect, significantly improving the 
sensitivity of electrical signals. Therefore, small potential 
variations such as 12.80 and 7.30 mV of EMF1 can be 
accurately captured. The LDA algorithm further extracted 
four factors, among which Factor 1 (contribution > 60 %) 
mainly reflects the difference in charge response of A3/A4, 
and factor 2 is correlated to the structural specificity of 
A1/A2. Two dimensional spatial clustering separation is 
achieved by maximizing the inter class variance (such as 
11.49 vs. –3.20 for Factor 1), with a classification accuracy 
of 98.2 %. The superhydrophobic surface (contact 
angle > 150°) simultaneously inhibits the non-specifical 
absorption of blood components to < 5 cells/mm2, reducing 
background interference (e.g. EMF4 standard deviation 
< 0.5 mV), and ensuring that the signal specificity is highly 
consistent with PCR results. The raw bacterial potential 
response data obtained from potentiometric sensors are 
processed and analyzed using LDA technology, and four 
key factors (Factor 1 to Factor 4) are identified, which 
reflect the combined distribution of the potential response 
in different characteristic dimensions. By analyzing the 
factor scores of two bacterial samples from unknown 
hematological origin, it is revealed that the two strains are 
K. pneumoniae and P. aeruginosa, which are in good 
agreement with the actual classification of the strains using 
the PCR assay. 

To verify whether the sensor exhibits false positive 
specific signals caused by common blood components such 
as fibrinogen, albumin, or lipids under real biological 
conditions, the sensor is exposed to simulated blood 
environments containing different concentrations of 
fibrinogen, albumin, and lipids. Then, the electrochemical 
response is recorded. The results are shown in Table 5. 
Under fibrinogen interference conditions, when the 
fibrinogen concentration was 0.5 mg/mL, the peak current 
retention rate was 97.8 %, the ΔE change was 2.1 mV, and 
the false positive rate was 3.3 %. When the concentration 
of fibrinogen was 1.0 mg/mL, the peak current retention 
rate was 95.2 %, the ΔE change was 1.3 mV, and the false 
positive rate was 4.1 %. When the concentration of 
fibrinogen was 20 mg/mL, the peak current retention rate, 
ΔE change, and false positive rate were 94.8 %, 0.9 mV, 
and 4.7 %, respectively. When the concentration of 
albumin was 5 mg/mL, the peak current retention rate, ΔE 
change, and false positive rate were 96.2 %, 2.6 mV, and 
2.9 %. When the concentration of albumin was 10 mg/mL, 
the peak current retention rate was 94.3 %, the ΔE change 
was –3.2 mV, and the false positive rate was 3.6 %. When 
the albumin concentration was 20 mg/mL, the peak current 
retention rate was 92.3 %, the ΔE change was -3.6 mV, 
and the false positive rate was 4.5 %. Under lipid 
interference conditions, when the lipid concentration was 
0.1 % (v/v), the peak current retention rate, ΔE change, and 
false positive rate were 96.3 %, 1.8 mV, and 2.7 %. When 
the lipid concentration was 0.5 % (v/v), the peak current 
retention rate, ΔE change, and false positive rate were 
95.7 %, 2.3 mV, and 3.2 %.  

Table 5. Electrochemical response of sensors in simulated blood 
environments with different concentrations of 
fibrinogen, albumin, and lipids 

Test conditions Condition 

Peak 
current 

retention 
rate, % 

Rct 
change 
rate, % 

Peak 
current 
RSD, % 

p 

Continuous CV 
cycle test 

10 times 98.2 3.2 2.8 >0.05 
50 times 96.7 6.8 3.5 >0.05 

100 times 95.3 8.7 3.8 >0.05 

Storage stability 
7d 97.8 2.5 2.6 >0.05 

15d 96.5 4.1 3.2 >0.05 
30d 95.1 5.3 3.4 >0.05 

Reproducibility 

Reference 
electrode 100.0 0.0 / / 

Control 
electrode 1 99.2 1.3 3.8 >0.05 

Control 
electrode 2 98.9 1.7 4.2 >0.05 

When the lipid concentration was 1.0 % (v/v), the peak 
current retention rate, ΔE change, and false positive rate 
were 93.8 %, 2.9 mV, and 3.9 %. In different testing 
environments, the peak current retention rate is relatively 
high, indicating that the sensor has good anti-interference 
performance. The small changes in ΔE indicate good 
signal stability in complex biological environments. 
Meanwhile, the false positive rates are all below 5 %, 
indicating that the sensor can effectively avoid non-



