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A B S T R A C T

Staphylococcus aureus (S. aureus) is the most common pathogen in human purulent infections, which can cause
local purulent infections, as well as pneumonia, pseudomembranous enteritis, pericarditis, and even systemic
infections. The conventional methods including bacteria colony counting, polymerase chain reaction and
enzyme-linked immunosorbent assay can’t fully meet the requirement of highly sensitive detection of S. aureus
due to their own disadvantages. Therefore, it’s an urgent need to develop new platform to detect S. aureus in the
early infection stage. In this study, a new surface-enhanced Raman scattering (SERS)-based nanoplatform based
on dual-recognition of aptamer (Apt) and vancomycin (Van) was developed for the highly sensitive detection of
S. aureus. The SERS nanoplatform consisted of two functional parts: aptamer-conjugated Fe3O4 magnetic
nanoparticles (Fe3O4-Apt MNPs) for bacteria enrichment and vancomycin modified-Au nanoparticles (Van-Au
NPs) as the SERS probes for S. aureus quantitative detection. Upon the target bacteria enrichment, the SERS
signals of the supernatant after magnetic separation could be obtained and analyzed under different concen-
trations of S. aureus. The limit of detection of the proposed assay was found to be 3.27 CFU/mL. We believe that
the proposed SERS-based nanoplatform has great potential as a powerful tool in the early detection of specific
bacteria.

1. Introduction

Staphylococcus aureus (S. aureus) is one kind of the most common
opportunistic pathogens affecting human survival and is considered to
be one of the five leading pathogens associated with infection-related
health [1,2]. It can infect almost all tissues, resulting in a variety of
diseases including bacteremia, skin and soft tissue infection, ostemye-
litis, pneumonia and so on [3,4]. Conventionally, bacterial culture and
biochemical identification are considered as the gold standard in the

detection of S. aureus [5]. However, it needs long culture time even
several days due to the pre-enrichment and selective differential plating
steps, which limits the rapid detection for clinical diagnosis [6,7]. Po-
lymerase chain reaction (PCR) has been widely used as a powerful tool
for bacteria identification; unfortunately, it still needs sample pretreat-
ment procedures including DNA extraction and signal amplification by a
sequential thermo-cycling process, which easily induce false-positive
signals [8]. Although the enzyme-linked immunosorbent assay (ELISA)
holds a variety of advantages including easy use, high stability and
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repeatability, the repeated incubation and washing steps are
time-consuming and lacks in sensitivity and specificity [9,10]. There-
fore, there is still an urgent need for rapid and specific detection of
bacterial pathogens.

Recently, surface-enhanced Raman scattering (SERS) has attracted
increasing attention due to its high sensitivity, simple operation and
fingerprint spectra, which has been extensively used for the detection of
proteins, DNA, bacteria, small molecules and toxic metal ions [11,12].
Twomajor types of SERS detection, label-free and label-based strategies,
have been extensively applied for bacteria identification [13,14]. The
former strategy is to directly obtain the Raman spectra of
whole-organism fingerprint of bacteria through the close attachment of
bacteria cell to SERS active substrates [15]. However, this method is
seriously affected by complex matrix and lacks enough sensitivity [16].
In contrast, labeled-based detection is an indirect approach that using
SERS probes as quantitative reporters for bacterial detection [17]. More
interestingly, the combination of separation tools with SERS probes
including magnetic approach, microfluidics and lateral flow assay, can
efficiently improve the sensitivity of SERS detection and enrichment of
target bacteria in complex samples [18,19]. In addition, one of the key
challenges in these methods is to improve the binding efficiency of SERS
probes toward the bacteria. Therefore, SERS probes with high sensitivity
and specificity are crucial for SERS-based bacterial detection.

Nowadays, SERS probes-bacteria-substrates sandwich immunocom-
plex is the most common strategy in SERS-based immunoassay with a
pair of antibodies or aptamers for recognizing the different antigenic
epitopes on the bacteria surface [20,21]. However, the unspecific ab-
sorption induced by the cross-linking between antibodies/aptamers and
other interferent usually induces the false signals. Thus, the
dual-recognition strategy based on different moieties maybe the po-
tential solution to overcome the above obstacle [22–25]. In addition, the
volume of immunocomplex is relatively large, making it difficult for the
laser spot to fully cover, resulting in significant errors in the detection
results. If the volume ratio among SERS probes, bacteria and substrates
can be precisely regulated, the quantitative detection of the supernatant
separated from the immunocomplex has the great potential to signifi-
cantly reduce the fluctuations of SERS signals, which will efficiently
improve the sensitivity and stability.

