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Inhibitory activity and mechanism of action of isopsoralen
against Pseudomonas amygdali pv. lachrymans

GAO Jingxin', LIU Lingyun?, LI Xiaoqgian?, GUAN Lijie®*

1 College of Chemical Engineering, Shenyang University of Chemical Technology, Shenyang, Liaoning, China
2 College of Environmental and Safety Engineering, Shenyang University of Chemical Technology, Shenyang,

Liaoning, China

Abstract: [Objective] To elucidate the primary bioactive component in Psoralea corylifolia seed
extract that is responsible for inhibiting Pseudomonas amygdali pv. lachrymans (Pal) and to
characterize its antibacterial mechanism.|[Methods] The effect of isopsoralen on the growth curve
of Pal and its minimum inhibitory concentration (MIC) were determined by the liquid culture assay.
The antibacterial mechanism was investigated by transmission electron microscopy (TEM)
combined with physiological and biochemical analyses. [Results] The MIC of isopsoralen against
Pal was 400 mg/L. Isopsoralen disrupted the integrity of the bacterial cell wall and cell membrane,
leading to leakage of intracellular contents. It interfered with cellular energy metabolism by
inhibiting the activity of respiratory chain dehydrogenases. In addition, it impaired bacterial
responses to environmental changes and colonization in the host by suppressing swarming motility,
swimming motility, and biofilm formation. [Conclusion] Isopsoralen exerts its inhibitory activity
against Pal through the synergistic actions of structural damage, energy disruption, and virulence
suppression, ultimately abolishing the pathogen’s ability to infect the host. These findings provide
a theoretical basis for the application of P. corylifolia seed extract as a botanical bactericide in the
green management of cucumber bacterial angular leaf spot.

Keywords: isopsoralen; Pseudomonas amygdali pv. lachrymans; physiological and biochemical
mechanism
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HNE IR R PR TE R, PIHIRN 86.076%; #b
BT IRZ, WHIRH 61.181%; *MEHIERK
55, A6 N 35.021%; IBC #H1KHA 3.797%;
MR E SR BRI A B P B 1

5L, SAMT IR ZEXT Pal B KD HIE
FHEWEEROIPEE 1), 525 B4 IRCK) A,
50, 100, 200 mg/L 5% i 2 Ak P ¥4 0] 4 27
Pal #E AXTEA R, Hirb 200 mg/L A FRZ Y 4E
RN e 3 o TEAH IR BE(100 mg/L) T, 7
FIVEFRE 2R I TR S 2 O T % B2 5701 (P<<0.05)

SR FH Rt TR s R vk D T S ¢ BiR 38 %)
Pal [HLRRTEPE. RS CLSIMO7-A6D i, H
e/ MIVEEHRE A 400 mg/L (55 2).
22 BHEBEZREEHBEETHRER
BRI FZ M

75 S L B LR 4 IR IR 2 Fis . CK 4L(1]

#z1 AEEMTFREMIREEEZNFER DX Pally
HEEM
Table 1

corylifolia seed extract and its major chemical

Antibacterial ~activity of Psoralea

constituents against Pseudomonas amygdali pv.
lachrymans
Different ingredients Absorbance+  Inhibition
SD rate/%
IBC 0.228+0.011c¢ 3.797e
Corylin 0.092+0.061e  61.181d
Psoralidin 0.538+0.091a -
Psoralen 0.154+0.034cd -
Bakuchiol 0.369+0.030b  35.021c
Isopsoralen 0.033+0.035d  86.076b
Psoralea corylifolia seed extract 0.031+£0.030d  86.920a
CK 0.228+0.018¢
NMP and Tween-80 0.237+0.014c¢

All drug concentrations were 200 mg/L. — indicates a negative
inhibition rate (possible growth promotion). Data are presented
as meantSD (n=3). Different lowercase letters in the same
column indicate significant differences (P<0.05). The same

below.
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08 HIERH(E 2C. 26)5, BEIEA KA D

o CK
07 -O- Isopsoralen 50 mg/L

- [ & Isopsoralen 100 mg/L
- Isopsoralen 200 mg/L
0.6 - <- NMP
~ Zhongshengmycin 100 mg/L /

OD 600

0.1F

0.0 1.0 20 30 40 50 60 7.0
t/h

Bl RABEZREANERE T PalE Kz
=210
Figure 1 Effects

concentrations on the growth curve of Pseudomonas

of isopsoralen at different

amygdali pv. lachrymans. Data are presented as
mean+SD (n=3).

