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Abstract Surface-enhanced Raman scattering (SERS) is a type of molecular vibration spectroscopy with numerous
applications in materials, biomedicine, and the military due to its high sensitivity, good selectivity, and
nondestructive nature. At present, the main strategy for SERS detection is using the intensity change of
characteristic peaks of Raman reporters. The characteristic peaks of the Raman reporters would shift, resulting from
the influence of various factors. SERS applications involving the shifting of Raman characteristic peaks have
gradually gained popularity due to their higher stability and more reliable reproducibility when compared to intensity
changes. In this review, we summarized the mechanism of Raman characteristic peak shifting and discussed recent
advances in SERS detection based on Raman characteristic peak shifting in cancer and disease diagnosis,
environmental monitoring, and food safety detection. These examples will provide new strategies and ideas for the
development of high-stability SERS methods.
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Fig. 1 Mechanism of shifting of Raman characteristic peaks.
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Table 1 Advances on SERS based on the shifting of Raman characteristic peaks

Category Target Raman reporter ~ Mechanism Content range Limit of detection ~ Reference
Influenza-H1
4-ATP MD 2.2 nmol/L [12]
(H1) antigen
H1 4-ATP MD 10 pmol/L [29]
c-Jun Thiophenol MD 1X10 -5X10 *mol/L 5 nmol/L [17]
Protein carbonylation 4-MBA CT 0. 18-9 nmol/mL [30]
Protein P53-protein 6-mercaptopurine MD 2.5 nmol/L [12]
AFP 4-MBA MD 0. 5-1000 ng/mL 0.5ng/mL [13]
AFP 4-MBA MD 107"*-10"°* mol/L 10" mol/L [31]
AFP DSNB MD 107"-10"" mol/L [16]
GPC3 4-MBA MD 107"-107" mol/L [16]
PSA Graphene MD 0.05-25 ng/mL 0.01 ng/mL [32]
miR-223 DSNB MD 1077107 mol/L 107" mol/L [31]
Nucleic .
acid miR-223 DSNB MD 10" mol/L [33]
miR-26a-5p 4-MBA MD 10" mol/L [33]
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gik
Category Target Raman reporter ~ Mechanism Content range Limit of detection ~ Reference
miR-27a-3p 6-thio-guanine MD 10 " mol/L [33]
ctDNA DSNB MD 107%-10"" mol/L 1.2X10 " mol/L [34]
Acetone 2,6-DMPI CT [35-36]
Butylamine 2,6-DMPI CT [37]
. [28, 35~
VOCs Ammonia 2,6-DMPI CT 361
cey, 2,6-DMPI CT [28, 36]
Farnesol 2,6-DMPI CT 76x10°° [28]
(+)-a-pinene 2,6-DMPI CT [28]
Mn®", Ni*', Fe*',
n— 2,6-DMPI CT 1 fmol/L [28]
He'* DASS MD 107°-10 " mol L™ 10 mol/L. [14]
Metal ions 0.1 pmol/L
_ (free states)
Fe®" 4-MBN CT [38]
0. 08 pmol/L
(protein-bound states)
Small Melamine TNB CT 10 mol/L [24]
molecules Glucose 4-MBA CT 107'-10 " mol ™! 10 " mol L™ [26]
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Fig. 2 Applications based on the shifting of Raman characteristic peaks. (a) Highly sensitive detection of liver cancer marker
AFP™. (b) detection of ctDNA®
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