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Abstract: Surface-enhanced Raman spectroscopy (SERS) technology has been widely used in viral molecular
detection due to its high sensitivity, simple operation and rapid detection. The research of virus detection by Raman
technology at home and abroad mainly focuses on the detection of the SERS spectrum of viral nucleic acids and
various bases that make up the nucleic acids, and detection of viral proteins is rare. In this paper, the S protein of the
new coronavirus (SARS-CoV-2) is used as the detection object, and with the label-free SERS detection method, the
ordinary Raman spectra of solid and saturated liquid S protein of the SARS-CoV-2 and the SERS spectra of the low-
concentration S protein of SARS-CoV-2 on the substrate of gold nanoparticles with a size of 40 nm are compared. The
results show that it is completely feasible to use SERS technology to detect the S protein of SARS-CoV-2 on the
substrate of 40 nm gold nanoparticles. The carboxyl groups in the S protein molecule of SARS-CoV-2 and gold
nanoparticles are molecularly enhanced, and the amino groups and gold nanoparticles are electromagnetically
enhanced, so that the Raman effect of the S protein of the SARS-CoV-2 is enhanced and the peak position is moved to
a certain extent. The experiments obtained relatively good SERS spectra of the low-concentration S protein of SARS-

CoV-2, which provides a method for the establishment of a sensitive, specific and rapid detection technology for the S
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protein of the SARS-CoV-2.
Key words: surface-enhanced Raman spectroscopy technology; severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2); gold nanoparticles; protein; interaction
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Fig. 1 Raman spectrum of the S protein of
SARS-CoV-2 in solid state
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Fig.2 Raman spectrum of the S protein of
SARS-CoV-2 in saturated liquid state

8 2 SARS-CoV-2 i S & H A 2Ok
JEE B U A7 AR X 7, 17T OIS S 5 JRE AR 1 iR s A5 5 FE AR RS TR sk A B

2.3 SARS-CoV-2 [RiR[E S EBEE M KM FH Y SERS K 3 H K M t& 5
SERS ALl 43 Ay Ho 0 38 5 A1 43 F- 449558 . AREIN IR E W A AR BE RSN &R B T, BB 48 Rm i

low concentration S protein
S—S stretching vibration

»~

COO" rocking vibratio{

intensity (counts)

solid S protein

NH; rocking vibration!
liquid S protein
/\V‘WM“W&

CH, symmetrical deformatioft

CC syminetrical expansion | C-N rocking vibration

/ tryptophan

COO" symmetrical deformation

400 600 800

1000 1200 1400

Raman shift/cm™!

Fig. 3 Conventional Raman spectrum and SERS
spectra of the S protein of SARS-CoV-2
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Table 1 Raman peaks (cm™) and their assignment of the S protein of SARS-CoV-2!""4

peak of pure solid peak of SARS-CoV-2 in SERS of assignment of
SARS-CoV-2/cm’ saturated liquid state/cm’ SARS-CoV-2/cm’ the bands
537.7 524.7 523.3 S—S stretching vibration
679.1 / 742.6 COO' rocking vibration
851.6 850.7 836.2 NH, rocking vibration
9153 917.1 927.6 C—C symmetrical expansion
1111.1 1111.4 1126.3 C—N rocking vibration
1250.9 / 1211.5 CH, symmetrical deformation
1326.4 1257.2 1263.5 COO™ symmetrical stretching vibration
1362.7 1343.6 1357.3 tryptophan

COO RSN I 1, I H COO XS iR sl & A= 14, M 1326.4 cm™ #2h%] 7 1263.5cm™, 679.1 cm™!
i) COOHE1EYR SN IE R 5h %) T 742.6 cm ™, 3X Ui ] SARS-CoV-2 1 S 75 H P s 1 B, COO 3L [ 5 4 9 Kk 12 1 -1
B 1 A A TR AR 71 5 7™ A S A WU, i SERS A 5 145, I 2h 55 H B A E Y C—C ik A R 3 th R 5 1 i
A DL COO ™k P 75 4 40 KL 3R 1 A9 38 58 8 T Fi fnr 5 R R LT, T2 B o0 4 Ja i, EL AT S R 1) 40 38 5 A KRR
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AT HLRERG 58, DTS SARS-CoV-2 {IRVR I S 28 [ 2 AN 15 8] T 35, I A3 W07 Kk A= — e R 8l K18 T34
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