*2 FHBFERENERE T &REEFPalf]

B
Table 2 Antibacterial activity of isopsoralen at
different  concentrations against Pseudomonas

amygdali pv. lachrymans in liquid culture

Drug Absorbance+  Inhibition  Visual
concentration/ SD rate/% observation
(mg/L)
800 0.062+0.014b  100.000f Clear
400 0.064+0.003¢  100.000f  Clear
200 0.224+0.010d  81.255¢  Slightly turbid
100 0.442+0.023¢  63.013d  Turbid

50 0.686+0.007f 42.5%c Turbid

25 0.886+0.012¢g  25.858b  Turbid

0 1.195+0.071a 0.000 Turbid

Absorbance values were subtracted from the LB medium blank
(0.062).

2A. 2E)EARSEBAIFPIR, RS, A
R 55 0 B AT AT T . NIMIP 95 551 %o i (4]
2B, 2F) WAL S CK ML T W 2a 5, #
B FIAS B X BRI TER2 I . 48 50 mg/L S#4b
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E2 BEHEBIE T FAE IR Pa RS20

Figure 2  Effects of isopsoralen on the cell morphology and ultrastructure of Pseudomonas amygdali pv.
lachrymans as observed by transmission electron microscopy (TEM). A-D: CK, NMP solvent control, 50 mg/L
and 100 mg/L isopsoralen treatment groups, respectively, with a magnification of 10 000x; E-H: CK, NMP
solvent control, 50 mg/L and 100 mg/L isopsoralen treatment groups, respectively, with a magnification of
30 000x.

E3 RAMEIERXPaBEITEhAIKERIR

Figure 3  Effects of isopsoralen on swarming motility and swimming motility of Pseudomonas amygdali pv.
lachrymans. A: CK group for swarming motility; B: 50 mg/L isopsoralen group for swarming motility; C:
100 mg/L isopsoralen group for swarming motility; D: CK group for swimming motility; E: 50 mg/L isopsoralen

group for swimming motility; F: 100 mg/L isopsoralen group for swimming motility.

IR, W R R, P R RO B i B
25 BSMNEBEZRNREREIHRFR ST, mEs Fon, SAEIEE g s
SEA il Pal A=Wk BB L. £ 25, 50, 100 mg/L

PR M IR AN RIEEMPUE M IR, AW B S o 4
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Figure 4 Effects of isopsoralen on RNA leakage
from cells of Pseudomonas amygdali pv. lachrymans.
Different

differences among different time points for the same

uppercase letters indicate significant

treatment (P<0.05), while different lowercase letters

indicate significant differences among different

treatments at the same time point (P<0.05).
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Figure 5  Effects

concentrations on biofilm formation of Pseudomonas

of 1isopsoralen at different

amygdali pv. lachrymans.
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Figure 6 Effect of isopsoralen on the activity of
respiratory chain dehydrogenases in Pseudomonas
amygdali pv. lachrymans. Different uppercase letters
indicate significant differences among different time
points for the same treatment (P<0.05), while
different
differences among different treatments at the same
time point (P<0.05).

lowercase letters indicate significant



mEmEE | YR, 2026, 66(8)

3847

TEPETHE Pal (BB, XATRER
(BN —
3 Wik

A G #b 5 Jg Tl $ B S T B 6
AW AN ETE PR T T . 78 200 mg/L ¥
JE TR IRR T IREY) . SAME IR R . AVE IR
T AMEIEE A IBC XRAAKEFE Pal 4ifEA K1Y
622 9 4 86.920% . 86.076%. 61.181%.
35.021%. 3.797%. WI UL, S¢#hE g R b il
Pal f E1EPERST. [FIRE, 78 200 mg/L #EAEFH
FHREY P RAME IR E N & AU 2 mg/L, H
b3 P B3 R S IR T 55 56 45 A6 A 4 1
WRE, RS MR E— W FEE- . #b
B BE E FIAME I B E 200 mg/L e BT 30 A2
E Pal A KBRS (1), HWOG(E B3 5 Xt
M, X —IMRIF A Y LA RN RRAE, B
S 1y Yk A AR A S o R R
T A 0 I SR 7 B T A g o 4 T 4 7 A
B 5 A KRRV P X AR B T M TR A 2
ZWH 5y RS E RS

