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Discovering a green pesticide candidate for
controlling bacterial plant disease: 1,2,3,4-
tetrahydro-pB-carboline as a potential biofilm
inhibitor

Puying Qi, @ *2® Hongwu Liu,” Yue Li,® Daiyu Tang,© Lei Shao,? Junjie Wang,?®
Qifei Zhu,® Taibai Jiang,? Lixia Li,® Shilong Jiang,? Fan Wu,? Yanhong Guo,® Yong Liu,?
Lihong Shi,*® Yin Wang*® and Jun Sun*®f

Xanthomonas oryzae pv. Oryzae, result in rice bacterial blight, is the most severe bacterial disease affecting
rice, and in certain regions, it is considered the most critical disease overall, with the potential to reduce
yields by as much as 50%. It is difficult to control rice bacterial blight and lacking of pesticides. 1,2,3,4-
Tetrahydro-f-carboline (THC) and their analogues show a diverse range of activities; however, research
specifically focusing on THC remains limited, particularly concerning its antibacterial properties. Given its
promising characteristics, THC holds potential for development as an environmentally friendly green
pesticide. These outcomes reveal that THC signally inhibits both the cell growth and biofilm formation,
thereby reducing its pathogenicity. Consequently, THC holds promise as a novel green pesticide aimed
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1. Introduction

Alkaloids, along with 1,2,3,4-tetrahydro-B-carboline (THC) and
their analogues, show a broad spectrum of activities, including
antiviral," antitumor,” antibacterial,® antifungal,* anti-inflamma-
tory,” antioxidant,® and insecticidal effects.” Most researches have
predominantly focused on THC derivatives, while research on
THC itself, particularly its antibacterial effects, remains relatively
scarce. In our prior study,® it was demonstrated that THC di-
splayed favorable anti-bacterial activity against bacterial blight of
rice, with an ECs, value of 16.27 pg mL™". Nevertheless, the
potential anti-bacterial mechanism of THC against Xoo and its in
vivo control efficacy have not been comprehensively investigated.
Bacterial blight is a rice bacterial disease triggered by Xoo.>*

“Guizhou Province Engineering Research Center of Medical Resourceful Healthcare
Products, College of Pharmacy, Guiyang Healthcare Vocational University, Guiyang,
550081, China. E-mail: qpuying000@163.com; qipuying@gyhvu.edu.cn; shilihong@
Zju.edu.cn; ada_wy@126.com

*National Key Laboratory of Green Pesticide, Key Laboratory of Green Pesticide and
Agricultural Bioengineering, Ministry of Education, Center for R&D of Fine
Chemicals of Guizhou University, Guiyang, 550025, China

‘Guizhou Provincial Center for Disease Control and Prevention, Guiyang, 550004,
China

“Guizhou Provincial Doctor Innovation Station, Southeastern, Guizhou Province,
556400, China

‘College of Chemistry and Chemical Engineering, Guizhou University of Engineering
Science, Xueyuan Road, Qixingguan District, Bijie 551700, China

fAnalytical and Testing Center, Guizhou University of Engineering Science, Xueyuan
Road, Qixingguan District, Bijie 551700, China. E-mail: sunjun@gues.edu.cn

51110 | RSC Adv, 2025, 15, 5110-51119

at targeting bacterial biofilms to effectively manage rice bacterial leaf blight.

