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Fig. 1

(a)—(d) High-magnification TEM images of Au@ AgNPs with Ag shell thicknesses of 1, 3, 5, 7 nm respectively

[18] ,
3

() TEM images of Au@ AgNR"'; (f) SEM of B-g-PAMDAC""!
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Fig. 2 Schematic diagram of bacterial aptamer-AgNPs

formation in situ**
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Sandwich structure

Bacterial sample matrix ~ Specific capture of bacteria
B3 (a)f&EE(Con A)IREUAIFERE MM KA (Ag@
MNPs) 5B S, MAENFETAERERPSE
HE; (b)HuflFn SERS#RERM; (c) 4 3 4> AgNP &
EYEIMHAFEKREEM Con A(EEFTE=MAH)
—RMmAN, FIA 532 nm FRHFTHMCY; () BEER
EHRHNEERER(EFEAET. DAREMETHY)
—RBIEFR; (e)FeONPs QHEEESMEHERERY
HaE; (ND4REXWHREBHN Au@ AgGO 5§
Fe;O,NPs @ AE € &Y — L7 UF R X B &0
Fig.3 (a) Agglutinin (Con A) functionalized silver-plated
magnetic nanoparticles (Ag @ MNPs) are combined
with bacteria, and the bacteria are separated from the
sample matrix in the presence of a magnet; (b) Anti-
body and SERS tag addition; (c¢) 3 AgNP conjugates
are added together with 3 bacterial pathogens and Con
A (combined with all three bacteria) . and analyzed by
532 nm laser'®’; (d) AMP modified and The sample
matrix (including bacteria, blood cells or other inter-
fering substances) are cultured together; (e) Fe; O,NPs
@ bacterial complex is magnetically separated from the
sample matrix; (f) 4-MPBA modified Au@ Ag-GO is
cultured with Fe; O, NPs@ bacterial complex to form a

sandwich structure-**
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Fig. 4 (a) Schematic diagram of the microfluidic system and device"’

tion showing the microfluidic channel and the active square at the center'?*]

trodes with polynomial boundaries and the graphs of electric potential field distribution and electrophoretic force

Schematic diagram of DEP-SERS device™?”
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(a) SEM image of S. aureus mixed with AgNPs™ (left) ,
AgNPs™ (right); (b) SERS spectra of S. aureus using
AgNPs™ or AgNPs*32]
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Research Progress of Pathogenic Bacteria and Their Drug Resistance
Detection Based on Surface Enhanced Raman Technology

FU Qiu-yue', FANG Xiang-lin', ZHAO Yi*, QIU Xun', WANG Peng', LI Shao-xin'"
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Abstract With antimicrobial drugs widely used in the clinic, the drug resistance of pathogenic bacteria is becoming more and
more serious. Rapid, highly sensitive, and accurate detection of bacteria and their drug susceptibility is the key to alleviating
bacterial resistance. Surface-Enhanced Raman Scattering (SERS). can be used to obtain molecular fingerprint information
directly and has become an effective detection technology for bacteria and their drug resistance. The molecular composition and
structure of different species of bacteria are different, and the characteristic Raman signal of bacteria will also change before and
after antibiotic treatment, which provides the basis for the application of SERS for the detection of pathogenic bacteria and their
drug resistance. Based on the differences in molecular composition and structure, combined with traditional multi-class data
analysis and machine learning algorithms, SERS can provide objective diagnostic information. In this review, the research
progress of SERS for the detection of pathogenic bacteria and their drug resistance in recent years is reviewed, and the current
problems existing in the application of SERS in the detection of pathogenic bacteria are also described. Firstly, the materials and
structures of SERS substrates commonly used to detect pathogenic bacteria and their drug resistance were discussed, including
gold nanoparticles, silver nanoparticles, silver-coated gold nanoparticles and composite SERS substrates formed by the
combination of new nanomaterials and nanoparticles. Then, the methods of capturing bacteria in SERS detection were
summarized , mainly based on nucleic acid aptamers, immunomagnetic separation, microfluidic systems and electrostatic binding.
The principles and methods of the above methods were described, and the research progress of the above methods was
summarized. Finally, various data analysis methods of SERS spectra of pathogenic bacteria were summarized. Through spectral
preprocessing, feature extraction, classification and recognition, and the establishment of a diagnosis model of pathogenic
bacteria, the detection of pathogenic bacteria and their drug resistance was realized. The traditional data analysis methods and
machine learning methods were compared, and the advantages and applications of deep learning algorithms in the SERS detection
of pathogenic bacteria and their drug resistance were introduced. In this paper, the key issues in the application of SERS in the
detection of pathogenic bacteria and their drug resistance were also discussed, and the detection methods of pathogenic bacteria
and their drug resistance based on SERS prospected, to promote the application of surface-enhanced Raman spectroscopy in

clinical detection.
Keywords Surface enhanced Raman spectroscopy; Pathogenic bacteria; Drug resistance
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