SEANER R 2R 09 TR AL 5 A B AR X A i
Jof B ) B EIR . BT B, AbPR R
B A 411 B/ 5 vk A2 L T PN A TR AN RS
RNA S50 — A UESE, 20 i s v g 2
W X — 1R A RS I R AR ORGE  A
R A Y o 0 IR A0 i B A5 e S B
AN LB — B SR, AN M AR O 4t
Rz s R S ae R 0254, stk
S N AL iR Wl o F2 0 0) 2R A

TR 2 A B AL ) 7E T R AR T
INT AR S, kb g 28 ] dod 2 o o P i e
IR S o P OB IO S A R R AR
ATP G R CBEAR AL, HG PR i B3
R AR RE L RS . (EATERA R, B
AR B Al 2o Bl VR S I R B, E— 20 i B 1
RIFZEEL. UL, BESE 055 A8 AR il
DMRIVERS, e fm] T 850 6 BOE K SRR, d

HAmwfEH

2 SISLENIN Y E R

FEGE R e A AL R L, R
HEIERHE LTI TR NS RS, 5
553 M, 50-100 mg/L 54 25 ] 2 35 9 4l
Pal i JRAY, SSRGS M AR UK 2 5 B AR
B BAE Ty, I A0 AE ) B TR (50 mg/L Al
100 mg/L Ak B 21 i) #1223 5] R 26.67% Al
34.55%) . A= Wk RS2 20 T N G A B ER
A\ 2 5 B0 R B A IR HIE AL
WA T R AR BB L iz 3l S B AR SO (quorum
sensing, QS) M 2% (1) I [a] 8 4209400, iy | 3 1k
BINFRERE IR, = A AN N ATP K.
IR 5T 00 e AR T R RS 6 SR 2 0 il 5k
FERETE IR FIL . WA, fENFEFERL
Y, SAMT IR R T RelRIRTE A T QS /754
S iR X R a7 M Az Bl A B R sk
BEL DB 55 7 R, 0 T 95 0 DA A 1) S B
PARSBLE BT VA

AT B2 25 8000 G R LB T2
WF5E,  HAE A &8sk 1) 7 A AIF 5% UL X 94 55
B 2o G, b B R R AT A JE 48 Wt/
B-catenin. PI3K/Akt 55 G5 538 I8 15 ol 2
I 5 A L ) b S T RSP, e AR,
R VEIGTT E R AAE (7 ek /R O &R
LA A BAR A g e, nT A 545 4
PR RIS R M B VR, IR RE S A0 ) — &t
M2 G i 2 AR AR EAE R, HAT Z2 80 5000 N FH v
HWY OB R FERE P A YRE SN
A DNA {2 figlAH BAEH , d DNA G0, %
KRBT, 52 ARFENE, SHE
FA ML s . BRI EEL. R
ST IEZAZ P EINE, ZE 2N
LI W VE PR A, o R AR AT 1 I K
I FHERHE T3 110 S i o

AR, FE IR PR E SR
AL A W AN B Z A A R 40 P Pal 11
FEIEHE NSy, HAEH TGS . se i i
BHRGIANZH . 456 LR BRI PIRE R,

http://journals.im.ac.cn/actamicrocn



3848

GAO Jingxin et al. | Acta Microbiologica Sinica, 2026, 66(8)

I 288 A 5 0 A TN R D 2 A ) D L R )
BETERMY o LIRBETE R, AME R R 4R
PIVE I IRAC 2, e RPN MU E BRG E,
LB XA [R]85 D i A 1 AR 4% 5 o Il
ZH I 2R AR (AR S BRI AN
FEAEPIZE, BA RE