When this disease occurs, it is challenging to manage, and
currently, there is a lack of effective bactericides for controlling
rice bacterial blight. The carboline alkaloid THC possesses the
biocompatibility attributes characteristic of natural products,
suggesting its potential for development as a green pesticide.'"*?
Published researches have shown that carbolines have antibac-
terial effects on bacterial biofilms. However, more in-depth
investigations into the underlying mechanisms are still lacking.
Biofilm is an organized assembly of bacteria that adheres to the
surfaces of either living or non-living objects, encased in extra-
cellular macromolecules produced by the bacteria and the
formation process of biofilms showed in Fig. 1."*** Biofilm
bacteria are highly resistant to antibiotics and host immune
defense mechanisms.”'® There are various major biological
macromolecules such as proteins, extracellular polysaccharides,
DNA, RNA, peptidoglycan, phospholipids and other substances
in the biofilm."”*® Biofilm formation is a dynamic process,
including the incipient adhesion, colonization, biofilms devel-
opment and mature diffusion of bacteria.® Reversible adhesion
stage: planktonic microorganisms (such as bacteria) contact with
the surface of the object through flagella, cilia or pili, forming
a reversible temporary adhesion.”** At this time, the microor-
ganism is only wrapped by a small amount of extracellular
polymer, and may still re-enter the planktonic state.** Irreversible
adhesion stage: by regulating gene expression (such as activating
biofilm-related genes), microorganisms secrete a large number of
extracellular polymers (such as extracellular polysaccharides,
EPS), enhance adhesion to the surface, and enter an irreversible

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 The formation and cycle of bacterial biofilm.

fixed state.”*** The hydrogel matrix formed by EPS provides
protection for subsequent colonies.” The formation and matura-
tion stage of the colony: the adhered microorganisms form
microcolonies by division and proliferation, and secrete more
extracellular polymers (EPS) to cover the surface to form
hydrogel-like EPS, and gradually construct a three-dimensional
biofilm structure.”** The mature biofilm presents a “mush-
room-like” or “pile-like” micro-colony group, and a channel
network is formed inside to transport nutrients and metabolic
waste, similar to the original circulatory system.””?® At this stage,
the biofilm thickness can reach tens of microns, and the di-
ssolved oxygen consumption is significantly increased.>?° The
shedding and recolonization stage: due to the internal anaerobic
metabolic gas production or external erosion of the mature bi-
ofilm, part of the shedding releases planktonic microorganisms,
which can recolonize to form new biofilms and complete the
cycle.**> The EPS matrix provides a physical barrier and signifi-
cantly enhances the tolerance of the biofilm to disinfectants,
ultraviolet rays, antibiotics and temperature.**** Therefore, this
study aims to conduct an in-depth exploration of THC against
Xoo, thereby providing valuable insights for the discovery of novel
green pesticides.

2. Materials and methods

2.1. Instruments and chemicals

The sterilized six well plate, ninety-six well plate, and crystal
violet (purity, 2.5%) was obtained from BKMAM Biotech Tech-
nology Co., Ltd, Changde city, Hunan Province, China. The di-
methylsulfoxide (DMSO, >99.8%, GC), and 1,2,3,4-Tetrahydro-p-
carboline (THC, 96%) were purchased from Shanghai Aladdin
Biochemical Technology Co., Ltd, China. Orange peel essential
oil (OPO) was purchased from Henan Moore Water soluble
Fertilizer Co., Ltd. The assessment of fluorescence imaging of
Xoo was performed using Olympus-BX53 microsystem (Japan).
The contact angle was measured using POWEREACH contact
angle instrument, Shanghai, China.

2.2. MIC value of THC against Xoo

The MIC value assessment of THC against Xoo was performed
according to our published work.*

© 2025 The Author(s). Published by the Royal Society of Chemistry
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2.3. Crystal violet and acridine orange staining assay of
bacterial biofilm

2.3.1. Crystal violet staining biofilm. The 5 mL liquid
bacterial medium was added to 15 mL glass test tubes and the
THC working solution (10 pL, 0.05 mg uL~ ') was added to tubes
to a final concentration of 100 pg mL ™. The dimethyl sulfoxide
was added as control (0 pg mL™'). 40 uL Xoo-suspension was
added to tubes. All treatment were statically cultured at 28 °C
for 72 hours. Glass test tubes were stained with 1% crystal violet
solution for 15 min. OD,q, values were measured at 490 nm to
assess the biofilm inhibition rate.

