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Based on weak bond chemistry, the interaction mechanism between
glycyrrhiza protein and berberine in water decocting process of
Rhizoma Coptidis and Liquorice was investigated
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Abstract: The purpose of this study was to explore the interaction mechanism between glycyrrhiza protein
and berberine in the decocting process of Rhizoma Coptidis and Liquorice and its effect on the pharmacodynamic
effect. In this experiment, licorice crude protein was obtained from licorice decoction pieces, and it was found that
licorice crude protein and berberine could form spherical supramolecular particles after decocting together.
Morphological characterization was carried out by using Malvin particle size analyzer and emission scanning
electron microscopy, and the supramolecular particles were observed to be nanoscale, which was significantly
different from the morphology of licorice protein and berberine. The results of ultraviolet, infrared and fluorescence
spectroscopy showed that the mechanism of molecular interaction was induced by weak bonds such as electrostatic
attraction and hydrophobic interaction. Furthermore, the antimicrobial activity of berberine was significantly affected
by the supramolecular particles of licorice protein-berberine, which were significantly different from the mechanical
mixture. This study reveals the pharmacological value of macromolecular substances such as proteins in the decoc-
tion of licorice and Coptis chinensis from a new perspective, which is helpful to promote the secondary develop-
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ment of clinical effective prescriptions, especially the research on the pharmacological substance basis of classic

famous prescriptions.

Key words: Glycyrrhiza uralensis; berberine; supermolecule; antibacterial effect; molecular thermodynamics;

classical prescription
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Figure 1  Macroscopic and microscopic morphology of monomer and combination. A: Scanning electron microscope (SEM) images of
berberine (BBR); B: SEM images of glycyrrhiza protein (GP NPs); C: SEM images of glycyrrhiza protein-berberine (GP-BBR NPs); D:
Tyndall effect images of GP-BBR NPs; E: Zeta potential of GP-BBR NPs; F: Size distribution of GP-BBR NPs with polydispersity index
(PDI, 0.285)
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Figure 2 Properties of ultraviolet spectrum. A: Ultraviolet and visible spectrophotometry (UV-vis) of GP; B: UV-vis of BBR, GP-BBR,
and GP
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Figure 3  Properties of infrared spectrum. A: Fourier-transform infrared spectroscopy (FT-IR) of GP; B: FT-IR of BBR; C: FT-IR of

GP-BBR
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Figure 4 Fluorescence quenching spectra of GP in the presence
of different concentrations of BBR. lex = 370 nm, T = 298 K.
BBR concentrations from 0 to 8 (1.0x10°, 2.0x10°, 3.0x10°, 4.0x
10, 5.0x10°, 6.0x10°, 7.0x10°, 8.0x10° mol-L™, respectively)

Tablel Stern-Volmer quenching constants for the interaction of GP
with BBR at different temperatures (T). K, Dynamic quenching
constant; Kg: Dynamic quenching rate constant

TIK K, %10° /L-mol* Kg x10" /L-mol™-s™ R

298 3.6 3.6 0.989
304 3.27 3.27 0.993
310 2.98 2.98 0.986
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Figure 5 Stern-Volmer plots for the fluorescence quenching

spectra of GP by BBR at different temperatures
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Figure 6 Logarithmic curve of fluorescence quenching of GP by

BBR

Table 2 Binding constants and binding sites of the interaction
between BBR and GP. Ka: Binding constant; n: Number of binding
sites

T/IK Kax10%L-mol™ n R

298 2.1 1.162 0.995

304 3.6 1.211 0.998

310 6.0 1.273 0.994
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Table 3 Relative thermodynamic parameters of the GP-BBR

TIK AG/KJ-mol™* AH/KJ-mol? AS/J-mol*-K*
298 -36.03 70.53 357.60
304 -38.18 70.53 357.60
310 -40.14 70.53 357.60
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Figure 7 Inhibition ratio of GP-BBR NPs, BBR, GP-BBR MECH
(mechanical mixing of GP and BBR), and GP. n = 3, x +s. ‘P <
0.05, "P < 0.01, ""P < 0.001 vs BBR group
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Figure 8 Photographs of agar plates were treated by all samples at 0.05 umol-mL™, respectively. A: GP-BBR NPs group; B: BBR group;

C: GP-BBR MECH group; D: Control group

Figure 9 FESEM images of bacterial morphology. A: Control group; B: BBR group; C: GP-BBR MECH group; D: GP-BBR NPs group
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