4 i

i Pk, AN IERT R ECY A Pal 1)
EEIEER N AR IR R o AR AL 2 B
DN R T A TR 200 R BE R 20 i 0 S8 R A
THCRE AU R, I B Az S R R e
REIE R, DA T A 2550 S D 00 1 ) 2 1 B0
HI 55 AR e A RO RE ST, foe 2 S BUXH A oA 1 g
TP . BRI O AR IR R T S B AR AN
BRI T 255 B TP R R AE T B

& STk = FH

FanaE: JTEBOT . AN BdEar . 4
AL IBSURE ST XKz Jrksat. B
S BT AEE: PRSI BURALIE; G
AR : WHSCE BB MR R A % S 1ET

{E& P s R A FF AR

VEF PR WA AEATAT ] BE 2 RO A ST i AR
B2 M g ol AR AR

B3R

(17 X, AR, 3708, tRgdon . e 05 545

¥y 5 bR 354 14y B 0] E KSR, 2025, 38(3):
188-196.
Liu SH, Zhou CY, Tong ZJ, Xu SR. Analysis of China’s
cucumber export trade structure and international
competitiveness[J]. China Cucurbits and Vegetables,
2025, 38(3): 188-196 (in Chinese).

[2] B3, K25, RN, BemkH, XU T, B AV, ESCHr . i

it BTN B T AR K SR D] AR Y, 2024,
23(2): 22-25, 65.
Lu F, Zhang J, Wu J, Bi QY, Liu XY, Zhao JJ, Wang WQ.
Occurrence and integrated control of major diseases on
protected cucumber[J]. Modern Agrochemicals, 2024,
23(2): 22-25, 65 (in Chinese).

[3] Meng XL, Xie XW, Shi YX, Chai AL, Ma ZH, Li BJ.
Evaluation of a loop-mediated isothermal amplification

P4 actamicro@im.ac.cn, 7 010-64807516

assay based on hrpZ gene for rapid detection and
identification of Pseudomonas syringae pv. lachrymans
in cucumber leaves[J]. Journal of Applied Microbiology,
2017, 122(2): 441-449.

[4] 257 . BT A FE DR 200 1y (1% B T 20 T P I P i Do T

o SR LR SR H 43 BT [D]. b5t iR E RO BB,
2018.
Li L. Pathogenicity and comparative genome analysis of
the pathogens of cucumber bacterial flow gum disease
based on whole genome sequencing[D]. Beijing: Chinese
Academy of Agricultural Sciences, 2018 (in Chinese).

[5] Jeong H, Kloepper JW, Ryu CM. Genome sequences of
Pseudomonas amygdali pv. tabaci strain ATCC 11528
and pv. lachrymans strain 98A-744[J]. Genome
Announcements, 2015, 3(3): e00683-15.

[6] Arora P, Sharma DK. Occurrence, detection and
transmission of Pseudomonas syringae pv. lachrymans
from the seeds of cucumber (Cucumis sativus L.) in
Rajasthan[J]. Journal of Plant Biota, 2025, 4(2): 46-54.

[7] Li LL, Du CX, Wang L, Lai MX, Fan HF. Exogenous
melatonin improves the resistance to cucumber bacterial
angular leaf spot caused by Pseudomonas syringae pv.
lachrymans[J]. Physiologia Plantarum, 2022, 174(3):
el3724.

(8] BREE, PRYN AL . A A TR PR 5 K FE R VA e [T]. i

LA RR, 2022, 63(8): 1798-1804, 1808.
Chen MM, CHEN LZ. Study on plant bacterial diseases
and its prevention and control measures[J]. Journal of
Zhejiang Agricultural Sciences, 2022, 63(8): 1798-1804,
1808 (in Chinese).

[9] " EA 2515 B M R 24580 048 [EB/OLY). [2021-04-12].
http://www.chinapesticide.org.cn/.