2.3.2. Acridine orange staining biofilms. The ODsos5nm
value of Xoo cell suspension was adjusted to 0.1. Then, liquid
cell suspension (4 mL) was added to the sterile polystyrene six
well plate. However, the THC working solution (8 pL, 0.05 mg
uL ") was poured into six well plate forming an ultimate density
of 100 mg L', Dimethyl sulfoxide was added as control (0 ug
mL ). Subsequently, a small and sterile glass sheet was placed
in all well. Six well plates were sealed and cultured in the
constant temperature incubator at 28 °C for 72 hours. Then,
each glass sheet was stained using acridine orange dye.*®
Finally, all data was analysed using software and an Olympus-
BX53 microsystem.

2.4. Bacterial motility assay

Firstly, the heated 4 mL semisolid medium including 0.5% agar
was poured into a six well plates. Then, THC were added to every
well to obtain the mixture solutions with various of doses of
0 and 100 pg mL ™. Next, 2 pL bacterial Xoo suspension was
poured into the middle of six well plates after cooling and
forming a semisolid medium. The six well plates containing
medium, cells suspension, and THC were placed and co-
cultured in a constant temperature incubator at 28 °C for
seventy-two hours. Finally, the bacterial motility diameter was
detected.’”

2.5. The assay of bacterial pathogenicity

Firstly, 40 pL THC and 40 pL thiadiazole-copper (TC) working
solution was poured into 20 mL liquid-medium respectively to
obtain the mixed solutions with various of doses and 100 pg

RSC Adv, 2025, 15, 5110-51119 | 51111
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mL ™. 40 uL DMSO was poured into 20 mL medium to obtain
the solutions with various of doses 0 pg mL™". Secondly, 160 uL
Xoo-suspension was added to 20 mL liquid medium and the
mix-medium were incubated for 72 hours in an incubator at 28 ©
C. Then, ODsy5 values of every treatment are adjusted to 0.5.
Rice leaves at tillering stage were inoculated with a bacterial
suspension (ODsg5 = 0.5). Meanwhile, rice was cultured at 28 °C
in 80% humidity in an artificial climate incubator. Lastly, all
leaves lesion length were measured and calculated.®

2.6. Controlling rice bacterial leaf blight at in vivo level

Rice leaves at tillering stage were inoculated with a Xoo cells
suspension for culturing 24 hours at 28 °C in 80% humidity in
an artificial climate incubator. Then, THC and TC working
solutions (200 mg L") were applied to the rice leaf. Rice was
cultured 14 days in an artificial climate incubator and leaves
lesion length were measured and morbidity, disease index,
control efficiency was calculated.*

2.7. Orange peel essential oil (OPO) improving the control
effective in vivo

0.3% OPO was added into THC to improving the control effec-
tive in vivo against rice bacterial leaf blight. Experimental
method referred to the experimental procedure of 2.6.*°

2.8. ADMET evaluation and phytotoxicity

The evaluation of ADMET was performed using the software of
ADMETIab 2.0.** The SMILES of THC were submitted into
“https://admetmesh.scbdd.com/service/evaluation/index”.
Lastly, these outcomes were shown in a Table S1.

2.9. Statistical analysis

Every treatment was performed for three times. Using ANOVA
method to assess the differences between every treatment
(Origin 2021, Origin Company, USA). All experimental data was
showed in figures (*) p < 0.05, (**) p < 0.01, (***) p < 0.001 vs.
control or 0 pg mL ™",

3. Results and discussion

3.1. THC inhibits the growth of Xoo

It has been found that bacterial biofilms can be used as
a potential molecular target for drug discovery.*> The strategy of
targeting biofilm is to affect only the formation of biofilms
without impacting on the normal bacteria, thus reducing the
pathogenicity and bacterial virulence to achieve the purpose of
preventing and controlling bacterial diseases.** Therefore, tar-
geting bacterial biofilm is a promising antimicrobial strategy.**
Some studies have found that B-carbolines exhibited an anti-
bacterial biofilm activity.** According to the published work,
we found that THC exhibited fine antibacterial activity against
bacteria, however, the underlying antibacterial mechanism was
not investigated.® Therefore, in our current study we discussed
in depth the mechanism of THC against Xoo. Table 1 and Fig. 2
show the chemical structural formula and MIC value of THC,

51112 | RSC Adv, 2025, 15, 51110-5119
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Table 1 The inhibition ratio of THC against Xoo at the concentrations
of 100, 125, and 150 pg mL™%, and TC against Xoo at the concentra-
tions of 500 pg mL™?