Here, we reported a universal SERS-based system with dual-
recognition moieties of aptamers and vancomycin (Van) for highly
sensitive and specific detection of S. aureus by integrating magnetic
capture/separation and SERS probes (Van modification) binding. The
proposed assay consisted of two steps performed simply in microtubes.
The target bacteria were firstly captured and separated from the samples
through aptamers conjugated Fe3O4 MNPs. Then, SERS probes were
introduced to quantify the captured bacteria, which could specifically
bind the gram-positive bacteria due to the presence of Van. Finally, the
SERS signals for supernatant were recorded through Raman system.
With the increasing concentration of S. aureus, more bacteria could be
captured by Fe3O4 MNPs and recognized by SERS probes, resulting in
the decreased SERS signals induced by the less SERS probes in the su-
pernatant. The detection limit of S. aureus could reach 3.27 CFU/mL,
which was much lower than that of the conventional methods. More-
over, the SERS detection method demonstrated high sensitivity for real
clinical samples. We believe the proposed method could serve as a
powerful detection system for diagnosis of bacterial infection.

2. Experimental section

2.1. Materials

Malachite green isothiocyanate (MGITC) was purchased from
Thermo fisher scientific (USA). Gold (III) chloride trihydate
(HAuCl4⋅3H2O) was bought from Siyu Chemcial (Jiangsu, China).
Streptavidin magnetic spheres were bought from Beyotime (Shanghai,
China). Sulfhydryl-polyethylene glycol-succinimide ester (HS-PEG2000-

NHS) was purchased from Ponsure Biotech (Shanghai, China). N-
hydroxysulfosuccinimide (NHS) and N-(3-Dimethylaminopropyl)-N′-
ethylcarbodiimide hydrochloride (EDC) were bought from Aladdin
Biochemical (Shanghai, China). Vancomycin was bought from Macklin
Biochemical (Shanghai, China). The streptavidin-Fe3O4 MNPs were
purchased from Bayotime Biotecnology (Shanghai, China). LB agar
medium was bought from Qingdao Hope Bio-Technology (Shandong,
China). LB broth medium was purchased from Solarbio Science &
Technology (Beijing, China). The S. aureus-Aptamer sequence was
synthesized, modified and purified by Sangon Biotech (Shandong,
China) with sequence of 5′-Cy5-GCA ATG GTA CGG TAC TTC CTC GGC
ACG TTC TCA GTA GCG CTC GCT GGT CAT CCC ACA GCT ACG TCA
AAA GTG CAC GCT ACT TTG CTAA- Biotin-3′ [26]. The ultra-pure water
(18.25 MΩ cm) used in this study was prepared by a WoTePu water
purifier (Sichuan, China) and all the reagents were used directly with no
purification. The pipette tips and EP tubes used in the experiment were
sterilized by high temperature autoclaving process.

2.2. Instruments

The UV–Vis absorption spectra were measured by MD SpectraMax
i3X (Molecular Devices, USA). The Raman measurement were gained by
Renishaw inVia Qontor Raman microscope (Renishaw, UK). The laser
scanning confocal images were obtained by FV3000 confocal micro-
scope (Olympus, Japan). The dynamic light scattering (DLS) data were
collected from the SZ-100Z2 nanoparticle size analyzer (Horiba, Japan).
The transmission electron microscope (TEM) images were recorded
through the HT7800 instrument (Hitachi, Japan).

2.3. Bacterial culture and plate counting

The experimental strains were purchased from Guangdong Microbial
Species Collection Center, including Staphylococcus aureus (ATCC
25923), Escherichia coli (ATCC 25922), and Pseudomonas aeruginosa
(ATCC 27853). After bacterial resuscitation, the single colony was
inoculated for growth in LB broth medium at a speed of 220 rpm for 10
h. Then the bacteria suspensions were transferred to LB agar plate at
dilution of 106, 107, 108. The final concentration of bacteria was
determined by counting the colonies and the corresponding OD600
values.

2.4. Synthesis of Au NPs

According to the seed growth method, uniform Au NPs with diameter
of 40 nm were synthesized [27,28]. The 2.2 mM sodium citrate solution
was prepared in a three-necked flask and heated to boiling with strong
stirring. Then, 0.5 mL of 25 mM chloroauric acid was immediately
added, and kept the boiling for 15 min. It was observed that the solution
changed from colorless to light yellow and then changed to light
strawberry red. Later the above solution was cooled to 90 ◦C, 0.5 mL
sodium citrate solution (60 mM) and 0.5 mL chloroauric acid solution
(25 mM) were added sequentially, with a time interval of 2 min for 12
cycles totally. Afterwards, the temperature was maintained at 90 ◦C for
30 min, and finally cooled to room temperature.