China Pesticide Information Network. Pesticide registration
data[EB/OL]. [2021-04-12]. http://www. chinapesticide.
org.cn/ (in Chinese).
[10] 724 e, S2AEET . TR T T2 A AR 2 R[], 5
MERZR, 2016(3): 21-22.
Zuo JL, Jiang GX. Main chemical agents for the control
of bacterial plant diseases[J]. Jilin Vegetables, 2016(3):
21-22 (in Chinese).
SRALHT, BRERAE, TR, KA 2, Sk, skaEns . MEY AT
Mg B IR 25 R E U R T]. P IE A2y, 2019(1): 15-25.
Zhang LX, Lang YY, Zhang J, Zhang SX, Zhang P,
Zhang XH. Research progress on agents for controlling
crop bacterial diseases[J]. Chinese Agrochemicals,
2019(1): 15-25 (in Chinese).
[12] T-FF. 304Zoc 20wk & i K B 2 2= 0], & 8
#,2021(14): 28-34.
Yu PP. The 3 billion-yuan bacterial disease control market
is entering a booming period[J]. Marketing Circles,
2021(14): 28-34 (in Chinese).
[13] TFF . (BAS G A A TR P 5 AR T 2450 T2 0], B4
B, 2021(14): 39-43.
Yu PP. Popular agent categories for bacterial diseases
worthy of attention [J]. Marketing Circles, 2021(14):
39-43 (in Chinese).
[14] ¥, #A, T, TS, Tadr, ke R, &R, JL
ol A= ) 22 30 %o B IS R AL 200 T 1 A TR ) 7 i 3R
WEFR ). dbsidelk, 2015(31): 52-54.

[11

—



= =

=] HH

F | ED A, 2026, 66(8)

3849

[16]

(18]

(21]

(22]

(23]

[24]

Yue J, Dong J, Qiao Y, Wang WQ, Wang PS, Zhang JL,
Yuan ZQ. Control efficacy of several biological agents
against cucumber anthracnose and bacterial angular leaf
spot[J]. Beijing Agriculture, 2015(31): 52-54 (in
Chinese).

Qiu DY, Ke MJ, Zhang Q, Zhang F, Lu T, Sun LW, Qian
HF. Response of microbial antibiotic resistance to
pesticides: an emerging health threat[J]. Science of the
Total Environment, 2022, 850: 158057.

BRI, 60, BT, WIS, XUFI . R TR FLR
PR I3 B AN TR AL BT 58 SR 5 B (0). Rl 5 R,
2022, 42(16): 26-29.

Zhao YT, Wang XE, Zhao Y, Pan T, Liu LM. Research
progress and prospect of antifungal active ingredients and
antibacterial mechanism  derived from plants[J].
Agriculture and Technology, 2022, 42(16): 26-29 (in
Chinese).

LM, RIS . AN R T S U SR e T
PG TERFFE[I]. T B R 7 SRR, 2021, 50(5): 130-133.

An L, Guan LJ. Antifungal activity of Psoralea corylifolia
seed extract against Valsa mali[J]. South China Fruits,
2021, 50(5): 130-133 (in Chinese).

KA, SCHNZA . 0.2% A% PN A TR R S 7L 790 A9 L 1) 1oz ]
Ae24, 2018, 57(11): 840-843.

Zhang W, Guan LJ. Field application study of
isobavachalcone 0.2% microemulsion[J]. Agrochemicals,
2018, 57(11): 840-843 (in Chinese).

SN, ALK, AR, 22 . 0B IR TR s P R o3
B 252 (0] Hh ELERIB R 2R, 2013, 29(4): 655-660.
Guan LJ, Zhao LH, Shao S, Li HY. Analysis and
identification of antifungal activity component of
Psoralea corylifolia L[J]. Chinese Journal of Biological
Control, 2013, 29(4): 655-660 (in Chinese).

XUZE, SEMZAS . AP 45 e P %o 7K e e st PR 40 A
BELAYIE L], VL4, 2019, 47(22): 117-121.
Liu X, Guan LJ. Antibacterial effects of isobavachalcone
on cell wall and membrane of Magnaporthe grisealJ].
Jiangsu Agricultural Sciences, 2019, 47(22): 117-121 (in
Chinese).