Concentrations Inhibition ratio

Treatment (ng mL™Y) (%)

THC 150 100 £+ 0.01
125 37.52 £+ 6.46
100 7.56 £ 11.16

Thiodiazole-copper (TC) 500 0

the results of which showed that THC inhibited Xoo by 100 £
0.01%, 37.52 + 6.46%, and 7.56 + 11.16% at the action
concentrations of 150, 125, and 100 pg mL ™, respectively. Thus,
it is seen that THC significantly inhibited the growth and
proliferation of Xoo at the action concentrations of 150 and 125
pg mL ™, especially at 150 ug mL ™", the bacteria almost stopped
growing and proliferating. The inhibition rate of thiadiazole-
copper against Xoo was 0 at the concentration of 500 pug
mL ™. It can be seen that the MIC value of THC is 150 ug mL ™.
MIC value of thiodiazole copper is more than 500 pg mL ™.
Although THC still showed some inhibitory effect at an action
concentration of 100 pg mL™", it almost had no effect on the
growth and proliferation of the bacteria. Therefore, THC can be
used as a potential Xoo biofilm-targeting inhibitor if it achieves
only inhibition of biofilm formation without affecting bacterial
growth and proliferation at an action concentration of 100 pg
mL~". Therefore, we choose 100 pug mL™" as the drug action
concentration in the subsequent study. In addition, we
purchased four THC analogues and evaluated their antibacte-
rial activity. As shown in Fig. S1 and 2, the results show that only
compound 6-methoxy-1,2,3,4-tetrahydro-B-carboline displayed
certain anti-Xoo activity, and the MIC value is 300 pg mL™},
which is much lower than the antibacterial activity of THC.
Other compounds have almost no antibacterial activity at
concentrations of 50-500. Thereby, THC might be a potential
pesticide candidate for controlling plant disease.

3.2. The assay of biofilm formation

Biofilms play an extremely significant role in bacterial patho-
genesis,’ and more than 65-80% of microbiological contami-
nation worldwide is closely associated with biofilm,*” which are
also secreted by phytobacteria to promote bacterial pathoge-
nicity when infecting host plant cells.** Moreover, -carbolines
have a certain inhibitory effect on biofilms.** Therefore, this
study investigated the effect of THC on Xoo biofilm. Crystalline
violet can stain the biofilm to quantify the biofilm.** These
results of the crystalline violet staining experiments in Fig. 3A
and B showed that the inhibition rate of THC on Xoo biofilm
was 60.89% at 100 pug mL™' action concentration, which
significantly inhibited the formation of biofilm. It was further
found that acridine orange could fluorescently stain bacteria in
the biofilm state, thus visualizing the effect of Xoo biofilm by
THC. The results of fluorescence staining experiments showed
that the green fluorescence intensity of the bacteria at 100 pg

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 Xoo-biofilm inhibition. (A and B) Crystal violet staining showing Xoo-biofilm inhibition at 490 nm (OD4g90nm) after treatment with THC (O
and 100 pg mL™Y). (C and D) Acridine orange staining bacterial biofilm at the concentration of 0 and 100 pg mL™%. Every treatment was performed

for three times.

mL™! action concentration of THC was 55.36, while the fluo-
rescence intensity (calculating fluorescence intensity with
Image J software) of the control group was 81.97, which showed
that THC could significantly inhibit the formation of biofilms,
interfere with the pathogenic process of the bacteria, and
reduce the pathogenicity (see Fig. 3C and D).