2.5. Synthesis of gold nanoparticle-vancomycin (Van-Au) SERS probe

1.25 μL, 10− 4 M of MGITC was added to the above synthesized Au
NPs (1 mL), and stirred for 30 min. Vancomycin (Van) solution (4 mg/
mL) was prepared, and HS-PEG2000-NHS was mixed with excess van-
comycin solution (1:10 of molar mass) at 4 ◦C overnight in PBS (0.01 M,
pH 8.0). Then the post-reaction solution of HS-PEG2000-NHS and van-
comycin was added to the Au NPs@MGITC (Au-M NPs), shaking at 4 ◦C
overnight. The centrifugation step (6000 rpm, 10 min) was processed for
three times to remove free vancomycin. The final product was resus-
pended in PBS and stored at 4 ◦C.
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2.6. Synthesis of Fe3O4-aptamer capture probes (Fe3O4-Apt MNPs)

The aptamer was prepared to 1 μM by adding Tris-EDTA buffer (10
mM Tris-HCl, 1 mM EDTA, pH 8.0) and stored at − 20 ◦C. 40 μL of Fe3O4
magnetic nanoparticles were washed twice in 0.5 mL ultra-pure water
and resuspended in binding and washing buffer (10 mM Tris-HCl, 1 mM
EDTA, 2 M NaCl, pH 7.5). Then 0.6 μL of aptamer solution was added
and incubated for 45 min. Next, the excess unbound aptamer was
removed and resuspended with binding buffer (0.01 M PBS, 5 mM
MgCl2, 1 mM CaCl2, pH 7.4). Finally, the Fe3O4-Apt MNPs capture probe
was obtained and stored at 4 ◦C.

2.7. Binding performance of the aptamer to bacteria

10 μL of bacterial suspension (107 CFU/mL) was added to 30 μL of
aptamer (S. aureus-Aptamer, 100 nM), mixed and shook at 300 rpm for
45 min. Then it was centrifuged twice at 3500 rpm for 5 min and
resuspended in PBS. The sample was dropped onto a glass slide to be
observed under a confocal fluorescence microscope (Ex: 640 nm, Em:
650–750 nm).

2.8. Optimization of incubation time between Fe3O4-Apt MNPs and
bacteria

Fe3O4-Apt MNPs were incubated with S. aureus for 15, 30, 45, and 60
min, respectively, and the mixture were separated by a magnetic sepa-
rator. The supernatant and bacterial complex after separation was
diluted and transferred to LB plates. The number of colonies formed was
counted after 24 h of incubation at 37 ◦C. The capture rate was calcu-
lated as follows:

Capture Rate=
Cbacterial complex

Csupernatant + Cbacterial complex
× 100%

2.9. Detecting S. aureus with the SERS nanoplatform

10 μL of S. aureus bacterial solution with concentrations of 107, 106,
105, 104, 103, 102, 10, and 0 CFU/mL was added to 30 μL Fe3O4-Apt
MNPs. The mixture was mixed for 45 min, then separated with a mag-
netic separator and washed to remove non-specifically adsorbed bacte-
ria. 10 μL of SERS probe was added to the above resuspension to fully
bind with the S. aureus in a constant temperature oscillator at 37 ◦C.

After 20 min of treatment, magnetic separation was applied. The su-
pernatants were sampled by melting point capillary for Raman signal
detection. Instrument parameters: 20 × objective, 633 nm laser, 50 %
power, exposure time: 1s, cumulative times: 1.

3. Result and discussion

3.1. Principle of SERS-based platform for detection of S. aureus

The aptamer was immobilized on Fe3O4 magnetic nanoparticles
through biotin-streptavidin system, which was stable and efficient. The
bacteria could be captured by the binding between aptamers and spe-
cific antigens on the surface of S. aureus. Vancomycin could strongly and
specially bind the D-Ala-D-Ala moieties in the cell wall of Gram-positive
bacteria (such as S. aureus), thereby achieving recognition of target
bacteria. The vancomycin was modified on the surface of Au NPs as
SERS probes through its high affinity for bacterial cell wall precursors.
As shown in Fig. 1, the SERS-based nanoplatform for bacterial detection
was composed of two components. One component was the Fe3O4-Apt
MNPs, serving to identify and isolate S. aureus in the system, and the
other was Van-Au NPs used as SERS probes, which played the recogni-
tion role through vancomycin. When the capture probe recognized
S. aureus, it formed a sandwich structure with the later added recogni-
tion probe. The more S. aureus were captured, the more SERS probes
were enriched, and then the SERS signals in the supernatant were
reduced, which could be detected to determine the concentration of
bacteria.