Guan LJ, Shang JY, Li XL, Liu CJ, Liu LY, Lei XY.
Mechanism of action of isobavachalcone in inducing
resistance to tobacco mosaic virus disease in tobacco[J].
Physiological and Molecular Plant Pathology, 2024, 134:
102450.

IR, SIS . AME HRRR T BT L R 2 TN B
P R B4 T 1] By 2500 50 (0] 1l 3 Al AR o i
2021, 40(3): 83-87.

Li YJ, Guan LJ. Field control effect of microemulsion of
Psoralea corylifolia L. extract against Pseudomonas
syringae pv. lachrymans[J]. Journal of Mountain
Agriculture and Biology, 2021, 40(3): 83-87 (in Chinese).
ERRE AME IR R T A YAP (5558 A R R BT
BRI A e [D]. BT : FTMHIMTE R, 2023.

Wang MM. Angelicin impedes the progression of
glioblastoma via inactivation of YAP signaling
pathway[D]. Hangzhou: Hangzhou Normal University,
2023 (in Chinese).

AT AME IR RS AN IR Z T R BT
B AERIWIFE[D]. il EsCiH R, 2018.

[25

[26

[27

[28

[29

[30

31

[32

[33

[34

]

]

]

]

]

]

]

]

[

—

Li XT. Anti-bacteria, anti-inflammation and osteogenic
effects of psoralen and angelicin on periodontitis[D].
Shanghai: Shanghai Jiao Tong University, 2018 (in
Chinese).

ZEECHH, FRk, AL ANE R R RS ANE IR A
JE A0 M B B S AR 1], b1 58 R 2 4l (BE 2 i),
2018, 38(2): 128-132.

Li XT, Zhou W, Song ZC. Anti-inflammation effects of
psoralen and angelicin on human periodontal ligament
cells in vitro[J]. Journal of Shanghai Jiao Tong University
(Medical Science), 2018, 38(2): 128-132 (in Chinese).

Li L, Eun JS, Nepal M, Ryu JH, Cho HK, Choi BY, Soh
YJ. Isopsoralen induces differentiation of
prechondrogenic ATDCS cells via activation of MAP
kinases and BMP-2 signaling pathways[J]. Biomolecules
and Therapeutics, 2012, 20(3): 299-305.

Yuan ZJ, Aweya JJ, Li J, Wang ZY, Huang SY, Zheng MJ,
Shi LF, Deng SG, Yang S. Synergistic antibacterial
effects of low-intensity ultrasound and peptide LCMHC
against Staphylococcus aureus[J]. International Journal of
Food Microbiology, 2022, 373: 109713.

Zhang JM, Rui X, Wang L, Guan Y, Sun XM, Dong MS.
Polyphenolic extract from Rosa rugosa tea inhibits
bacterial quorum sensing and biofilm formation[J]. Food
Control, 2014, 42: 125-131.

Shi YG, Zhu YJ, Shao SY, Zhang RR, Wu Y, Zhu CM,
Liang XR, Cai WQ. Alkyl ferulate esters as
multifunctional food additives: antibacterial activity and
mode of action against FEscherichia coli in vitro[J].
Journal of Agricultural and Food Chemistry, 2018,
66(45): 12088-12101.

RBEAE, 2% 3can, /MR, EPCHN, SR . A X 4
ZRABLA T PAOT MR N Py 300 1 W PERIF 5], AR5
2%, 2021, 40(4): 27-35.

Zeng TH, Li WR, Xie XB, Shi QS, Zhang JS. Quorum
sensing inhibitory activity of Pseudomonas aeruginosa
PAOL1 by citronellal[J]. Ecological Science, 2021, 40(4):
27-35 (in Chinese).

Li WR, Xie XB, Shi QS, Zeng HY, OU-Yang YS, Chen
YB. Antibacterial activity and mechanism of silver
nanoparticles on Escherichia coli[J]. Applied Microbiology
and Biotechnology, 2010, 85(4): 1115-1122.

Clinical and Laboratory Standards Institute. MO7-
methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically; approved standard-12th
edition[S]. Wayne: Clinical and Laboratory Standards
Institute, 2024.