© 2025 The Author(s). Published by the Royal Society of Chemistry

3.3. The assay of motility

Most bacteria have good motility and mobility is one of the
fastest movement modes of bacteria.*>** It enables bacteria to
sense environmental changes, avoid harmful environmental
stimuli, and move to nutrient-rich environments, which ulti-
mately significantly improves their environmental adaptability

RSC Adv, 2025, 15, 51110-5M9 | 51113
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Fig. 4 The effect of THC on bacterial motility. (A) Motility plate analysis of Xoo, treated with DMSO (control), and THC (100 ng mL™). (B) The
inhibition ratio of Xoo-motility treated with DMSO and THC. (**) p < 0.01. Scale bars are 10 mm. (C) TEM monitoring the morphological changes
of Xoo-flagellum after treatment with THC (DMSO, serve as control), and 100 ug mL™% (D) The percentage of Xoo-flagellum. Scale bars = 1 pm.
The binding mode of FlgB with THC. (E) The 3D structure of complex. (F) The electrostatic surface of FlgB protein. (G) The detail binding mode of
complex. Every treatment was performed for three times.
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and pathogenicity.>® The results of the bacterial motility exper-
iments in Fig. 4A and B showed that the natural alkaloid THC at
a concentration of 100 pug mL™~" had a significant inhibitory
effect on the motility of B. albicans at 14.7 mm and 18.8 mm in
the control group. The bacterial flagellum had a significant
inhibitory effect on the motility, and its diameter was 14.7 mm
and 18.8 mm in the control group, respectively.>* The swimming
diameter was 14.7 mm, while that of the control group was 18.8
mm. Bacterial flagellum is an important locomotor organ
responsible for bacterial mobility, and usually the flagellum is
composed of three parts: flagellar filament, flagellar hook and
matrix. The movement of bacterial cells towards beneficial
environments and avoidance of harmful environments, as well
as the flagellum-mediated swimming play an important role in
the bacterial infestation cycle, which undoubtedly increases the
probability of cell colonization of the host plant surface. This
ability enhances the efficiency of bacterial search and enables
the bacteria to avoid harm. This suggests that bacterial viru-
lence to the host is significantly influenced by flagellum-
mediated movement. As shown in Fig. 4C and D, the
percentage of flagellar self-assembly was 100% and 52% at
0 and 100 pg mL ™" action concentrations, respectively. These
results suggest that compound THC strongly interfered with the
flagellar self-assembly process and caused a decrease in bacte-
rial virulence at an action concentration of 100 ug mL™". The
rice leaf blight bacterium in this study is a unipolar flagellated

A
0 yg/mL

X
3

T
@123 456 78 910111213
L " [0l

19 20 21 22 23 24 25 26 2

e —
Jl—
e
-’

View Article Online

RSC Advances

bacterium, and the synthesis of flagella depends on regulatory
proteins such as FlgB, which is involved in pathogenic
processes such as bacterial motility, chemotaxis, and biofilm
formation, and promotes the attachment and spread of patho-
genic bacteria to host tissues at the early stage of infection;
therefore, inactivation of the FIgB protein can lead to
a complete absence of the flagellum, which affects bacterial
motility and virulence. Therefore, based on the above experi-
mental results, this study further investigated the effect of THC
on bacterial flagellar self-assembly. As shown in Fig. 4E-G, the
molecular docking results showed that THC existed and well-
matched with FIgB protein, with a binding energy of
—6.85 keal mol . The binding mode results indicated that THC
could form two hydrogen bond interactions with FIgB protein
residue ASP-42, with a strong binding ability, which was
important for anchoring small molecules in the protein pocket;
in addition, THC could also interact with LEU-42, which was the
most important molecule in the protein pocket. In addition,
THC can also form hydrophobic interactions with LEU-45, PHE-
64, and the benzene ring in the molecular structure of THC can
also form pi-pi conjugation interactions with PHE-64 residues,
all of which are important for stabilizing small molecules.
These interactions can promote the formation of stable
complexes between THC and FIgB proteins, which are highly
protein-associated. Taken together, THC may inhibit flagellar
biosynthesis by interacting with FIgB proteins leading to
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Fig.5 The effect of THC and TC on the pathogenicity of Xoo. Pathogenicity analysis of rice leaves following treatment with different doses of (A)
0 pg mL~1(DMSO), (B) TC (100 pg mL™Y), and (C) THC (100 pg mL™Y) for 14 days. (D) The lesion length of rice leaves after treating with DMSO, TC,

and THC. Every treatment was performed for three times.
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Fig. 6 The curative activity of TC and THC against Xoo at 0 ng mL™ (served as CK), TC-200 pg mL™, and THC-200 pg mL™.