3.2. Preparation and characterization of Fe3O4-Apt MNPs and SERS
probes

Fe3O4-Apt MNPs were used for the capture based on the specific
aptamer and separation of S. aureus. In this work, dual-labeled aptamers
with Cy5 and biotin were immobilized on the surface of magnetic beads
through the specific binding reaction of biotin and streptavidin as
illustrated in Fig. 2A.

The SERS probes were constructed according to the preparation
flowchart as shown in Fig. 2B. The MGITC with powerful SERS signals
absorbed on the Au NPs to form Au-M NPs. Subsequently, the free amino
group in vancomycin and the active ester of NHS formed a stable amide
bond through amide condensation reaction [29]. HS-PEG-NHS not only

Fig. 1. Schematic illustration of detect S. aureus via SERS-based nanoplatform. (A) Preparation of SERS detection probes. (B) Synthesis of magnetic separation
platform. (C) The clinical application of SERS-based nanoplatform.
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provided the protection of the polyethylene glycol layer for the nano-
particles, but also supplied convenience for the attachment of vanco-
mycin [30]. Dynamic light scattering tests showed that the
hydrodynamic particle size of Au nanoparticles was 51.5 nm, while the

size increased to 55.6 nm after the connection of PEG-Van (Fig. 2C). As
depicted in the Zeta potential diagram (Fig. S1), the addition of van-
comycin changed the potential towards positive charge, which is
consistent with the theoretical basis [31]. The final potential of SERS

Fig. 2. Preparation and general characterization of Fe3O4-Apt MNPs and SERS probes. (A) Schematic diagram of the synthesis of Fe3O4-Apt MNPs. (B) Preparation
procedure of SERS probes. (C) DLS size of Au NPs, Au-M NPs, and Van-Au NPs. (D) UV–vis absorption spectra of Au NPs, Au-M-PEG-NHS NPs, and Van-Au NPs. (E)
Raman spectra of Au-M NPs and Van-Au NPs. (F) The cumulative Raman spectra changes within 14 days. (G) Stability test of SERS probes, the Raman signals was
examined on day 1, day 7 and day 14 (n = 100). (H) and (I) TEM image of Au NPs and Van-Au NPs, respectively, scale bar: 50 nm.
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probe was about − 49.1 mV, and the absolute value was more than 30,
indicating the good stability of Van-Au NPs. As illustrated in Fig. 2D, the
changes of maximum absorption peak moved from 529 nm to 533 nm,
supporting the successful connection of HS-PEG-NHS and vancomycin.

After the modification of vancomycin, the characteristic peak of MGITC
remained unchanged and the signal intensity did not significantly
decrease (Fig. 2E), which was suggested that the Raman signal could still
exist stably after the combination of HS-PEG-Van. In order to further

Fig. 3. Recognition of SERS probes to S. aureus. TEM images of SERS probes and Au NPs after interaction with S. aureus, respectively, scale bar: 1 μm. Representative
SERS mapping images at 1613 cm− 1 of the SERS probe and Au NPs with S. aureus, scale bar: 5 μm.

Fig. 4. Capture performance of Fe3O4-Apt MNPs for S. aureus. (A) Representative bacterial colony formation photographs of Fe3O4-Apt MNPs capturing S. aureus at
15 min, 30 min, 45 min, and 60 min. Images of bacterial colony formation captured by Fe3O4 MNPs at 45 min are shown on the right. (B) Capture rates of S. aureus
corresponding to (A). (C) Random microscopic images of S. aureus captured by Fe3O4-Apt MNPs, scale bar: 5 μm. (D) OD600 results for total bacterial suspension and
supernatant. Experiments were repeated three times and presented as mean ± standard deviation (SD).
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confirm the signal stability, the Raman signals of SERS probes stored at
4 ◦C were tested on the 1st, 7th and 14th day, respectively. The 100
points were randomly selected each time for signal detection by surface
scanning mode. The signal contour map of the 100 signal points each
time was shown in Fig. 2F. A plot comparison of Raman signal values at
1613 cm− 1 showed that the Raman signal decreased by about 11 % from
1st day to 14th day, indicating the reliable stability of SERS probes
(Fig. 2G). In addition, Fig. 2H and I exhibited TEM image of Au NPs and
SERS probes, from which diameters of the probes were estimated to be
40 nm.

