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[ Abstract] This study aims to investigate the effects of glycyrrhizic acid and calcium ions from adjuvant solutions on the toxic lectin
in Pinelliae Rhizoma Praeparatum and clarify the processing detoxification mechanism. Molecular docking and molecular dynamics
simulations were employed to construct a 3D model of lectin and evaluate the interactions of glycyrrhizic acid and/or calcium ions with
lectin. Wild-type and mutant lectin proteins were produced via a prokaryotic expression system in Escherichia coli. The interactions of
glycyrrhizic acid and/or calcium ions with the lectin proteins were verified by Bio-Layer Interferometry (BLI) , and the irritant toxicity
was assessed via a rabbit model of conjunctival irritation. The findings revealed that the ternary complex formed by glycyrrhizic acid,
calcium ions, and lectin exhibited greater stability. This complex showed significantly reduced root mean square deviation (RMSD) ,
root mean square fluctuation ( RMSF), solvent-accessible surface area ( SASA), radius of gyration ( Rg), Gibbs free energy of
solvation (AGSOLYV) , and total binding free energy (ATOTAL) , but significantly increased number of hydrogen bonds and gas-phase
free energy ( AGGAS). The combined action of glycyrrhizic acid and calcium ions led to a significant increase in the number of
interactions in the amino acid residue region 51-56, 170-175, and 232-237 of lectin, with enhanced Coulomb interaction-short range
(Coul-SR) and Lennard-Jones-short range (LJ-SR). When the wild-type lectin protein co-bound with glycyrrhizic acid and calcium
ions, the affinity constant was 8. 10x10™° mol+L™", which was significantly lower than that of the binary complex of wild-type lectin
with glycyrrhizic acid or calcium ions and the ternary complex of mutant lectin with glycyrrhizic acid and calcium ions. Additionally,
lectin soaked in a mixed solution of glycyrrhizic acid and calcium ions did not significantly exacerbate the irritation of the rabbit
conjunctiva when being combined with toxic needle crystals. In conclusion, glycyrrhizic acid and calcium ions demonstrate a synergistic

effect in forming a structurally stable and non-toxic supramolecular complex with lectin, thereby achieving the processing detoxification

of Pinelliae Rhizoma Praeparatum.
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Fig. 1 Three-dimensional structure model of lectin proteins
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Fig.2 RMSD changes of the interactions of glycyrrhizic acid, calcium ions, and lectin proteins
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Fig. 3 RMSF changes of the interactions of glycyrrhizic acid, calcium ions, and lectin proteins
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Fig.4 SASA changes of the interactions of glycyrrhizinic acid, calcium ions, and lectin proteins
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Fig.5 Rg changes of the interactions of glycyrrhizinic acid, calcium ions, and lectin proteins
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Fig. 6 Hydrogen bond changes of the interactions of glycyrrhizinic acid, calcium ions, and lectin proteins
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Fig. 7 Binding free energy changes of the interactions of glycyrrhizinic acid, calcium ions, and lectin proteins
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Fig. 8 Interactions of glycyrrhizinic acid, calcium ions, and lectin proteins
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Fig. 9 Interactions of glycyrrhizic acid, calcium ions,and lectin proteins in different regions of amino acid residues

3.4.3 MEAEHGESH oEEREASHE
R S - [ A AR HTRE, WLk 3, 1A L% 5
FTZHMENT , HERSEEREARNESGY
R Z PR ECHEAER (Coul-SR) ¥ R 7(E, B
RIS VR I S I E ITERS B 12 5 )5 & 1
SR AR EAE I (LI-SR) FEEEA T T2 5
AT HRR SEERBEAENE S WK R T
N UE R IIEER I E I AATE, BAES I ASS
T o R R e T RHE R B S H R
BCIR R B4 & . WA TEA T H RS 50 &0
TN TS SREREDERE SRR DR
Coul-SR #1  TfH, .7~ i 9 FU A H £ W 5 |, HLAETC
HHER AT E R E, R LI-SR 7E85 5 1 55
EREAILWRE G YR b B e E, RYIfETE
—EHFAER  (H MR AR RN A R AR P2
TGl EHRRAGE T SEEREENE S
YRR R ERE N S H RIS &
3G AE HI W R R S PEAEAR AR I D7 T, fig
HH = FH GBI E N E
3.5 ST

T RORR B A% B 1 5 B K A A B AR AT AR
H A5 (I o IR5E B-1T & % AR TS LI 4 i
) sZE UL 10, TGS A2 I A H 5 R L A48 2

K3 AR RE RS

Table 3 Interaction energy data in various systems  kJ-mol ™'
AHE AR POE S HRIR WET O HERASET
Vet HH®R  -150.96 - -157.05
BET - -604. 03 -401. 59
FA HER  -50.47 - -71. 11
T - 42.54 25.77
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Fig. 10  Effects of glycyrrhizinic acid and calcium ions on the secondary structure of lectin proteins
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Fig. 11 SDS-PAGE profile of recombinant lectin proteins of
Pinelliae Rhizoma Praeparatum
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4 BLUKINEF A= TUBELE R E 5 H M X pH> 12 853 T 1970 T3 12

Table 4 Molecular dynamics of wild-type lectin proteins with glycyrrhizic acid and calcium ions at pH>12 detected by BLI

YEFIZE 31 34/ wmol - 7! i 37 A Ky,/mol - L full x> full R
WP A AU R AR - TR R 0.63 -0.015 5 1.06x107° 2.448 2 0
1.25 -0.044 9
2.5 -0.003 2
5 0.041 8
10 -0. 000 8
20 0.004 2
ARG R -5 1 0.5 -0.192 6 1.20x107° 8 637.812 3 0.639 1
1 -0.202 1
2 -1.8150
4 5.4526
8 6.417 2
16 6.507 0
WP A RUBEAE R AR - H R -5 B 1 0.5 0.100 3 8.10x107° 2974.518 3 0.860 7
1 0.197 4
2 1.423 2
4 5.508 3
8 7.709 8
16 8.678 3

5 OBLIKINR A TS R E A5 H R X pH> 12 858 11970 T3 12

Table 5 Molecular dynamics of mutant lectin proteins with glycyrrhizic acid and calcium ions at pH>12 detected by BLI

[(BEES MY/ pmol - L M J37 L K, /mol - L full X* full R
RASTIEEE R B - H R 0.63 -0.005 1 1.19x10° 0.028 2 0
1.25 -0.002 8
2.5 -0.000 1
5 -0.001 0
10 -0.000 1
20 -0.000 9
KA ERER-HE T 0.5 0.010 4 1.04x1072 41.042 5 0.680 7
1 0.014 6
2 -0.177 0
4 -0.091 4
8 0.156 0
16 0.669 8
RARIEEE R B - H HR-E5 8 1 0.5 0.003 2 3.25x107° 75.248 9 0.653 5
1 0.004 3
2 -0.096 1
4 -0.095 5
8 0.062 0
16 1.005 8
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B, S5 H R R A8 B IR G VA ORI B Bt
LXZEIE R 82 & Y00 0 2 R, 2R
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il sEEH
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Table 6  Conjunctival irritation scores in rabbits(x+s,n=6)
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BEEF A 0. 41+0. 23"
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BEERE A+ T 0.62+0.17
HRREA+H R+ 5 1 0.58+0. 11
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BN+ LS P<0. 05,

13.93+0. 26>%
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