Table 2 Curative activity of THC and TC against Xoo under green-
house conditions at 200 ug mL™ in vivo

Curative activity

Treatment Morbidity Disease index Control efficiency”
THC 100% 60.0% 32.5%

TC 100% 62.2% 30.0%

CK* 100% 88.9% —

“ Control. ” Statistical analysis was performed using ANOVA under
condition of equal variances assumed (p < 0.05).

reduced bacterial mobility and thus attenuating bacterial
pathogenicity.

3.4. The assay of pathogenicity

Pathogenic bacteria use virulence factors to overcome host
defenses,* and many virulence factors are closely associated
with infections caused by bacteria. Bacterial biofilms, motility,
flagella, and other virulence factors are critical facilitating
bacterial colonization and enhancing pathogenicity during
infection. The release of multiple virulence factors by Xantho-
monas plantarum disrupts the host's defense system, enhances
bacterial pathogenicity, and facilitates the infection of crops by
pathogenic bacteria, leading to the development of plant
diseases.>® Bacterial pathogenicity can be measured as the
strength of bacterial virulence at the in vivo level. Thus, the
pathogenicity of bacteria depends on their ability to secrete
virulence factors. All previous in vitro experiments showed that
the compound THC could effectively inhibit the virulence
factors of Xoo, however, it has not been confirmed in in vivo
experiments, so the corresponding in vivo pathogenicity

THC+0.3%

validation experiments were carried out. The results, as shown
in Fig. 5, showed that compound THC at the different dose of
0 pg mL™", TC-100 ug mL ™", and THC-100 pug mL~" resulted in
spot lengths of 11.0 cm, 9.2 cm, and 3.1 cm for rice leaf blight,
respectively. Therefore, these results of in vivo pathogenicity
experiments in rice indicate that compound THC can effectively
reduce the pathogenicity of rice bacterial leaf blight at an early
in vivo level.

3.5. The assay of THC against rice bacterial leaf blight

The alkaloid THC showed good biological activity against Xoo in
vitro and exhibited fascinating anti-biofilm functions. Effective
control of rice leaf blight in vivo is our ultimate goal. Therefore,
in vivo control experiments of rice leaf blight were executed. The
results of the experiment were shown in Fig. 6 and Table 2, THC
showed good therapeutic efficacy with a control effect of 32.5%,
which was slightly higher than that of the commercial drug
thiabendazole (30.0%).

3.6. The assay of THC and 0.3% OPO against rice bacterial
leaf blight

Although the therapeutic activity of THC was evaluated in Fig. 6,
it was generally effective. However, we wanted to find an effec-
tive pesticide additive to enhance the therapeutic activity of
THC. Pesticide additives have various functions, such as
reducing the surface tension of the liquid to make the liquid
spread quickly, increasing the droplet adhesion, enhancing the
affinity between the liquid and the waxy leaf surface, strength-
ening the penetration effect, enlarging the contact area of the
liquid, and enhancing the adhesion rate of the liquid on the leaf
surface. Based on previous research, OPO is a widely used
pesticide additive derived from natural plant essential oils.>” As

OoPO

Fig. 7 The curative activity of THC and 0.3% OPO against Xoo at 0 pg mL™* (served as CK), and THC-200 pg mL™%.
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Table 3 Curative activity of THC and 0.3% OPO against Xoo under
greenhouse conditions at 200 pg mL™* in vivo

Curative activity

Treatment Morbidity ~ Disease index  Control efficiency”
THC + 0.3% OPO 100% 51.1% 42.5%
CK“ 100% 89.0% —

“ Control. ” Statistical analysis was performed using ANOVA under
condition of equal variances assumed (p < 0.05).

shown in Fig. 7 and Table 3, the contact angle of water on the
surface of rice leaves was 110° at a dose of 200 pg mL™". The
contact angle of water on the surface of rice leaves was 110°. The
contact angle of THC containing 0.3% essential oil of orange
peel on the surface of rice leaf was 53°, and the therapeutic
efficacy was 42.5%, which was significantly enhanced by 10%.