3.3. Recognition of SERS probes to bacteria

To further verify the recognition of SERS probes to S. aureus, the
SERS probes and Au NPs were fully mixed with S. aureus for 20 min,
fixed with 2.5 % glutaraldehyde, and observed under the TEM. As
indicated in Fig. 3, SERS probes were able to target the S. aureus, while
only a few Au NPs without vancomycin conjugation were adhered to the
bacterial surface. In addition, SERS imaging was used to further examine
the targeting performance of the SERS probes with bacteria. The SERS
images exhibited the strong SERS signal on the surface of S. aureus after
incubation with SERS probes. On the contrast, the SERS signals were
very low in the Au NPs group. The SERS signal clearly depicted the
external outline of the bacteria, indicating excellent recognition ability,
which was a crucial step for subsequent detection system.

3.4. Capture efficiency of Fe3O4-Apt MNPs to bacteria

The facile construction of the capture substrates was accomplished
by immobilizing the S. aureus-aptamer to the surface of Fe3O4 magnetic

nanoparticles through the ultrahigh binding capability between biotin
and streptavidin. Firstly, the targeting performance of the selected
aptamer with S. aureus was verified. Cy5 was modified at the 5 ′ end of
the aptamer, and the successful match between the aptamer and
S. aureuswas determined by the strong fluorescence signal of Cy5 on the
S. aureus, as exhibited in Fig. S2. However, there was no obvious fluo-
rescence on the surface of E. coli, indicating that the aptamer could
specifically bind with S. aureus.

As a quite rapid and stable biological reaction system, biotin-avidin
binding exhibits high binding affinity and multi-stage amplification ef-
fect, which are beneficial to ultrahigh sensitive analysis [32]. The
S. aureus aptamer with biotin at the 3′ end could be rapidly immobilized
to the surface of Fe3O4 MNPs modified with streptavidin as shown in
Fig. S3, providing favorable conditions for Fe3O4-Apt MNPs to effi-
ciently capture S. aureus.

To further explore the capture performance of the Fe3O4-Apt MNPs
for S. aureus, a comparison of the capture efficiency at different incu-
bating time was set up. The bacterial colony formation assay was per-
formed, and the colonies were counted to calculate the capture rate
(Fig. 4A). The capture rates were 63.9 %, 69.1 %, 76.1 % and 72.2 %
with capture time of 15, 30, 45 and 60 min, respectively. Therefore, 45
min was selected as the optimal binding time of Fe3O4-Apt MNPs to
S. aureus as illustrated in Fig. 4B. The randomly selected microscopic
images of bacterial complex after gram staining showed that purple
S. aureuswere surrounded by Fe3O4-Apt MNPs, which further proved the
recognition of Fe3O4-Apt MNPs to bacteria. In addition, when Fe3O4
MNPs were incubated alone with S. aureus, only 8.1 % of the bacteria
were present in the bacterial complex. Besides, OD600 was used to detect
the absorbance of the total bacterial solution and supernatant, and the
capture rate was determined to be 74.4 %, in accordance with the results

Fig. 5. Detection of S. aureus by SERS nanoplatform. (A) The supernatant photograph after incubation. The bacterial concentrations from left to right were 107, 106,
105, 104, 103, 102, 101, 0 CFU/mL (B) UV–visible absorption spectra of the supernatant after magnetic separation in A. (C) Raman spectra of the supernatant after
magnetic separation in A, with characteristic peak position of 1613 cm− 1 marked in blue. (D) Fitting curve of Raman signal intensity at 1613 cm− 1 after treatment
with different concentrations of S. aureus.
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of colony forming test.