specific adsorption of blood components and has good 
anti-fouling performance. 

4.4. Discussion 
The study successfully immobilized CdTe and CdTe-

GO molecules on the ITO electrode, and the modification 
effect was verified through high-precision SEM analysis. 
Experimental observations revealed that CdTe particles 
were uniformly distributed on the ITO surface, resulting in 
a slightly roughened surface compared to the original 
smooth one. In addition, the study also deeply probed the 
potential response behavior of Peptide on the modified 
electrode. The experimental results indicated that different 
types of peptides exhibited distinct potential response 
characteristics due to their unique molecular structures and 
differences in the interaction mechanisms with the 
electrode surface. This finding provided a new perspective 
for understanding the mechanism of peptide-electrode 
interaction. To verify the bacterial sensitivity of the 
constructed sensor, various common hematology bacteria 
were selected for potentiometric response testing. Data 
experiments showed that due to the different affinities of 
different peptides for them, even the same bacteria could 
cause significant changes in the potential response. In 
addition, the study also successfully isolated and identified 
two unknown bacteria by the plate delineation method. The 
potential response data was processed in depth using the 
LDA technique. The findings indicated that the method 
accurately identified the two bacteria as K. pneumoniae 
and P. aeruginosa, respectively. This result is highly 
consistent with the actual strain classification conclusions 
obtained using PCR detection methods. Through CV and 
EIS tests, the study provided insights into the changes in 
electrochemical behavior of the electrode under different 
modification conditions. The outcomes revealed that the 
ITO electrodes treated with the experimental steps 
mentioned in the study showed a corresponding change in 
the peak current. This change trend was consistent with the 
EIS measurements results, which strongly proved the 
effectiveness of electron transfer and the changes in 
electrode properties during the processing. In this study, 
the synergistic integration of multi-hole interface and 
quantum dots electrochemically sensing is performed for 
the first time, breaking the technical bottleneck of non-
specific absorption and signal attenuation in blood matrix, 
and laying the material and mechanism foundation for the 
development of anti-decontamination instant diagnostic 
equipment. 

Compared with the existing technologies, the 
developed biosensor has significant advantages on anti-
pollution performance and detection performance. In 
contrast to the reported soybean protein coating (98.6 % 
reduction in P. aeruginosa adherence) [11], BSHM 
material achieved a superhydrophobic surface with a 
contact angle > 150° through a PDMS/TiO ž composite, 
binding a micro nanostructure to reduce the amount of 
microbial adherence to < 5 cells/mm2, and reduce the false 
positive rate caused by interference with blood components 
from 18 % to 25 % to <  5%. In terms of detection 
performance, although the detection limit of the system 
(1×10 æ CFU/mL) was slightly higher than that of 