FR0A, Tk, FAERL ARl RARBURRIZE & e
BT SEHE R[], iRk, 2021, 42(9): 336-346.

Guo J, Zhang J, Wang JM, Zhu QS. Natural antibacterial
agents and their application in food packaging: a review[J].
Food Science, 2021, 42(9): 336-346 (in Chinese).

B/ INTE, ERER, SR, BRI K AR SIFFE LSQ
3%F DU T ZE AT T LSQ 19 s RE 1 5 i B L RE A
LRI HT[I]. AR 224, 2026, 66(2): 753-769.

Yang XY, Wang ZG, Xu WH, Danzhen Awang. Influence
of Acinetobacter pittii LSQ 3 on the biofilm formation of
Bacillus  velezensis LSQ 19 and its genomic

http://journals.im.ac.cn/actamicrocn



3850

GAO Jingxin et al. | Acta Microbiologica Sinica, 2026, 66(8)

[39]

[40]

characteristics[J]. Acta Microbiologica Sinica, 2026,
66(2): 753-769 (in Chinese).

Agathokleous E, Calabrese EJ, Barceldé D. Environmental
hormesis: new developments[J]. Science of the Total
Environment, 2024, 906: 167450.

LT, FRLLI, M B, HKA, 225050, skIEF . R
X R T 2 60 8 TR TR A P PLIR R [J]. AR 25 2% 2 4k,
2020, 22(5): 775-781.

Ma WH, Cheng HG, Yang J, Geng NN, Ji JY, Zhang GC.
Preliminary study on the antifungal mechanism of
coumarin on Botrytis cinerea[J]. Chinese Journal of
Pesticide Science, 2020, 22(5): 775-781 (in Chinese).
Poolman B. Physicochemical homeostasis in bacteria[J].
FEMS Microbiology Reviews, 2023, 47(4): fuad033.

T {E | T 4E A 2R B, HYOGEN ) 28 B B IR SO
PRI KAFFE[D]. A58 WHILARMBHEE K, 2024

Feng JX. Study on the inactivation of foodborne
pathogenic bacteria by vitamin B,-based photodynamic
bactericides[D]. Yangling: Northwest A&F University,
2024 (in Chinese).

A, FETTA, SREER, X F, AR, WOCH . AP iRAe
R S 200 T 15 A )7 A o P B S BEFSE[CL//h FEL A
FR B2 JUR A [ 2 SRR 2010 4R 2 RAFE 2
W T, 2010: 292.

Hassan RM, Abd El-Maksoud MS, Ghannam IAY, El-

P4 actamicro@im.ac.cn, 7 010-64807516

[41]

(42]

[43]

[44]

Azzouny AA, Aboul-Enein MN. Synthetic non-toxic anti-
biofilm agents as a strategy in combating bacterial
resistance[J]. European Journal of Medicinal Chemistry,
2023,262: 115867.

Zhang MM, Han WY, Gu JM, Qiu C, Jiang QJ, Dong JB,
Lei LC, Li FY. Recent advances on the regulation of
bacterial biofilm formation by herbal medicines[J].
Frontiers in Microbiology, 2022, 13: 1039297.

hag e, ASVLIE, 255, MO, SEIG . AhE IR R IATT B
S AN E 24 BEAE FIAIL A S WS¢ R JE (0], v 11 ot
Zkik, 2026, 32(2): 276-281.

Ma JL, Hao JF, Li N, Xie XW, Qi P. Pharmacological
mechanism and research progress of psoralen in the
treatment of osteoporosis[J]. Chinese Journal of
Osteoporosis, 2026, 32(2): 276-281 (in Chinese).

R . B RIS S W & S TR E M5 [ D].
HIR: PUR R, 2024,

Zhao JS. Synthesis of novel coumarins and their
antimicrobial  studies[D].  Chongqing:  Southwest
University, 2024 (in Chinese).

WL . A SR RS AT E YR G S 1% PE PPN [D].
B8R BN R, 2025.

Pu JP. Synthesis and activity evaluation of nitrogen-
containing coumarin derivatives[D]. Urumgqi: Xinjiang
Agricultural University, 2025 (in Chinese).