3.5. SERS detection of S. aureus

Fe3O4-Apt MNPs and SERS probes were combined to form an
aptamer-based SERS platform for detecting concentrations of S. aureus
(Fig. 5). Eventually, the supernatant of standard concentrations of
S. aureus samples (107, 106, 105, 104, 103, 102, 101, 0 CFU/mL) was
separated by magnetic separator and sampled for SERS signal detection.
Fig. 5A exhibited the supernatant photograph after incubation, which
demonstrated that with the increase of bacterial concentration, the pink
color of the SERS probes in the supernatant gradually faded. The UV–vis
results also supported the above phenomenon (Fig. 5B). The Raman
intensity of MGITC at 1613 cm− 1 was monitored to quantify S. aureus
concentration as shown in Fig. 5C. The concentration of S. aureus varied
from 0 to 107 CFU/mL. Conversely, as the concentration of S. aureus
increased, more S. aureus could be formed bacterial complex with Fe3O4-
Apt MNPs, resulting in more SERS probes were attached to the surface of
magnetic beads. Thus, the Raman signal intensity of the supernatant was
correspondingly decreased with increasing S. aureus concentration. On
the basis of the Raman intensity at 1613 cm− 1, the fitting curve for the
quantitative analysis of S. aureus was constructed, which was

determined from the sigmoid function in Fig. 5D. The error bars indi-
cated the standard deviation of three measurements. The limit of
detection (LOD) for the SERS based method, estimated as three standard
deviations from the background, was 3.27 CFU/mL.

Subsequently, the selectivity of SERS nanoplatform for S. aureus was
analyzed with the other interfering bacteria. Blank, E. coli (107 CFU/
mL), P. aeruginosa (107 CFU/mL), S. pyogenes (107 CFU/mL), B. subtilis
(107 CFU/mL), S. aureus (105 CFU/mL) and mixed bacterial samples
(suspension of three bacteria) were used as samples for SERS detection.
The results in Fig. S4 showed that Fe3O4-Apt MNPs could hardly capture
high concentration of E. coli and P. aeruginosa, and the final SERS signal
intensity was similar to that of the blank group. However, in the low
concentration sample of S. aureus, the intensity of SERS signal signifi-
cantly reduced, due to the capture of S. aureus by Fe3O4-Apt MNPs.
Simultaneously, the presence of S. aureus could also be detected in
mixed samples, indicating that this nanoplatform was specific for the
detection of S. aureus, which also meant that the detection strategy could
be used for mixed bacterial samples.

3.6. Recovery test

S. aureus samples (2× 106, 2× 105, 2× 104 CFU/mL) were prepared
with PBS, and SERS signals were measured under the above conditions.
The recovery rates of PBS samples were 92.1 %, 94.6 % and 92.8 %,
respectively (Table 1 and Fig. 6A), which proved the feasibility of the
SERS nanoplatform to detect bacterial samples. In order to evaluate the
feasibility of the SERS platform in body fluid, the recovery rate of urine
samples was tested. Fresh urine was filtered in 0.22 μm, and S. aureus
was added to achieve the final concentration of 2 × 106, 2 × 105, and 2
× 104 CFU/mL. The recovery rates were 99.4 %, 97.6 %, and 92.4 %,
respectively, as shown in Table 2 and Fig. 6B, which demonstrated the

Table 1
Recovery experiment of S. aureus in PBS (n = 3).

Sample
NO

Concentration of S. aureu
(CFU/mL)

Recovery rate
(%)

Standard
deviation (%)

1 2 × 106 92.1 % 8.1 %
2 2 × 105 94.6 % 4.2 %
3 2 × 104 92.8 % 6.9 %

Fig. 6. Spiked recovery test of S. aureus by SERS nanoplatform (A) Spiked recovery data of S. aureus in PBS. (B) Spiked recovery of S. aureus in urine. (C) SERS
Mapping of I1613 for S. aureus detection in urine, scale bar: 5 μm, n = 100.

S. Lin et al.



Talanta 280 (2024) 126691

8

accuracy of using this SERS detection method for bacterial detection
under urinemilieu. To further check the accuracy of recovery tests, SERS
mapping was used for imaging analysis of bacteria samples in urine. The
step path was 3 μm, and 10 × 10 points were taken for SERS imaging. It
was displayed that with the increasing bacterial concentration, the SERS
signal intensity gradually decreased, which proved the trend between
the SERS detection results and the concentration.

4. Conclusion

In summary, we developed a highly sensitive and dual-recognition
SERS platform for detection of S. aureus. The formed SERS probes
exhibited uniform size and stable SERS signal. The Fe3O4-Apt MNPs
using as the substrate could achieve excellent capture efficiency on
S. aureus. The SERS signal of the supernatant showed a negative rela-
tionship between the bacterial concentration and SERS signal intensity
with the limit of detection of 3.27 CFU/mL. Urine bacterial samples
could also be detected and quantified in this platform with satisfactory
recovery. This SERS nanoplatform based on aptamers has the advan-
tages of simple processing, low dosage and high detection sensitivity,
which is expected to be a promising method for rapid and sensitive
detection of bacteria.
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