graphene quantum dots electrode (10 CFU/mL) [11], the 
multiple identification of eight blood pathogens (with an 
accuracy rate of 94.7 %) was achieved through the 
synergistic effect of self-shear peptides and CdTe-GO 
composite conductive network, which was significantly 
better than the single indicator detection system 
(attenuation > 40 %) [10]. Detection time was reduced 
from 4 – 8 hours to 90 minutes and the equipment cost was 
reduced by 80 % compared with PCR technology. 
Compared with the existing sensors based on CRISPR/Cas, 
the sensors based on CRISPR/Cas usually required 
operations such as synthesizing specific crRNA or sgRNA, 
purchasing Cas proteins, and conducting nucleic acid 
amplification, with relatively high costs. Due to the need to 
separate the amplification and cutting steps, the detection 
time of the CRISPR/Cas-based sensor was relatively long. 
Meanwhile, the signal output of CRISPR/Cas sensors often 
relied on fluorescent labels or electrochemical labels, etc. 
These tags may be affected by background signal 
interference, thereby reducing detection sensitivity. The 
biosensors developed in this study mainly involve 
relatively inexpensive materials such as PDMS and TiO₂, 
as well as conventional biochemical reagents and 
operations such as peptides, magnetic beads, and electrode 
modifications. There is no need for complex instruments 
and equipment or expensive fluorescent labeling or nucleic 
acid amplification steps, and has a relatively low cost 
advantage. In terms of detection time, the entire process of 
the sensor in this paper can be completed within 90 
minutes. In terms of sensitivity, the sensor in this paper, 
based on the CdTe-GO composite material modified 
electrode and the signal amplification effect of self-shear 
peptides, has a detection limit as low as 10 CFU/mL and a 
relatively high sensitivity. However, current research still 
has limitations: 1) Detection limits have not yet reached 
the single cell level and need to be optimized by signal 
amplification strategies. 2) Only 8 bacterial species are 
verified, and the detection of resistant strains and viruses is 
not covered. 3) Long term stability data is inadequate, and 
the performance degradation of superhphobic surfaces 
after repeated blood contact has not been evaluated. 4) 
Although the current detection limit is superior to 
traditional culture methods, it is not sufficient to detect 
early infections in immunocompromised hematological 
disease patients. 

Future research can further expand the range of 
bacterial species to validate the broad applicability and 
accuracy of this sensor. Meanwhile, the signal 
amplification capability will be further enhanced by 
optimizing the molecular structure and charge density of 
peptides. By introducing nanomaterials such as quantum 
dots, the sensitivity of electrochemical detection can be 
improved, thereby reducing the detection limit. 
Furthermore, the performance of the sensor can be 
optimized, such as increasing the detection speed and 
lowering the detection limit to meet clinical needs. 
Additional clinical trials can also be conducted to evaluate 
the efficacy and reliability of this sensor in real-world 
medical settings. Finally, this technology will be explored 
in other biomedical fields, such as disease diagnosis and 
biological monitoring. 



5. CONCLUSIONS 
To solve the high risk of infection caused by external 

microbial contamination during medical processes such as 
blood testing and transfusion, a novel hematology specific 
sensor with anti-infection function was designed based on 
BSHM. The experimental results revealed that the CdTe-
GO composite structure successfully modified and 
optimized the surface morphology of the ITO electrode by 
finely tuning the CdTe particles uniformly attached and 
deposited on the surface of electrodes with excellent 
conductivity, forming a modified layer with specific 
texture characteristics, which significantly improves the 
functionality and stability of the sensing interface. The data 
was processed by LDA technique and successfully 
differentiated between K. pneumoniae and P. aeruginosa, 
which was in accordance with the PCR assay results. In 
addition, the electrode modification process was 
electrochemically characterized, and CV scans showed the 
effect of the modification steps on electron transfer. The 
EIS measurements confirmed the successful modification 
of CdTe and CdTe-GO. In summary, the research has 
achieved positive results in sensor performance testing and 
application analysis, providing new ideas and methods for 
the rapid detection of bacterial infections in hematology. 
The limitation of this study is that the tested bacterial 
species are limited (only eight pathogens) and may not 
fully cover all common or newly emerging infectious 
pathogens in clinical hematology. For example, antibiotic 
resistant S. aureus or rare fungi are also not included. 
These fungi pose a high risk of infection in 
immunocompromised patients. In addition, experiments 
are conducted in a simulated blood environment, and the 
complex components of real clinical samples, such as 
hyperlipemia or lysogenic samples, may affect the 
specificity of the sensor. In the future, the scope of 
pathogenicity validation should be expanded to test the 
anti-interference performance of various clinical samples 
to improve the universality of practical applications. 
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