View Article Online
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The results showed that orange peel essential oil is a good
natural pesticide additive.

3.7. ADMET prediction and phytotoxicity assessment

Inadequate assessment of pharmacokinetic profiles of pesticide
candidates along with imperfect evaluation of drug toxicity is
a main cause of failure in the later stages of pesticide develop-
ment. In this study, the absorption, distribution, metabolism,
excretion, and toxicity (ADMET) characteristics of drugs was
systematically evaluated using the ADMETlab 2.0 computa-
tional platform (accessed at https://admetmesh.scbdd.com,
accessed on May 16, 2025).® As shown in Fig. 8A, the ADMET
assessment functional module of the platform is built based
on the multi-task graphical attention framework and contains
a series of high-quality prediction models, which can efficiently
calculate 17 physicochemical properties, 13 medicinal chem-
istry parameters, 23 ADME indicators, 27 toxicity endpoints,

H / 5 VS SR
Q—C/NH ] i * Molecule weight © DMENab 2.0
A # nrings == . -
Molecule L bond feature«~ o % 1 atoms l,_;/‘ 1 » | . - ' »
EEE & # nHBA - —
atom feature ¥ # nHBD g SR B R
# etc N X
Molecule graph Molecule descriptors
- - . CK-1day THC-1day
Upper Limit Lower Limit Compound Properties
MW
LogP nRig
LogS fChar
LogD nHet
CK-7days THC-7days
nHA MaxRing
nHD nRing

TPSA nRot

Fig. 8
THC at the concentrations of 200 pg mL™.

© 2025 The Author(s). Published by the Royal Society of Chemistry

(A) The fundamental framework of the ADMETlab assessment. (B) The physicochemical property of THC. (C) Phytotoxicity assessment of
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and 8 toxicity motif rules (including 751 sub-structures), and
provide technical support for the screening of promising lead
compounds. Fig. 8B and Table S1 show that THC exhibits good
pharmacological and toxicological properties, with good results
in synthetic accessibility score, Fsp3, medicinal chemistry
evolution (MCE-18), Lipinski rule, Pfizer rule, Pfizer rule, and
Pfizer rule. Rule, Pfizer rule, GSK rule, Caco-2 permeability,
MDCK permeability, Pgp-inhibitor, Pgp-substrate, Human
Intestinal Absorption (HIA), F (20%): 20%. Bioavailability, F
(30%): 30% Bioavailability, Plasma Protein Binding (PPB),
Volume Distribution (VD), the fraction unbound in plasms (Fu),
Clearance (CL), the human Ether-a-go-go-Related Gene Blockers
(hERG Blockers), Drug Induced Liver Injury (DILI), Carcinogen
city, eye corrosives, eye irritation, etc. The results of Fig. 8C
showed that the growth of rice seedlings was not significantly
inhibited seven days after spraying THC at a concentration of
200 ug mL ", Similarly, the phytotoxicity of THC derivatives has
primarily been assessed in mature rice plants and it exhibited
low phytotoxicity.*® The comprehensive evaluation showed that
THC has good ADMET properties and is expected to be devel-
oped as a new green pesticide for the control of rice leaf blight.

4. Conclusions

In conclusion, as an important commercial insecticide, THC
has good therapeutic control of Xoo-induced rice leaf blight.
Meanwhile, few studies have been reported on the control of
rice leaf blight by THC and its antimicrobial mechanism. In our
study, we investigated in detail the antimicrobial mechanism
and control effect of THC against rice leaf blight bacteria. The
results showed that THC possessed good therapeutic activity
(32.5-42.5%) and excellent antibiofilm activity. These results of
ADMET and phytotoxicity experiments indicated that THC was
safer for target crops, and it was expected to be a novel green
bactericide targeting biofilm.
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