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Screening of anti-SARS-CoV-2 ligands from Chinese herbs based on
a dual-target surface plasmon resonance biosensor
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Abstract: The epidemic of COVID-19 has brought great challenges to the global public health prevention and
control system combined with clinical diagnosis and treatment system, and it makes the development of effective
antiviral drugs an important task in current pharmaceutical research. Traditional Chinese medicine (TCM) has
played an important role in the prevention and control of COVID-19. Due to its numerous chemical components
and various structural types, TCM becomes a natural library for searching for lead compounds against SARS-CoV-
2. In this study, a novel dual-target surface plasmon resonance (SPR) biosensor was developed for S protein
receptor binding domain (SRBD) and angiotensin converting enzyme 2 (ACE2) which are two key proteins in the
process of SARS-CoV-2 invading cells according to characteristics of synergistic effects of multiple components
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and comprehensive regulation of multiple targets of TCM. The SPR biosensor was applied to screen and identify

active components from six TCMs, and daidzin from Puerariaec Lobatae Radix was identified to bind with SRBD
and ACE2. The affinity constant (K;) of daidzin and ACE2 was 5.18 pumol-L" through the SPR affinity assay.
Competitive ELISA assay showed that daidzin could inhibit the binding of SRBD and ACE2, and the inhibition
rate of daidzin (20 umol-L™") was 38.6%. Molecular docking experiments further confirmed that daidzin had the

best binding near the binding region of SRBD-ACE2 complex. This study shows that the dual-target SPR screening

system is accurate and efficient, and is particularly suitable for screening of complex drug systems and effective

substances study of TCM. It provides a material basis for exploring the mechanism of TCM active constituents

against SARS-CoV-2, and provides a source of lead compounds for the development of anti-SARS-CoV-2 drugs.

Key words: SARS-CoV-2; traditional Chinese medicine; active ingredient; screening; surface plasmon
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Figure 1  Specificity and activity of dual-target surface plasmon

resonance (SPR) sensor. A: Negative controls for S protein
receptor binding domain (SRBD); B: Positive controls for SRBD;
C: Negative controls for angiotensin converting enzyme 2 (ACE2);
D: Positive controls for ACE2
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Figure 2 Pre-screening of 6 Chinese herbs using dual-target SPR
sensor. A: Response on SRBD; B: Response on ACE2. PLR:
Puerariaec Lobatae Radix; GRR: Glycyrrhizae Radix et Rhizoma;
FF: Forsythiae Fructus; BR: Bupleuri Radix; PR: Platycodonis

Radi; LJF: Lonicerae Japonicae Flos
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Table 1 Identification of 3 compounds using UPLC-QTOF-MS
Extracting solution Recovered solution
N Formula Retenti Retenti Identificati s
. etention . etention . ntification r
© (theoretical mass number) . . MS (error in ppm) . . MS (error in ppm) entificatio ouree
time/min time/min
1 C,H,0,(355.154 0 [M+H]") 10.903 355.154 0 [M+H]'(-5.2) 11.15  355.152 6 [M+H]  (~6.88) Licochalcone D Glycyrrhizae Radix et
Rhizoma
2 C,H,0,(257.080 8 [M+H]") 5.953  257.080 0 [M+H] (3.2) 6.014  257.079 5 [M+H] (0.84) Isoliquiritigenin Bupleuri Radix
3 C,H 0O, (418.1194 [M+H]") 5.445  418.119 5 [M+H]" (7.11) 5.571 417.113 4 [M+H] (5.72) Daidzin Puerariae Lobatae Radix
A B Cc OH
0.
oh
P
OH
e H H HO™ Y~ "OH H
G, HyO5 CysH 1,04 Cy1Hy00
354.40 256.25 OH 416.38
Figure 3 Structures of identified components. A: Licochalcone D; B: Isoliquiritigenin; C: Daidzin
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Identification and validation of daidzin. A: Total ion chromatogram of Pueraria montana extract; B: Extracted ion chromatogram

of daidzin in pueraria montana extract sample; C: Extracted ion chromatogram of daidzin in pueraria montana recovery sample; D: Total ion

chromatogram of daidzin standard
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Figure 5 Binding affinity between daidzin and SRBD (A) or ACE2
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Figure 6 Inhibition rate of daidzin on SRBD-ACE2 binding.
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Figure 7 Action modes of daidzin with SRBD-ACE2 complex. A: 2D non-bonded interaction; B: 3D simulated docking
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